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Abstract

A variety of ways have been studied in order to learn more about how humans perceive the
world and are able to experience new sensations, as well as, to comprehend the way we sense
and process the already discovered flavours or aromas. Throughout the years, many studies
have also led to important discoveries about the way that sounds can affect, in a positive or
negative manner, our own perception about food texture and taste. In this study, we managed
to review the effect of auditory stimulation in correlation with how we can sense food texture
in our mouth, ear and brain. To help us understand this process, we also included in our study
a review of the different elements involved in mechanical stimulation and correlate our
aforementioned objective with some other important factors, such as, sonic seasoning and
the study of tribology. Our bibliographic research has also focused on the consumer behaviour
and how can auditory stimulations have a direct or an indirect link towards our flavour or
aroma perception, but also the way we can consume or buy that specific product. It was
apparent that sounds with a direct link would have a significant effect on our behaviour, but
the most important finding was that, sounds that have no direct link exert an immense amount
of influence towards our gustatory or olfactory perception, but our consumer behaviour as
well. With the information that was found, we have proposed a new definition about taste
perception and also, included in our research, the ethical aspect of possible manipulation or
taking advantage of the consumers behaviour. Finally, our study viewed possible limitations
of previous researches and we proposed a collective study of measurements and techniques,
in order to achieve more significant results and with a more representative aspect towards

our world.



Resumen

Introduccion
Se han estudiado diversas formas para que los humanos aprendan mas sobre el mundo y

puedan experimentar nuevas sensaciones, asi como para comprender la forma en que
sentimos y procesamos los sabores o aromas ya descubiertos. A lo largo de los afios, muchos
estudios han llevado a importantes descubrimientos sobre la forma en que los sonidos pueden
afectar, de manera positiva o negativa, nuestra propia percepcion sobre la textura y el sabor

de los alimentos.

Objetivos

Revisar el efecto de la estimulacién auditiva en correlacién con cdémo podemos sentir la
textura de los alimentos en nuestra boca, oido y cerebro. Para ayudarnos a comprender este
proceso, tenemos que incluir en nuestro estudio los diferentes elementos de estimulacion
mecdnica y correlacionar nuestro objetivo antes mencionado con algunos otros factores

importantes, como el condimento sénico y el estudio de la tribologia.

Resultados

Nuestra investigacion empirica también se ha centrado en el comportamiento del consumidor
y en cdmo las estimulaciones auditivas pueden tener un vinculo directo o indirecto con
nuestra percepcién de sabor o aroma, pero también la forma en que podemos consumir o
comprar ese producto especifico. Era evidente que los sonidos con un vinculo directo tendrian

un efecto significativo en nuestro comportamiento, pero el hallazgo mas importante fue que,


https://ast.wikipedia.org/wiki/Introducci%C3%B3n
https://ast.wikipedia.org/wiki/Introducci%C3%B3n

los sonidos que no tienen un vinculo directo ejercen una inmensa influencia en nuestra

percepcidn gustativa u olfativa, pero nuestro comportamiento del consumidor también.

Conclusiones

Con la informacién encontrada, hemos propuesto una nueva definicién sobre la percepcion
del gusto y también, incluido en nuestra investigacidn, el aspecto ético de una posible
manipulacion o aprovechamiento del comportamiento de los consumidores. Finalmente,
nuestro estudio vislumbro posibles limitaciones de investigaciones previas y planteamos un
estudio colectivo de medidas y técnicas, con el fin de lograr resultados mas significativos y con

un aspecto mas representativo hacia nuestro mundo.
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Introduction

Humans get to know the world through multiple senses but some senses predominate others
in the earlier stages of life, as seen in the taste and touch sensation of neonates. Due to the
fact that the sense in their fingertips is not yet fully developed, taste through their mouths is
what allows humans even from the neonatal state to get to experience and learn about the
different flavours and sensations that the world contains (1).

Food texture perception is a complex process that according to Burbidge et al. (2, p.11), “is
inherently a dynamical process with no obvious equilibrium state of adsorption of an agonist
to a particular receptor, and the stimuli are therefore inherently dependent on the exact
modes of deformation and the deformation history of the tested material”.

A big part of the biophysics of food texture perception includes also the structure of a given
food or sample, as the structure is the “implicit property of the material”’ (2, p.11).

Although, the texture perception of food is basically an individual’s perception of a specific
sample at a given time, for an example, an individual can sense a different stress field for the
same sample given different stimuli or different periods of time.

Food texture perception includes 4 different senses: taste, touch, audition and olfaction.
From all of the other senses mentioned above taste has been researched studied the most as
the receptors involved in taste are comparable to most living organisms.

Taste according to Liu et al. (3), in 2017; is a physical sense and a perception of our mind that
relates to the ingesting of a substance mixed with saliva(3). In general, and more specific in
the scientific field, taste is often referred to as the axis of the perceptive process of food. It is

thought that from 1970 onwards, sufficient knowledge was collected about the Central



Nervous System pathways related to taste and the way taste is perceived (taste buds,
signalling processes, etc.) with the use of advanced techniques. Just half a century ago, the
only organ thought to be related to taste was the tongue, because up until then researches
had found taste buds located solely in that area of the mouth, whereas during those 50 years,
new structures of the body were also added to the contribution of flavours and taste, such as;
the pharynx, the palate and the epiglottic larynx (laringopharinx). It also notable that only
sweet, salt, bitter and sour flavour qualities were known. With these studies throughout the
years researchers were able to realise that a receptor cell that is inside a taste bud can produce
a nerve impulse which is transmitted through our brainstem and thalamus in order to reach
the gustatory cortical area. This process is done with the aid of gustatory afferent terminals
located in the taste buds (4).

More specific sweet, umami and bitter receptors are GPCRs or G-Protein Coupled Receptors.
Salt receptors are ion channels for Na and sour receptors are hydrogen cations(2). According,
to Han et al. (4), in 2019, a variety of techniques, such as molecular biology, optical and brain
imaging and the use of electrophysiologic recordings have proven that depending on the
quality of the flavour, the taste relay produced by that flavour has a specific topographic or
chemotropic display in our brain. Furthermore, there were found more areas in the brain
associated with food perception. The limbic system processes information in regards with the
emotional or pleasurable aspect of taste and some parts of the cortex and nucleus accumbens
are responsible for altering or enhancing taste behaviour whereas, the hypothalamus
although important it mainly processes information in relation with the regulation of feeding.
The brain can integrate data that is received through the process of eating but it can also

amass an enormous library of previous experiences to reach conclusions (4).



However, from 1920 until now, mechanical aspects of food perception have been studied and
integrated in the food perception map. Those aspects include mechanoreception, the study
of friction or also known in the scientific field as, tribology, and last but not least sonic

seasoning.

Mechanoreception is a relevant part of our review as the mouth is a constant control medium
where these mechanoreceptors are always active and provide feedback to the brain about
multiple processes that may or may not include food intake, such as swallowing, phonation
and others (2). But taste as can be clearly seen in Figure 1 is not the only factor that can
influence our oral perception. Aroma, as well as, texture and thermal perception have an
important role in our overall food perception.

Moreover, there has been a link of extra-oral sensations and perceptions with our food
perception. There is no doubt that the way of how food or drinks are perceived can be affected
by sounds, vibrations, or even with the different environment and feelings that can be
associated through the experience of eating/drinking in our mouth; these catalysts affect the
way we perceive what we taste even if we are unaware of their effects, which according to

Zellner et al. (5), 2017, we mostly are oblivious to them(6).
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Figure 1. Catalysts related to food perception. Retrieved from Batisse et al. (7)

Before further investigation of the different ways that alter our perception of food texture, a
basic overview of our acoustic and stomatognathic system will be presented and also the way

they work during mastication and occlusion.

According to Stenfelt et al. (8), in 2003, when the external acoustic meatus is open the
occlusion has almost no factor towards the process of hearing and Stenfelt et al. (9), in 2011,
stated that, during occlusion the sound emitted by the movement of the external auditory

meatus parts is trapped and is then transmitted to the tympanic membrane .

The processes of mastication and swallowing are complex where food, brain as well as its
physiology are closely intertwined. As seen in Figure 2 all of the components play an important

and vital role in the food texture perception (3).
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Figure 2. Oral Processing Framework. Modified from Liu et al. (3).

A different way that humans can sense texture perception is through sound. Sound is a
mechanical vibration that propagates through a material medium that can be a gas, a liquid
or a solid. Usually, we refer sound as those vibrations travelling through the air, but how can

we perceive sound through more solid materials like tissue and bone?

In the case of the human body, we can differentiate three types of sound conduction: air
conduction, bone conduction and soft tissue conduction. The soft tissue conduction, which

until recently was only referred as non-osseous bone conduction, was rarely researched but



it has proven to have great applications in sound energy transmission especially when
compared to bone conduction.(10) Here we see the first “appearance” of the term dentaural
hearing. The famous musician Beethoven used a bony apparatus, that had one end attached
to his piano and the other end to his teeth, in order to compensate for his hearing loss and to

be able to perceive the sound in his inner ear.

Beethoven seemed that he had found a niche in his disability and treated the bone conducting
sounds in his skull as a gift, rather than an annoyance such as Obrebowski who thought that
bone conducting sounds in physiological state should be hindered rather than accentuated

(10).

More studies were made in the aspect of dentaural hearing throughout the years that lead to
some interesting results. According to Brown (11), in 1969, teeth in the maxilla can conduct
sound energy better than the teeth in the mandible which shows that bone conduction has
better results comparing to soft tissue conduction in regards to sound energy transmission.
Another noteworthy fact, was the examination applied for bone conduction, where a tuning
fork is placed on the mastoid bone. Bone conduction allows the vibrations or sounds to be
transmitted to the inner ear, whereas air conduction uses the ear as an apparatus to direct
and amplify different vibrations or sounds. There is also, a reduced volume transmitted by the
skull bones to the opposite ear, that has little but nonetheless some effect to sound

transmission (10).

More recent findings of dentaural hearing can be seen in 2007 where Hasbro the famous toy

company produced a unique toothbrush called Tooth Tunes. This toothbrush could generate



vibrations that translated into sounds in the user’s head, making the trivial act of

toothbrushing into a fun activity(10).

Many studies have lately focused on the term called sonic seasoning, where different sounds
and locations have an alternate effect on the way we can perceive food, according to Spence
and collaborators (6,12,13). An important role is seen in the variable characteristics of music,
such as pitch, tempo, frequency and others. There is also a link with the term “sensation
transference”, where the background music can affect the process of eating or drinking and
vice versa. For example, Kantono et al. (14), in 2016, stated that the ice cream was perceived
as sweet or sour was directly linked with whether the music played in the background was like

or disliked.

Over the last half century there has been a vast amount of studies (15, 16,17), that have
focused on and shown that background music and sounds played in public areas such as
restaurants, bars and stores can affect the customers in regards to taste experience or
enjoyment. Even affect the way of choosing what to order or consume and what would be the

amount of money they are willing to spend .

An interesting theory by Muniz et al. (18), in 2017 describes how people can be influenced by
the combination of music and food and the effects of that. On the other hand, Hauck and
Hecht (19), in 2019 describe how food and beverages that are consumed in silence affect our

mental behaviour as well as our consuming behaviour.

Furthermore, a study made by Fiegel et al. (20) , describes how the tempo, pitch, volume or

different auditory stimuli can affect the way we can enjoy food or drinks. Without a surprise



people who were stimulated while eating or drinking experienced a higher quality of
enjoyment or pleasure.

A similar effect can be seen by people associating memories with food; either that being a
landscape or a sound or whether this is related to brand recognition such as the study made
by Speed, Peters, and Croijmans (21) ,where the participants have associated themselves with

familiar brands easier and faster than brands that were unknown or hardly used.

Tribology is the study of friction, lubrication and wear of the related surfaces in response to
motion. These processes take place in our tongue, palatal mucosa and teeth and more
specifically, when the surfaces aforementioned are moving or contacting other features of the
oral cavity (20). This concept has been linked with the study of food oral processing and the
perception of the different senses involved in that process. According to the study made by
Joyner et al. (22), particles, fat, emulsifiers and hydrocolloids are important substances
located in both mouth sensations and tribology that whether or not they are present in the

mouth can affect tribology and structure perception (23).

Although known by its protective function, its assistance in swallowing, digestion and taste
perception, saliva secretion arose as a key component of tribology and food texture
perception. From the study made by Engellen and Van der Bilt (24), in 2008, the importance
of saliva for the correct food oral processing and perception was shown, as well as, the effect
of one of the critical functions of saliva; salivary flow. The study showed that salivary flow and
composition of saliva through dilution, enzyme breakdown or even mixing of the food

ingredients and saliva have an effect on lubrication and food texture perception.



More emphasis will be shown on our results and discussion part about the multifactorial
stimuli and their effects that are involved in the complex process of food texture perception

through the mouth and the ear.

This paper will mainly focus on the different stimuli that could affect our food perception that
are caused from different textures and perceptions of food in the mouth and ear. Special
interest will be shown towards the mechanical stimulation of taste and olfaction as well as to

the terms; tribology and sonic seasoning and their effects on food texture perception.



Objectives

Main Objective

To understand and integrate the key features of aural aspect in food texture perception.

Secondary Objectives

- To review scientific studies related to the influence of mechanoreception, sonic seasoning
and tribology in food perception.

- To provide a more accurate definition of taste, according to all the processes that influence
our food texture perception.

-To analyse the social impact of the aural perception of food texture.

-To analyse the implications of the aural aspect of food texture perception in dental practice.

Materials and methods

The study targeted all empirical research, case studies, and systematic literature reviews
written in English that correlated to the keywords mentioned below, as well as, towards our
primary and secondary objectives. The main sources for our articles were Medline, PubMed
and the university’s Online Library (CRAI Dulce Chacdn).

The keywords used for the research included: food texture perception, aural perception,
auditory food perception, physiology of food perception, sonic seasoning and oral tribology.
All articles that were found when then put through an exclusion process until we reached our

final bibliography. More precisely, the total number of articles found for the collection of the
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aforementioned keywords, were 9939, from which we instantly excluded just a bit over a
guarter of our initial search and to be more specific 26,5%, for the fact that they were outside
of our research date period of 2010-2021.

So, our total amount of articles was 7303, from which 36 articles were carefully selected that
matched our criteria the best, as well as, a relation towards the dental field. Only, four out of
these 36 articles appear to be outside of our designated timeframe, but their inclusion in our
study was deemed necessary in order to for the reader to fully understand our study. The
articles selected were subjected to a data analysis process. Data were captured on an Excel

spreadsheet and reported in a comprehensive table seen below.

The Mendeley referencing application was used to organise the bibliographical part and
simultaneously to cite our study, according to the requirements set from the department of
Biomedical and Health Sciences, which required a Vancouver style citation method. All the

pictures included in our study were, also cited by the Mendeley referencing system.

Total amount 9939 7303 36
Keyword N. of articles N. of articles after exclusion N. of articles of final selection
food texture

perception 2135 1630 5
aural perception 1400 970 6
auditory food

perception 634 483 3
physiology of food

perception 5467 3946 8
sonic seasoning 53 49 10
oral tribology 250 225 4

Table 1. Comprehensive table of the data representation of our bibliographic search and selection of
articles.
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Results

Dentaural anatomy and conducting pathways

In order for us to fully comprehend the link between a stimulus and the perception produced
by it, we need to have a quick overview of the anatomical structures involved in the process
of food texture perception. All the anatomic parts that will be mentioned are located in the
head region and more precisely; in the oral cavity and ear, including the Temporo-Mandibular
Joint (TMJ); which as the name indicates is the connection between the temporal bone and
the jaw or also known as, the mandibular bone. Regarding the sound conducting pathways we
will refer to the three different mechanisms already mentioned: soft tissue conduction, air
conduction and bone conduction.

The TMJ is the only bilateral synovial joint that acts as a singular unit, but also the most
relevant soft tissue sound conduction mechanism to our research, that humans have on their
head. With soft tissue conduction the cerebrospinal fluid pathway is followed, that will
eventually lead to the perilymph (10).

This mechanism is completely different from the other two ways of sound conduction; air
conduction and bone conduction, as mentioned above, except from the fact that all the
information is finally headed as well, towards the perilymph.

Regarding air conduction there are two pathways followed; the ossicular and the acoustic,

with the ossicular pathway acting as the principal one, due to its greater effectiveness.
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The conduction of sound through bone follows as well two pathways; the tympanic and the
cochlear pathway (10).

Furthermore, the structures involved in these pathways can be divided in three parts of the
ear; the outer, consisting of the auricle and the external acoustic meatus, the middle that
includes the tympanic membrane and cavity, malleus, incus, stapes and the semi-circular
canals and the inner ear, where the cochlea and vestibule are located, accompanied by the
cochlear and vestibular nerve and as well the oval window and the Eustachian tube; which
provides connection to the nasopharynx (10).

Finally, regarding the mouth, the structures involved in sound conduction and food
perception involve the maxillary and mandibular teeth, the tongue and the maxillary and

mandibular bones (10).

Texture perception and sensitivity

As mentioned above, food texture perception is a dynamical and complex process that
depends on the receptor and the stimuli itself. The use of an individual technique renders the
research results almost useless as in order for us to be able to understand completely the
process of eating and subsequently of food texture perception, a variety of techniques and
measurements have to be applied. Further studies were made throughout the decades about

texture sensitivity and other physical properties of food, that has led to new measuring
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techniques like temporal dominance of sensations and time-intensity technique, as we can
observe in the studies by Foster et al. (25), in 2011 and Kog et al. (26), in 2013.

More methods such as acoustic signal capture, where also introduced by Saeleaw & Schleining
(27), in 2011, and measurements regarding the activity of the jaw seen by the study made by
Koc et al. (28), in 2013.

These techniques allowed us to assess a more complex and dynamic food processing
behaviour, rather than the widely researched static properties of food itself.

From these studies a claim was made, which stated that in order to measure and fully
comprehend the connection between sensory perception and physical properties, “in vitro”
experiments should be performed with the aim of clarifying the physics involved in our
mouth(19).

According to Engelen (24), the physical properties of food are perceived by specific receptors
found in the oral cavity, known as mechanoreceptors (mentioned above), that provide us with
touch and proprioception elements .

Other receptors include; thermal receptors, that measure the temperature of foreign objects
that come in contact with our oral cavity, as well as nociceptors, that provide the brain with a
sensory input of pain perception. Finally, chemical receptors that contribute in the smell and
taste sensations. More important is the fact that food texture perception is perceived not only
from one or two of these receptors but from the totality of them (24).

That specific sensory input is translated into a perception inside our brain, as shown in the
study made by Rolls (29) about the neural representation of oral texture including fat texture.
Rolls mentioned in his study that in order to measure correctly the perception of the

enjoyment of flavours and oral texture, we must assess taste, olfactory and texture elements

14



all together. More specifically, the study aimed to show the specific areas in the brain where
the aforementioned sensations took place. The subjects were presented with chocolate milk
or tomato juice; one for stimulating the brain with a pleasant feeling and the other to decrease
that sensation. The results of the study showed that the orbitofrontal cortex was the specific
part of our brain that was responsible for perceiving the enjoyment food flavour and the

sensory-specific phenomenon known as satiety (Figure 3).

(a)

z

BOLD signal (% change)

Figure 3: Areas of the brain with activations linking pleasantness with food in the mouth. (a) Coronal
section of the orbitofrontal cortex showing in yellow the peak of pleasantness correlated with the
foods given. The experiment consisted of subjects that were hungry and were fed to satiety, where
after a period of time the pleasantness of the food was reduced to neutral or even to some extent
unpleasant. The type of this experiment was a sensory-specific satiety design. b) Plot of the
magnitude of the hemodynamic response from an individual against the pleasantness ratings (on a
scale from -2 to +2) and peristimulus time measured in seconds.

Retrieved from Rolls (29).
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Sonic Seasoning

As explained before, sonic seasoning is the term used to describe intrinsic and extrinsic aural
stimuli that can affect an individual’s perception and their costumer behaviour. The difference
between the intrinsic and extrinsic stimuli is the direct link between the stimuli and the food
or not, respectively. In an interdisciplinary review made by Spence et al. (12), in 2019, we can
observe 4 different ways of how noise or music can influence what we taste. The first 3 ways
explain the effects of background noise, background music and sensational transference,
respectively. The fourth phenomenon described was sonic seasoning and its effects on human
perception. An interesting study mentioned by Spence and Crisinel (30) in 2010, where the
test subjects had to match a taste to a specific note with the aid of different musical
instruments. The participants were given different aroma tastes, such as sweet and fruity or
even bitter and smoky aromas. The results of this study were consistent to the extent of
recording similar measurements between different participants for the same aromas. More
precisely, the test subjects tend to associate sweet and fruity aromas to a higher note and
higher pitched musical instrument such as a piano or wind instrument, whereas the bitter and
sour aromas were recorded in low pitch musical instruments and low notes, such as brass

instruments.

In a different study by Wang and Spence (16), it is stated that the participants had to listen to
some melodies that were either pleasant to the ear or even annoying and distasteful and try
to associate them with different flavoured foods. The results of the study did not surprise as

most test subjects were associating sweet flavours with pleasant melodies and sour taste to

16



distasteful or unpleasant music. But the interesting part was the feedback correlation that
seems to be involved to music and flavourful food, whether that being pleasant or not. So, in
this study for example we see that most participants also preferred to consume a specific
pleasant drink under the influence of consonant music instead of an unpleasant melody,

meaning higher pleasant ratings for flavour and music (16).

In a study performed by Jutras et al. (31), in 2019, the impact of external ear blockage in food
perception was studied. Authors aimed to measure participants without any auditory or
gustatory, including olfactory deficiencies and their external ear occlusion effect upon greater
masticatory sounds produced during occlusion. Different sounds measures were recorded for
soft or crispy food, with crispy food recording greater sound levels than soft foods. Especially
when the subjects were instructed to use an earplug the same measurements of “crispiness”’
were even higher than without the use of an earplug. Also, there were different sounds
measures documented for males and females, with males reaching greater sound levels of
mastication, probably due to higher mastication forces used by the gnathic muscles of males
or greater occlusal forces (27,31). Although, this study could not really prove their original
hypothesis, they did reach a different finding in the end. Apparently, loud noises during eating
are not directly related with food perception. Despite that, the study concluded that there
were different results according to sex, where according to these results the assumption that

male participants preferred loud noises during mastication was made.
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Tribology

As mentioned above in the introduction, tribology is the study of friction on a surface in
relation to motion. Important elements that are included in this study (22) are saliva and the
salivary flow, as well as, the fact that, tribology when analysed has to follow some specific
parameters, such as; surfaces (for example; soft or hard), lubricants (food) and different
measuring systems.

Furthermore, Macakova et al. (32), in 2010, stated that the effects or changes caused by the
mixing of food components and saliva can be due to alterations in the ionic strength or pH
that in return change the composition and hydration of the salivary film. There has been a link
proposed between oral processing techniques, the use of tribology and salivary interactions
to be combined in a study in order to move forward with the understanding of the effect of

oral processing in the food texture perception (33).

Discussion

In general, during our bibliographic overview, we tried to show the different ways that food
perception can be comprehended or altered by different stimuli. More specifically we have
prioritised our study towards the mechanical stimulation of food texture perception. This
overview included also, sonic seasoning and tribology, which with the aid of recent studies,
seem fundamental towards the concept of taste and its affect towards food texture

perception. Socially, the definition of taste focuses on the concept of flavour. On the other

18



hand, in scientific literature, taste has been defined as a,” physical sense and a perception of
our mind that relates to the ingesting of a substance mixed with saliva” (3). However, as has
been shown in this paper, sensory experiences derived from mechanical stimulation in the
process of eating as well as sound seasoning, decisively influence the perception of food,
appearing as indissoluble to the concept of taste itself.

For this reason, | believe that such processes should be included in the definition of the
concept and the following is proposed: Taste is a chemical or mechanical sensation, that can
be perceived or altered in our mind, with the aid of gustatory, olfactory and also auditory
stimuli. As seen below in our paper, this new concept also entitles some requirements in order

to give sufficiently reliable results (34, ch.6).

Most of the authors that have based their work on sonic seasoning and its effects on human
brains, have come to the conclusion that a specific pattern is made and followed by each
individual during their own experience of flavours or textures of food. In mechanical terms,
although those patterns may be different at first, their information is led always towards the
same location; the perilymph (10). Following this concept of thought there should be a
collective study including not just one of the factors that can alter our perception, but if
possible, all of them; aroma, taste, textures and sounds. This view seems to be contradicted
by Engmann et al. (35) in 2013, who believed that elements like taste or aroma should be
eliminated, in order for their study to be successfully fulfilled. Despite this contradiction, most
of the authors; including Engmann, have a common limitation agreement, which includes the
fact that the number of participants in the study should be greatly extended, in order to be

representative and precise towards our population in the world (22). The same views can been
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seen in Tribology, where in order to be able to obtain, significant results; a variety of factors
need to be analysed, such as different surfaces or food types (lubricants) (22).

All these claims are leading towards our concept of unifying all of the different systems or
properties into one combined study that could produce more realistic and representative,

instead of the stochastic results that many authors had to rely up until now.

Also, after many studies researchers have understood that specific sounds can affect not only
our pleasantness, but also, the way we would consume or buy products.

Correlations between the authors’ views can be seen in the articles, mainly publised by Wang,
Spence and by Reinoso-Carvalho between the years of 2018 and 2020 (6,12,13)(15-17). Some
of the findings of these studies included the fact that, the external aural stimulation that is
being used while consuming a product, has a significant effect in the way we could perceive
the variety of flavours. This range of favours can be either, tasted or smelled.

This fact has been recorded not only during research studies with a chosen number of test
subjects, but it is also observed in the behaviour of consumers in places like restaurants, bars
and cafes, as well as, retails and shops (6,12). It is also believed that the customers and
consumers remain oblivious to the fact that these sounds are influencing their behaviour, just
because there is no direct link to the sound produced and the product itself (12).

Another interesting theory was shared by Wang (34, ch.6) in 2017, during his PhD thesis, which
included the rational that in order for the participant to be able to experience any auditory
stimulation towards his food perception, an actual gustatory or olfactory stimulus had to be

introduced to the taster from the start. This could be explained by the notion that the
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participant while consuming the testing flavour, appears to be fixated to the auditory

stimulation, which in return makes the flavour that was tasted more noticeable (6, 30, ch.6).

This could be the starting point for an interesting ethical analysis of capitalist methods of
influencing consumer behaviour. There is a large volume of articles and books on theories of
human rationality on which to base such ethical studies, as reviewed in Kahneman (36).

In this respect, several questions could be discussed: Is it ethical to influence consumers
indirectly through direct experientiality such as taste? Is it possible to set a limit in this
respect?

Continuing with the different ways we could enhance our further research into the auditory
aspect of food texture perception and the way we use these elements to get to know and
experience the world, some studies have suggested the replacement of loudspeakers for the
production of auditory stimuli with headphones, which could provide higher isolation and
therefore, attention towards that stimulus rather than drowning it out or even completely
cancelling it out (15). Another important parameter that seems to be discussed in the study
by Spence et al. (15), in 2019, is the idea that the participant of the study should be unaware
to what they are about to taste. Also, the supply of a unique flavour seems to be more
appropriate for acquiring comparable results, as for example if we were to supply our
participants with a commonly used flavour, their results could be tainted by personal
experience of that particular flavour.

This concept could be implemented towards the improvement of the perception of food in
individuals with lack of taste integration due to old age or neurological problems that can

affect the feeding process and in return the tasting experience as well.
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Dentists are meant not only to treat but to prevent traumatisms and diseases. As stated from
Batisse et al. (7), factors such as, the decline of dental status and insufficient oral hygiene can
be a leading cause towards the alteration of the taste perception. Other causes also
mentioned, where individuals who had a prosthetic treatment and people with dry mouth or
also known as xerostomia. Mastication is important for oral processing and taste perception,
so a proper oral hygiene and often visits to the dentist are necessary not only for aesthetics,
but also for simple function, as mastication and taste sensation. Therefore, the dentist should
be aware that interventions in the mouth can radically affect the psycho-physiological aspect
of the individual where not only the physiological processes can be affected but also the

perception of the world.
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Conclusion

During our literature research we aimed to demonstrate the link between food texture

perception and the auditory aspect of it. In relation to that, we have included some

terminologies that have been linked to food texture perception, such as sonic seasoning and

tribology. As, the result of the work the following conclusions have been reached:

Mechanical stimulation affects the way we perceive food, including also, auditory
stimulation. The auditory aspect of food texture perception and oral processing is a
very important factor but nonetheless not the only contributing factor.

As we have observed and discussed in our study the way we perceive food can be
influenced by many stimuli; thermal, mechanical, chemical or even aural. Links
between music or noise have been made with food texture perception and results
showed that different flavours can be associated with various musical notes to
represent a feeling or a sensation.

One of the most interesting findings was that in reality music, noises or even areas
associated with a pleasant feeling will affect our food experience and vice versa
whether we are aware of it or not (5).

A collective study was proposed after all these findings that proposed the combination
of techniques and measurements, rather than the dampening of some senses. An
overall representation and mapping of our brain is necessary to be made, relating the
oral texture perception, tribology and sonic seasoning.

Due to these findings, we have proposed a new definition to taste, which states that:
Taste is a chemical or mechanical sensation, that can be perceived or altered in our

mind, with the aid of gustatory, olfactory and also auditory stimuli.
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e We have also observed the social responsibility of the consumers behaviour and how
sonic seasoning can affect their decisions and acts. Moreover, we observed the
possible implications that can correlate with Dentistry and the professional
responsibilities towards the patients’ health and comfort. Dentists can prevent and
treat traumatisms and diseases and they are responsible for improving the tasting

experience and quality of life of their patients.

Further research needs to be made in the aid of understanding the different kind of
stimulations that can affect our food texture perception. As mentioned above, a complete
mapping of the oral, aural and mechanical/chemical stimuli and their conducting pathways,
which lead to the brain has to be performed. This new collective study could show a new
approach towards fully comprehending the way we perceive food and in how many ways this

feeling can be altered.
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Biophysics of Food Perception

Adam S Burbidge'. Benjamin J D Le Révérend'
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Abstract.

In this articke, we present food peroeption across o range of time and length scales
as well ax across disciplines between physics, chemistry and biology. We achisve this
ohjective of the article by presenting food with & materind science anghe as well as
the physiology of fomd perception that enables humars to probe materials in terms
of aromn, taste and texture. We highlight that by osing simple physical concepts,
o can decipher alss the mechansms of transport that link the food strocture with
the perception physiology and define in which regime the physiology operates. host
importantly we emphasize the notion that food-comsumer interaction operates aenoss

the mterince biclegical Huids that can be grouped under the terminology of mucus,
wcting as o transfer Hukd for taste, aroma and pressore betwesn food and dedscatesd

reCeptons.
PACH mmmbers: 000, 20000, 4210

Keywords: Food, Phvsiology, Sensory, Perception, Biophvsics, Transport Phenomena
Submitted o Jo Phys, D Appl. Phgs.

1. Imtroduction

Foods are essential as a source of mutrition to sustain the bodyv from both and encrgetic
and a structural repair perspective, but the experience of eating good food is a highly
pleasurable sensory experience. In the current short article we offer a high level review of
how the structural elements of food interact with the human oral biology and phvsiclogy
to provide sensory stimuli for the brain. We attempt to provide a physically focused
view and attempt to highlight aspects that seem, or have beon demonstrated, to be
amenable to a physics inspired technique or explanation in the hope that it might
highlight potentially interesting research questions to researchers who are not already
working on food or mitritional questions.
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Impact of oral processing on texture attributes and taste
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Ahstraet Meaicanon & e first siep of food digeston,
where foods sre broken down and  simelisnecusly
impregnased by saliva resulting in the formation of semi-
haids knows os food bobeses. This review focuses on the
impact of oral processing on expare oiributes and 1asie
percepuion. The anicle describes the ol actions in which
texiure characteristic sre measured for de criticsl comdi-
s that migger swallowing. Tese perception deo ploys &
key role in orsl processing and oral sensotions. There sre
still challesges in erms of determinisg differem oral
physiological chamcterisics. These mcbade  individual
chewing behavior regardless of s pemporal speos of
domizant processes of comminution, insalivation, boles
formation snd swallowing. A comprehensive approsch is
essendis] in process favorahle foods with respect o the focd
properties of texiure md s,

Keywards (Ol processing - Facure « Bolus Smsation
Swallow « Texiure perceguion - Tasie percepiion
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Intreduction

Pood processing s & nigorous snd imporisss messs of
soructural adjpeament. Food oml processing incledes all
mecle activities, jaw movensenis, sl pigee movemens
that cominibule o preparing food for swallowing. The
processed foods which is mot cmly suppon the enjpoyment
and pleasure of conssmgeion b also provide energy amd
eseemdin] numienis (Chen 29 Typicel food processing
imvolves selecting o vaniery of raw maienisls sed mixisg
with other food sdditives, forming & constant desimable
siructure which cem be siored {Chen 2013 ). However, food
oral processing is the reverse of this process. Pigore 1
provides & concepiual framework of the dominmms food
physics, semmory ond phvaiologicsl paranseters deming oral
processing of solid food. The whole food foms is pedeced
o incresingly small and more numerous small pamicles
(Salles eval. 200 1; Sedway and Ssokes 20014} Food begins a
structural degradmion and dsinicgration leading o 2 spe-
cisl microsmscoere snd sexmare suitable for swallowing.
The fesdamentsl properties of food cral consumpticn
imclude mechanical fregmenaion of eeth whils using the
extnesion of tongue—paloie and combinisg with saliva
formarion {Homison and Cleary 200 5; Meyraed er al. 2005,
Using research iechnigues, ® & possible a0 follow the
process of reducing the whole food w o swallowable boles.
As food oral processing oocurs, rheological propenies play
an imponent role meore =0 than the fracture charactenistics
depending on the muinx’ ransfomsic 5o & boles (Selway
and Siokes 20014). Both fraciure charscienstic and rheo-
liogacal propemies of the food matry make comribution
sEnsory perceplion. in pamicelar iexiure perception which
i likely mo infleence consumers” scceplance and preference
{Foster e sl AM 1L
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The sweet taste signalling pathways in the oral cavity and the
gastrointestinal tract affect human appetite and food intake: a review
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Intreduction

Sweet tasbe has the potential to guide focd or
nutrients comsumpibon and impact bealth, as the
prevalence of ovenweight and obesity has been largely
due to overcomsumpiion of sugars. The mammalian
gstatory system has evolved with the ahility to detect
nutritionally relevant and harmfal substances in food
and serve as a dominant regulator and driver for feed-
ing hehavicur (Yarmolinsky et al. 2004). In bumans,
taste is categorised imio five modalities: sweet, bitter,
salty, sour amd umamd (the taste of glutamate or
aming achds), and strong evidence sapport fatty acld
as a sixth taste modality (Benard et al 2008). Swest
taste has been associated with food reward and emergy
source in the form of carbohydrate. However, exces-
sive sugar consumption is blamed for the prevalence
of overweight and obesity, Although controversies
exist as to whether the pon-nuiritive sweeieners
(MM} are bdeal substitutions to natural sugar (Borke
amnd 5mall 201% Bogers 2017), the WS have been
widely applied in recent years as it could deliver
bedonic sweet note and provide negligible energy. To
expand our understanding of sweet agonists in appe-
tite, satiety and food intake, i is important to under-
stand the physiclogical and meural responses to sweet

agomists-recepéor bindings ab variows sites during food
consumpbion, mainly the oral cavity and gastrodnies-
tinal tract {GIT), and the similarity and differences
bhetween the effect of caloric sugar and MR Ss.

Thus, the present review aimed to provide am over-
view of key research findings on sweet agonisis. First,
hormonal response to oral and GIT perception of
mweriness [cephalic phase responses]) was reviewed
sevond, brain responses to sweetness via oral or GIT
administration were summarised; finally, the relation-
ship hetween nweet perception, satiety and food intake
in humans were discussed, highlighting the import-
ance of individual neestniess percepiual varations.

Methods

Peer-reviewed publications written in English were
searched im PubbMed, Google Scholar and Web of
LSoience. Literatures covering the following tophcs were
screened and reviewed: (1] bormonal amdioc brain
responses bo swest ste agomists presended in orad cavity
ar GIT (X} seest taste perception, satiety and food
intake. Studies on either caloric ssgar or NS or both
were included. Aocording to the fooes of current review,
szarched articles were imcluded with the following

mmlhgn-ha-nhﬁmﬂcdnpdh&uumhmM,_m Unsenity for Maborakism, o,

6 Kilsmeaun Boadl, Keeran (Divinict, Torgleo D23000, P AL Chine
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stog whether hearmy 4 par type of rthrec reasec wil safl peugshe bo ch

fuod froms that ssene cultre Bas found mexed resudts. Some studhes Souad (hat when given & selection of
diferent rtfrec foods sulapects were more likely to choose the food that was typical of the caliuze whone
sk was playmg. Other studies have fomd to effect. The proeng study mvestigated @ie effect of stre-
chmm-xﬂaﬂmcmd:—hﬂmﬂ-“daﬂ-mlm
pa ) or a Speand (wafood parila) eatsfe. On teo different mights both e Rehas and
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Drimi food Rabian munc was played on coe mght and Spusish on anther. The sumber of people who dine the
" —— two eatrees was recorded on both sights. i addenn, the hodomic ratings of the oo ety were
Congmmcy ubtaned when ether congruent or sscongruent s was beiag played dunng the meal. On beth mighes
Likey more praple chose the chicken panmeen than chese the seafood pastls. However, there was 2 sipuificat
effect of e muse on food chowe. A ugificantly propoction of dmen sk d the paells oves the
checkrn pamein oo the oght whes the Sparsh mmos was played (345 thas o the gt when the
Malian muas wa played (175) There win mo effect af the type of sunic an liking for the food, pasibtly

becaswe the munic was not 4 koud wheee Sners were ratiag & wheoe they orderod.
£ 2018 Ehevier Lo Al nights seserved.
1. Introduction o & is mappropriate. Pacrons sraght expect, and enjoy hearing, reg-

Music i a pat of the “ambience™ of 3 sestaurant, Aong with the
Gdoor, Ighuing, temperature, and other envircamental compo-
nents. Rocent research has found hat the choice of music played
0 2 pestaurans might have a sigaaficant impact on the diners o 2
oumber of ways For esample, music das been found 1o affect
speed of catieg (Caldweil & Hibberr, 2002 Milliman 1988,
Robaliey et al. 1985). In addition, classical mesic increases the
amoent of money disers spend oa food (Noah & Hagreaves,
1998, Noath, Shikock, & Hargreaves, 2003)

The perceived pleasantness of food ca also be affeced by
meic. n generd food & rated a5 mare pleasant wihen &t i con-
sumed while Istening 10 mesic the subject rates as pleasant aad
food & raced as less pleasant when consumed while listening o
enpleasant music (Kanwoo oo o, 2015 2016} However, what
ki & considered pleasant might be conresxa specific. Music that
& pleasant in 2 sighrcled might not be pleasant in a coffee howse.
In a similar wein, 2 cemain type of music neght be pleasant it is
appropriate for the restaarant in which it Is played but unpleasant

* Conmponding sator & Dep ol oy S
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fae music in 2 Jamalcan restaurant bt not in 2 French restaarant.
These contextual prefevences hased on ethnicity mighe affect liking
for the food consumed while listening 5o that mwsic. Listening 1o
Bob Marley might make jerk chicken taste betrer but €og au vin
taite worse. That is, of the music in 2 restasrant is echnically con-
gruent with the food served, then liking for thas food might be
enhanced.

In addition 1o alfecting how much a food is liked, hearing 2 par-
ticular kind of music prioc to consumption of food i a restaurant
might also affect food choice. Patross might be peedispased
choose food that is congruent with the music belng played. The
findiegs that moce expersive food and wine are chosen when clas-
sical music is belng plaped [Areni & Xim, 1993; Noch &
Hargreaves, 1998) might be examples of such an effect. Thinking
than classical music is associared with having a Jot of money msght
kead one 1o choose food that one imagines weuld be eaten by peo-
ple who listen so such music (Le., the mare expensive things on the
menul

A simdar predisposithon might oocur with ethnic massic which
meght call o mind otder aspects of that particular celture (Le.,
priming of thar culture would occur) In research  (Bell,
Metscloun, Mersoa, & Reeve. 1994) conducted in 2 restasrant,
environmental ooes other than mesic [Le., an ltalian ddcor and ltal-
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Introduction to the Special Issue on Auditory
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1. Introduction

What we hear before and/or while we cat/dnink affects our taste/flavour ex-
periences, cven if we don't realize it. While there has been a long history of
sensory science rescarch investigating the impact of food sounds during con-
sumption (Zampini and Spence, 2004; see Spence, 2015, for a review), the
focus of this special issue is rather on the product-extrinsic. or contextual/sit-
uational, cues such as music and ambient soundscapes, that have also been
shown to influence what we expect. what we choose to buy/order in shops,
restaurants. cafes, and bars, and how satisfied we are, as well as the perception
we have of what we cat and drink (c.g., Biswas ef al., 2018; Feinstein et al.,
2002; Novak et al., 2010; Septianto, 2016: Spence, 2012: Zellner e al.. 2017).

Onec arca of particular interest for the present Special Issue relates to the
recent emergence of a body of literature on the topic of ‘sonic scasoning’
(Spence, 2017): This is where music/soundscapes are especially chosen, or
else designed/composed. in order to correspond to, and hence hopefully to
modify, the associated taste/aroma/mouthfecl/flavour in food and beverages
(e.g.. Crisinel er al.. 2012; Reinoso Carvalho et al., 2015; Wang and Spence,
2016). Sonic seasoning. then, represents one strand of research on crossmodal
comrespondences (see Spence, 2011, for a review). Interesting questions here

* To whom comespondence should be addressed. E-mail: charfes spence @ psy.ox.ac.uk

® Kemirklijhe Brill NV, Leaden, 2019 DOEHLI6 V22138808 324 500FW
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The influence of oral health on patients” food perception: a

systematic review
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summany Oral  food perception  depemdds on
somatosensory information that inclodes taste and
can be modified by oral components and/or
functions such as mastication. The purpose of this
siudy was o describe the interplay beiween oral
health, mastication and taste. A review according to
the Preferred Reporting Items  for  Systematic
Reviews amd Meta-Analyses checklist  was
conducted on 615 publications found by both
PubMed and backward research. Thirty-one studies
have been included. The resulis showed that the
decline in taste ability observed during the healthy
ageing process could he potentiated by the
deterioration of oral health and poor oral hyglene.
Prosthetic treatment could modify taste abilivy and
oral food perception. A palatal coverimg with

remavable dentures can have an impact on taste
perception which may depend on taste madality.
During the mastication sequence, tasie s apparently
scaitered throughowt the oral cawvity, probably
through saliva. The deterdoration of masticatory
function modifies taste perception. Oral health and
oral care should consider factors Influencing
patients” food percepilon and relatbons between
taste and mastication. Therefore, dentisis may
modulate these factors 1o improve food perception
anid patients” eating pleasure and quality of life.
EDVWoRDs: taste, oral food perception. oral health,
prosthodontic treatments, chewing. review

Accepied for publication & June 20017

Introduction

The goal of the deniisi was 0 contribute sowards
maintaining good ol health and effecive masicatory
function. Some studies have shown a relaionship
between taste and ol health, between taste and pros
thetic treastment and between taste and mastication. It
im still diffcult, however, to obtain dear understanding
regarding these topics. A systematic review is needed.
The objecive of this sudy was to describe the inter
play between oral health amd care, mastication and
fend perception through taste and somatosensory sen
sibility. It focuses on the oral parameters influencoed by
dental care and suspeced 1o interfere with feod per
ception. The other faciors shown in Fig. 1 are less
likely 10 be influenced by dental work and have not
been considered. Conssquently, better understanding
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of the mole of the dentist in maintaining taste and oral
fend perception is expected

Three approaches were determined according o the
Prefemed Reporting lems for Systematic Reviews and
Meta-Analyses  (FRISMA} (1} The first
explored the impact of oral health and oral hygiene
on faste. The second section fcused on the potential
rale of prostheses, especially palatal coverage, in taste,
including the interplay between food perception and
prosthesis.  Fimally, the third seaion explored the

SOCIIN

imteractions betwesn taste and MGGy huncion.

Materlals and method

A thorough seanch of the Brerature was conduwcaed wsing
the MEDLINE database |via PubMed), and a sysiematic
review acconding 1o the PRISMA checklist was applied.



Factors contributing to bone conduction: The outer ear
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The ear canal sownd pressure and the malless wmbo velecity with bone conduction 1BC) siinvalstion
were metvared in nime cars from five cadasver heads im the frequency range 0.1 w0 10 kHz The
measurements were conducied with both open and cccluded ear canals, befone mmed afier resection of
ther loweer jow. in & cemal with the camilage and soft beues removed, ond with dee pympanic
meenbaume {Th) removed. The sound pressere wis about 10 dB grester in on intact ear canal than
when the cartilage part of de camal bad been removed. The ceclusion effect was close w20 dB for
e lvw requencics in an imact ear comal; this effert dinvimished with sectioning of the camal Ax
higher frequencies, the resonance propenies of the ear canal determined the effect of oochading the
car canal. Sectoming of the lower jow did not significestly aher the soend pressure in the ear cansd.
The scund redisted from the TM inte e car canal was investignied in four sempoml bone
specimers; this sownd is signifcantly lower than e sound presoene i e intwet ear canal with BC
stimulation. The mallews wmbo vebocity with sir conduction siinvalation was imvestigated in nine
temporal bone specimess and compared with the embo velocity obtsined with BC stismalation in the
cadaver hemds. The results showe that for o normal open car canal, the sowed pressure im e car canal
with BC stimulation is not significes for BC hearing. At threshold levels ond for frequencies below
T kHz, the somnd im the ear canal coused by BC stmulation is abow 10 dB. lower than xir conduction
beaning thresholds; shis difference incremses @1 higher frequencies. However, with de ear canzl
cecluded. BC hesring is domingied by the sound presswre in the outer ear camal for frequencies
berween 004 and 122 kHz. © 300 deowricnd Sociery of dmerice.  [DH00: 1001120011 553606)

PACE nunshers: 4364 Bi, 43.64.Ha, 43.66.Ba [LHC]

L INTRODUCTION bezamimg sensation: this is termed BC sowned or beanng by BC.
The BC sownd makes the skull vibrate relative o the sur-
rounding ar, which causes the ssmounding air o be com-

pressed and expanded, and an air-bome sownd s redisved

Hearing by bone conduction & o physical phesomensn
can ke divided imio thees general roules (Tonndorf, |966):

{1} the sound redisied mio the exiernal ear canal, iemmed e
OSECOYMmIC roule,

12) compression and expansion of e peirous bone, which
rezults in displicensent of flwid inte the cochles and, oo
sogeenthy, hasiler membmane motion, and

{3) the inertial effiect of the middle car ossicles med the inner
ear fluids.

It i the first route that is the scope of this investigntion. in
particulor the differes pans of the extemal car (canilage and
soft tssue pan of the canal, bony part of the cemal, md e
tympamic mensbaane] which contribeate o the soand radiotion
i the external ear cenal. Moreover, the influence of e
sound radiaved a0 the extermal cor cansl on the oml BC
beearing is estimated.

When the head is subjected to 6 vibration, the vibration
is transmised 1o the temporal bone of the skull and casses a

th‘mﬂm{mm
E i—llt';‘i-ﬂ-d:i:rﬂ. Ywedm  Hecrosic  mail

'?mhﬂrprh:-nfﬂnlnlr&ﬁqq Kamer Porma-
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S0E 4 Aol Sec Am. T3 (2], Februany 2005 GO0 132 PR 10.00
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from the skull. Similarly, with BC stinvelation, an sir-honme
soemnd is setup i the extemal ear canal The slighs difference
between the sound radiated o the air sunoundisg the head
and inte the ear canal is that the car camal iself is com-
pressed and expanded frem the shall vibrations; this disior-
tion of the ear canal walls & the source of the mdiaied sound
in the external ear conal

Sovrd radistion ints the car cansl with BC stinvalanion is
well known and has been repomed exensively im e liners-
ture. Berthold was ane of the first o objectively present this
phenosienon; he used o microphonic flame o show the al-
termating air pressure in thee car canel when & BC sound was
presemted to the skull (Barmy, 1938). Loles, exiessive inves-
tigations of car camal sound pressure with BC stimulation
were reporiad (Bindny, 1935, Huizming, 1960; Békésy, 1960,
Elpern and Maunton, 1963; Tosmdord, 1966; Khanna o af.,
15Tl

Conflicting theories and resabs on the infuence of the
cor canal sound pressure (ECSP) on hearing by BC hawve
been repored. Wever ond Lowrence | 1954) descnibe the
cesen-tymapanic stimulation with BC as secondary 1o the in-
ertinl or compressional mode of BC stisvalstion. Kirikes
{193%) smied that inertial effects dominme low-frequensy
BC hesrng ond compressional effects domminate  high-

20035 Acsustnl Sochady of Sfaiica
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Kazen i WA, Careiriaschs MHD (ads): Implaniaide Bore Conducion Haarng Ak

Adv Oaorhinolarrepsl. Batal, Karger, 2001, val 71, g 10-21

Acoustic and Physiologic Aspects of Bone

Conduction Hearing

Stefan Stenfelt

Dwspartersadil of Chnisal and Expirirnistal Mediing, LinkGpieg Unferily, LinkSpng, Seaaden

Albstract
Bome condwuction (8C) i the way sound enengy i trans-
mitted bey thee skull bones to the cochlea causing a sound
percepion. Even i the BC sound transmission involves
seweral pathways including scund pressure induced in the
«ar canal, inertial forces acting on the middle ear ossiches
and cochlear Suids, alberation of the cochlear space, and
pressune trarsmission through the 3rd window of the
coechiea, the BE sound ult mately produces awave motion
on the basilar membsane similar 1o that of ar-conducted
sourd. The efficiency of the BC stmulation |5 largely
deperdent o the sk | bonewhersthe skull actsasargid
body at low frequencies and incorporates different types
of wise trarsmission at higher frequencies. Thie interau-
ral stimadation difference s determined by the difference
between contralateral and ipsilateral BE soumnd transmis-
sian: the trarscranial BC sound trarsmission. To benefit
from biraural processing, the transoanial tranemission
shiould b bow, while the same should be high whenusing
BL hearing alds for unilateral deaf subjects. By appeopn-
ately positioning the stimalatian, high or kow transoranial
transmission can be achieved.
Cnpyright & 2071 4 Karger A, Bl

The conventional way of auditory stimulation isby

an airborne sound that is transmitted through the
ear canal, where it induces mechanical vibrations

33

in the eardrum that are transmitted via the mid-
dle ear ossicles and become a sound pressure in
the cochlea (scala vestibuli). This sound pressure
acts on the basilar membrane producing a travel-
ing wave that excites the sensory cells in the organ
of Corti causing an anditory sensation. Bone con-
dhwctiom hza.l.'.i.nﬂ;:i.!.whzn the sound is transmitted
I:|'.||.1:|L15]1 the skull bone, mﬂaF,ﬁhmdinﬁii:-
sue, and fluids in the body, ultimately resulting
in 2 sound pressure in the cochlear scalae. This
type of sound transmission is sometimes divid-
ed between body conduction and bone comnduc-
tion, where the latter i only sounds transmitted
in the skull bone. Here, for simplicity, both body
and bone conduction will be referred to as bone
conduction and abbreviated B

Clinical Measurements using Bone
Conduction

l..'nthrsland.i:nﬁ the processes of BC sound was
early driven by ils use for differential diaﬁ,nu-:i:
between conductive and sensorineural hearing
loss. In the 19th century, the usage of the tuning
fork provided tesis as Weber test and Kinne test
[1]. Adter the introduction of the audiometer and
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Hearing and stomatognathic system: Searching for a link
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Weeda Meowi ko Ky Abstract

Eral ool Acoustic wibrations reach the inner ear fluds in 3 imegral wiys: through the air, bone, and soft tsase.
The final stimalation of the heanng receptor & recognized 25 the rsult of vanous Interactions appearing

.":h’“ml between them. Alr conduction is best descnbad as the most effident mode of auditory stimalation
Seft tssee and bane onduction (nduding dentausal heanng), being fregquently undesestimated In the
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"“"‘::‘i% This review presents 2 hypotests and supporing literatuse review that dental dsorders may contribute

Acoegted sa Scisber 14,017 o disurhances In the excianion andfee the transmissicn of wirasons thizugh e bore 1o the hearing
receptot Dissocaion in the elationship besween stimull reaching the cochilea smultaneously in 3 modes
may hawe 3 negative mpact on hearing acuity.
Key words: bone conduction, acoustic stimuision, dentition
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Mot Just Another Pint! The Role of Emotion Induced by
Music on the Consumer’s Tasting Experience

Felipe Reinoso-Carvalho ', Silvana Dakduk '. Johan Wagemans * and
Charles Spence '

! School of Management., Universidad de bos Andes, Calle 21 # 1.20, Edificio S[k. Room
S, Bogotd, Colomhbia
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Lewven B-300H, Belgium
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Feceived 5 December 2018; accepied 27 February 2019

Ahstract

We inircdoce a novel methodology to assess the influence of the emation induced by lisiening 0 mu-
=i¢ an the consmmeer’s multisensory asting expenence. These crossmodal effects were analyzed when
W0 comrasting music tracks (positive v= negative emotion) were presenied io consumers while tnst-
ing bheer. The results suggest that the emalional reactions triggered by the mosic influenced specific
aspects of the malbsensary tasting experience. Participanis bked the beer maore, and raied i & iasting
sweeter, when listening 1o music associsted with psitive emotion. The same beer was rated as moare
hiiter, with higher alcolwol content, and & having maore body, when the participants lisiened o music
aszocialed with negalive emsation. Moreover, panticipants were willing o pay 7-8% more for the heer
that was tasted while they Hstened so positive msic. This novel methadology was subsequently repli-
caied with two differend styles of beer. These resulis are discussed along with practical implications
comceming the way im which music can add significand value 1o how a consumer responds io a bramd.

Keywords
Beer. flavor, music, crossmodal commespondences, sensary marketing. multizensory

"To whom comespondence should be  addressed. E-mail:  freincsoc®wmiandes edu.co;
{_sound @ gmailcom

12 & Kaminklijke Erill MY, Leaden, 2019 RO [ 0 DRET | - 20071 374
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Blending Emotions and Cross-Modality in Sonic
Seasoning: Towards Greater Applicability in the
Design of Multisensory Food Experiences
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Abstrack Sondc scasoning refers o the way in which music can imfluence mulbisenenry tasting
cuperienoes. To dake, the majority of the research on sonic seasoning has been conducted in Furope or
the LS, typically in a within-participants experimental contest. In the present study, we assessed
the applicability of senic seasoning in a large-scale between-participants setting in Asia. A sample
of 1411 participants tasted one sample of chocolate while listening to a song that evaoked a specific
combination of cross-modal and emotional consequences. The results revealed that the muesic’s
cmobional character had a more prominent effect than its cross-modally comesponding attribubes
on the mulfisensory tasting cxperience. Participants expressed a higher buying intention for the
chocolate and rated it 2z having a softer texture when Bstendng to maindy positive (as compared
to mainly negative) music. The chocolabes. were rated 25 having a more indense flavor amongst
thase participants lstening to “softer ' as compared o Tharder’ music. Therefore, the present study
demanstrates that music is capable of riggering a combination of specific cross-modal and emotional
cifects in the muoltisemsory tasting expenence of a chooolabe.

Keywords: Bayesian; aross-modal; emaobions; multisensory; sonic seasoning; tasing

1. Intreduction

Lonic seasoning refers to music or soundscapes that have been selected, or else deliberabely
produced, in order ta trigger specific effects an the multisensory asting experience | 1=4]. The approach
derives from the frameswork of research on the cross-modal comespendences, which points to the:
majority of people bending bo shane sysbematic associations befween featunes, attribubes, or dimensions
of experiences across the senses [5). [n this conbext, think, for example, of associabing the high pitch of
a sound with small size, or high devation [5,.7]. Music is, infact, a rich producton process imvalving
a mix of gpecific anditory elements that are combined during composition (e_g,., frequency anges,
pitch, tempoe and boudness, amongst many ofther attributes). Thuos, there may be several aoditory
features/dimensions that can be associated with elements from a wide range of possible tastes and
flaswors in acusiomized fashion. Such mulbsensory costomization poientially allews for the modulation
or modification of the consomers” expenence of particular atribobes of fooed and drind.

Mlusical teenpao, for instance, has been shown to afiect pleasuee and arousal [2], while also affecting
thie tasting experienor and shopping bebavior |%). Furthermaore, the speed at which people eat and

Frouda 3 & 1038 der i1 ol el 1180w srtamas Frabr o v e Foeads

37



14.

Apprtrs 00 "I0100 244221

Comants lists available at ScionceDirect

Appetite

journal hamapage: www elsevier com/locate/appel

ELSEVIER

Listening to music can influence hedonic and sensory perceptions of
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ARTICLE INFO ABSTRACT

Asticle bareey: The dominant tste sessatons of three ddfeseat types of chocolate gelatl (milk chocolate, dark chocolate,
Recetwed W Joby 2003 and bimervweet chocolate) wese determined wiing forty five trained pancllists exposed 1o 4 sikent
Recered &2 revieed forme reference condition and thiee music samples differsay in hedonic ratings. The qunul dominance ef
15 Pubsmury ZNEG sematioss (TOS) methed was wsed 1o al taste p jomal states of

P

panelists were mesiered after each gelati-snusic purisg wiing 4 sah sptlaly developed for thas
stidy. The TDS differesce curves showed sgnificant differences Betwoes el samples and music
conditions (p < 005) Swoetness wis perceived moce dominant whes neutral and Sked swesic were

::‘ played, wide Bittersss wic more dossindet for dislitod musac. A point Canosical Viriate Analysis (CVA)
Calats Further explaned the vasiabibty in sessory asd emotion data The fiest and secoad dimensions explaned
Befion 78X of e varance, with the fist danession separating Bked and dishhed musc and the woond
Tawe dinession separating liked music and sdence. Celati Samples corsned while litening 1o liked and
paral of seunral mesic Bad posiive scones, and were sepatated from hase conmaned ender the daliked music
Congrasecy condition alosg uw St danession. Ulked sesic and disliked U were further corselaned with positive
and negatve ty. Feadings isdicate that li 1 0 Stesic andll od the hodonic aad
Serrary impueisions of rh el

© 2016 Bsevier Lul AN rights seserved

1. Introduction {Sagw & Ward, 20061

How people experience food Is largely determined by the gus.
tatory and olfactory senses (Ramirez, Martinez, Fernandez, Coetl
flielsa, & Fanina 2010). However, beyond the dominance of tasse
and smell there are other sensory systems contributing to food
perception, including the trigeminal, visual, tactile, and auditory
systems. This mueltisensory nature of food percepticn Is an on-going
area of enquiry, and while it has yet to be determined how diverse
sensory dimensions integrate (Sester et al, 2013), stodies on cross-
modal sensocy integration suggest that ane sensory modality can
ephance the response of another If both are active concurrently

* Commponding sathor Schoal of Appled Ascklmd of
Technology, 34 5t Paed Seeet. Auckland, 010 New Zedand.
Z-mad address: ructma b Sammieast ac re (N Meesd |

et e oeg W06 ) sppet 201502 743
01950080 2016 Cherwier Lod. AR nghts reverwnd.
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When considesing cross-modal sensory interactions in the food
sciences, the most often overlcoked modality is audition (Spence &
Shankar, 2030), which & unfortunate, as for most people food Is
rarely consumed in silence. Indeed, the sonic background in which
we consume our food has been shown to Infleence our food cholces
(Strosbele & De Castra, 2004) a5 well as rate of cons:
identification, and hedonic experiences (Spence & Shankac 20100
However, while 3 number of cross-modal intesactions have been
reported in the literature, Including taste and odour; flavour and
irritatson, and; favour and colour [Lawless & Heymann 1999)
comparatively less & known about the effect of the auditory mo-
dality on food perception. Of the few studies reported in the liter-
ature, interactions between pitch of musical instrument and five
hasic tastes of food names (Crisingl & Speoce. 2009), flavours aof
chocolate mulk with varying fat content (Crisinel & Spence, 2011
and pleasantness ratings of chocolate (Crisinel & Spence, 2012)
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Extrinsic Auditory Contributions to Food Perception &
Consumer Behaviour: an Interdisciplinary Review
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Alhsiract

Food product-exirinsic sounds (i.e.. those soditory stimudi that are not Enked direcily 0 8 food ar bey.
erape product, or its packaging p have been shown io exer a significant imfloence over vanous apects
al food perception and consumer behaviour, often operating outside of conscions awarensss. In this
review, we summarise the lstest evidence concemning the vanous ways in which what we hear can in-
fluence what we tasie. According to one line of empincal research, background noise imerferes with
teiimg, due io arientonal disirmction. A separate body of marketing:relevani research demorsiraies
thai music can be used o biss consamers” food perception, ppdgments, and purchasing/comsumpiion
helaviour in varioas ways. Some of these effects appear to be driven by the arousal eliciied by boud
music a5 well as the entrminment of people’s hehaviowr 1o the musical bes. However, semantic prim-
ing effecis linked fo the type and style of music are also relevant. Another roaie by which music
influences food perception comes from the observabion that our liking'preference for the masic thai
we happen to be listening 1o carries over to influence our hedonic pedgmenis of what we are tasting.
A final rowie by which heanng influences tasting relates to the emerging field of “sonic seasoning”.
A developing body of research now demonsiraies thai people ofien mie insting experiences differ-
emtly when lisiening so soundiracks that have been designed 1o be (or are chosen because they are)
congroent with specific flavour experiences (e.g., when compared 1o when lisiening to other sound.
tracks, or els= when iasting in silence ). Taken together, soch resulis kead o the growing realabon
that the crossmoda] mfwences of music and noize on food perception and consumer hehaviour may
have some mmportani if. a5 yei, unrecognized implications for puhlic healih.

* T wheom comespondence should be addressed. E-mail: charles spence @ psy.ox_oc.uk
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*Striking a Sour Note': Assessing the Influence of
Consonant and Dissonant Music on Taste Perception

Oian (Janice) Wang * and Charles Spence

Crossmodal Eesearch Laboratory, Department of Experimental Psychology,
University of Oxford, South Parks Foad, Oxford. OX1 300, UK

Eeceived 23 December 2014: accepted 21 April 2005

Ahsiract

We report two experiments designed o investigaie the consequences of manipulating the harmanic
comient of background mesic on inste perception. The paricipani= in the present siudy evaluaied
samples of mined fnuii poice whilst listening #o soundiracks that had either been harmonised wath
corsomant or dissonant masical intervals. Each sample of juice was rated an three computer-based
scales: (ne scale was anchored with the words soar and sweet, while the other two scales mvolved
hedonic ratings of the music and of the puice. The resulis of an internet-based pre-test revealed thai
participants reliahly associated the consonant scandimcks with sweetness and the dissonant sound-
tracks with spumness. The results of the on-site experiments demonstraled that panticipants rated the
Juices s tasiing significanily sweeter in the consonand than in the dissonant masic condition, imespec-
tive of the melody or instromeniation that were evaloated. These resulis therefore provide empirical
suppan for the claim that the oressmodal comespondence between a higher kevel mosical aitribure
i{namely, harmony ) and basic tasie can be uwsed to modify the evaluation of the taste of a drink.

Keywords
Crossmiodal correspondences. hammony, taste, hedonic correspondences

1. Introduction

In recent vears, a growing number of rescarchers have become increasingly
interested in studying the role of the various crossmodal correspondences that
exist between sound and taste/flavour in shaping our gustatory experiences.
A large and still expanding list of correspondences have now been documented
between specific sound and taste attnbutes — such as, for example, between
high pitch and sweetness, or low pitch and bittemess (e.g.. Bronner er al.,

* To whom comrespondence shoubd be addressed. E-mail:- gianwang @ psy.ox.ac.uk

& Kuminklijhe Birill 2, Leaden, 2015 ML 32T - 000 Ls0s
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“A sweet smile™: the modulatory role of emotion in how extrinsic factors

influence taste evaluation
(Han (Jamice) Wang and Charles Spence

Crossmodal Reseaech Laboratory, Department of Experimental Prpchology, Unkeersity of Cedord, Gedoed, UK

AEEITRACT

It has recently been demonishrated that the tastes Mavours of foodbeverages
can be modulated by means of external visual ard auditony stimubl such 25 typeface,
shapes, and mussc. The present study was designed to assess the role of the ematsanal
walence of the product-extrirsic sbmuli in such crossmodal modulations of taste.
Patidpants evaluated samples of mined fruit juice whilst simultaneowsly being
presented with auditony ar visual sbmuli haveng either paositive or regative valence.
The soundiracks had either been harmorssed with consonant [positve valence) or
dissonant (negatree valence] musical ntenalk. The visual stimull consisted of
mages of emotional faces from the Internatonal Affective Picture System {LAFS)
with walence ratings maiched 1o the soundiracks. Each juice sample was mbed on
two computer-based scales: Ore anchored with the words sour and sweet, while
the other scale reqguired hedonic mbngs. Those participants whio tasted the juice

ARTICLE HISTORY
Rascaivendl 5 Jua 2017
Rerdsed 3 Seprombar 2117
Aoptind 11 Seprembsr 2017
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. These results suggest that the emotioral valence of

food-eatrirsic simuli can play a roke in shaping food flawour evaluation and liking.

Recently, various studies hawe stated to demonstrate
robust associations between tasteflavowr aftnbutes
and exfernal wisual (see Welasco, Salgado-Montsjo,
Marmolejo-Ramos, & Spence, 2014, for & review] =
well as awditory stimuli [see KEndfeds & Spence, 3013,
far & review]. For nstance, sweetness and swest-
tasting foods tend to be assodsted with rounded
typeface and packaging shapes, softer spesch
sounds, and harmonically consonant music; whereas
sowmess is associsted wath angular typeface and
packaging shapes, sharper speech scunds, and har-
monically dissonant music  [Knoeferks,  Woods,
Kippler, & Spence, 2005 Mesz, Trevisan, & Sigman,
A11; Hgo et al, 201%; Sslgado-Montejo =t al, 3015a;
Welasco et al, 2014; Velasco, Woods, Hyndman, &
Spence, 2005). Beyond mere sssocistions, kaking at
curved shapes has been demonstrated to enhance
sweet sensitivity compared to angular shapes {Liang
et al, 2016; Liarsg, Roy, Chen, & Zhang, 200 3] Similary,
listening to soundtracks with auditory attributes that

cormespond to sweetness [Wang, Woods, & Spence.
25} can alter the reported level of sweetness of
the food itself {e.g. Crisinel et al., 2012; Reincso Car-
vallba, Wang, wan Ee, & Spence. 3016 Reinoso Car-
valba, Wang, wan Ee, Persoone, & Spence, 2017;
Spence, Velasco, & Knosferde, 2014; Wang, Keller, &
Spence, 2017).

While the mechanismis] undesdying this taste
modulstion effect islare) &5 pet unknown, one possi-
bility s that the wvisual and auditory cues are
somehow priming {or triggering) certain emmations in
the mind of the participant. Consequently, the partici-
pamis mighit then transfer thess emotions to the foodf
drink that they happen o the tasting. For instance, we
recently demonstrated that harmonic consonance
wias associated with swestness whereas harmaonic dis-
sonance was associabed with soumness nstead Wang
& Spence, 2006, Furthermare, partipants in that
study rated the same juice micture 2 sweeter or
more sowr [and also maore or ks liked) depending

COMTACT Chan {Rarviced) Wang (23 gianwaing spsy.oac i
& 2017 imlzara LK Limided, fredieg n Teyior & Frasch Loup
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The Role of Sound Congruency on Ethnic Menu ltem
Selection and Price Expectations
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ABSTRACT ARTHCLE HISTORY

Earier research corsidened ethnic WETSUS | Rucaivead 31 March 2015

miusic; this study extended uhmwmm Rirasid 2 Sepaerber H01E

impacts. of ethnic congruent music, ethnic incongruent music Accapsad 1 October 2015

ard restaurant backgeound sounds on the dining experience. EEYWORDS

Additionally, it extends earier research consdenng the impact  coguuency ethnic foed.

mn'rrru.irl'l:n'n :dl-l:ﬂ-unFlnd prlu-nplmmllsd:h.und an the wihiee mesic Hakian o
af musicsound. Findings indicated m CcongQruence meny welemion, Tha cusing
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practitioners and researchers. Ralian folk music ncreased Halian
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Introduction

The notion that restaurants strive to create an atmosphere that attracts custo-
meers through a process intended to meet and exceed customer expectations is
not a new one. Earlier research has shown a connection among atmosphere and
consumer behaviors such as customer satisfaction, customer lovalty, and posi-
tive word-of-mouth (Kristensen, Martensen, & Gronholdt, 199% Robinson,
Abbott, & Shoemaker, 2005). What s unclear are the specific strategies that
should be implemented to create the right dining atmosphere to enhance the
guest experience leading to beneficial outcomes such as more profitable menu
itern selection, increased sales, word-of-mouth and lovalty.

Music and sound are considered interior variables of the atmosphere that
impact the dining experience ( Edwards & Gustafsson, 2008). Earlier research has
demonstrated numerous effects of music including its impact on perceptions of
the restaurant’s environment, consumer behavior, and spending patterns
(Harrington, Ottenbacher, & Treuter, 2015). Further, it was determined that
plaving music had a positive impact on the restaurant patron’s attitudes and
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Adiarcias, HOEC) 1B, Fayatuila, AR 71704, USA
30T Tayior & Frares

42



19.

BRILL Mulnisensory Research 32 (2019) 1-24 brill ocen /s

Having a Drink with Tchaikovsky: The Crossmodal
Influence of Background Music on the Taste of Beverages
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Abstract

Previous research has shown that suditory cues can mfluence the flavor of food and dnnk. For in-
stance, wine tastes better when prefesred music is played. We have mvestigated whether a music
hackground can modify judgments of the specific flavor pattem of a beverage, as opposed to mere
preference. This was indeed the case. We explored the nature of this crosstalk between aoditory and
pustatory perception, and hypothesized that the “flavor” of the background music carmes over to the
perceived flavor (i.e., descriptive and evaluative aspects) of beverages. First. we collected ratings
of the subjective flavor of different music peces. Then we used a between-subjects design to cross
the music backgrounds with taste evalmtions of several beverages. Participants tasted four differ-
ent samples of beverages under two contrasting audio conditions and rated their taste experiences.
The emotional flavor of the masic had the hypothesized effects on the flavor of the beverages We
also hypothesized that such an effect would be stromger for music novices than for masic expers,
and weaker for aqueous salutions than for wines. However, neither music expertise nor hiquad type
produced additional effects. We discuss implications of this sadio-gustatory interaction.

Keywords

Crossmodal correspondences, multisensory perception, auditory-gustatory interaction, background

1. Introduction

When talking about the culinary delights we experienced on a vacation, we
tend to describe not only the gustatory properties of food and drinks we con-
sumed. but we likewise describe the romantic ambient light at sunset, the
fantastic jazz combo that played in the background, and the heavy crystal
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Ahsiract

This stady aimed o determine whether piich. tempa, and volume bevels of music stimali affec sen-
sary perception and accepance of foods. A traditional music piece was arranged mio versions at two
pilches, two tempos, and two yolumes. For esch session, chocolate and belll peppers were presented
for consumpiion under three sound conditions: | wpper or 2) lower level with respedt o each of
the three music elements, and ) silence. Orver three sessions. panticipants evaluated flavor intensity,
plemanine s of favor. texiure impression, and overall impression of food samples, in addition to the
plemsaniness and stimalation evoked by the music stimuli. Resuolis showed that lower-pitched and
louder music stimuli increased hedonic impressions of foods compared 1o their respective counster-
parts andfor the silem condition. While the effects of music slement kevels on hedonic impressions
differed with the type of food consumed, the participants liked the foods meore when music stim-
uli were perceived as more pleasant and stimnulating. Flavor was perceived as more intense when
participants were more stimmlated by the music samples. Ahhough a specific ebement of music stim-
uli wax manipulated, perceptions of other elemems also varied, leading 1o large vanations in the
music-evoked pleasantness and simmulation. In conclusion, the findings provide empinical evidence
thai hed onic impressions of foods may be mfloenced by emotions evoked by music selections varying
in music element levels, bat it should be also noied that the mfeences were food-dependent and not
pronounced

Kevwords

Music, pitch, tempo, volume, acceplance, favaor, texiure
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High-Tempo and Stinky: High Arousal Sound-Odor
Congruence Affects Product Memory

Marijn Peters Rit. Ilja Croijmans ' * and Laura J. Speed "

! Faculty of Social and Behavioural Sciences, Utrecht University, The Netherlands
* Department of Psychology, University of York, UK
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Abstract

The tendency o match different sensory modalities together can be beneficial for marketing. Here
we assessed the effect of sound-odor congruence on people’s attitude and memory for products of
2 familiar and unfamiliar brand. Participants smelled high- and low-arousal odors and then saw an
advertisemnent for 2 product of a familiar or unfamiliar brand, paired with a high- or low-arousal jingle.
Participants™ attitude towards the advertisement, the advertised product, and the product’s brand was
measured, as well as memoary for the product. In general, no sound-odor congruence effect was found
on attitude, irespective of brand familianty. However, congruence was found to affect recognation:
when a high-arwsal odor and a high-arousal sound were combined, participants recognized products
faster than in the other conditions. In additicn, familiar brands were recognized faster than unfamiliar
brands, bat only when sound or odor arousal was high. This stady provides insight into the possible
applications of sound-odor congruence for marketing by demonstrating its potential to mfluence
product memory.

Kevwords

Crossmocdal congruence, arousal, attitude, product memory, brand. sound, odor

1. Introduction

Whether it is a bottle of cola, a request for charity money, or a picture por-
traying the perfect car, we are exposed to various forms of advertising every
day. Advertisements have become part of our daily lives (Dyer, 1982). Be-
cause of technological developments like the internet and social media. one

* Agthors contributed equally to this work
™ To whom comrespondence should be addressed. E-mail: lasura speed @ york.ac.uk
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Tribology and its growing use toward the study of food oral
processing and sensory perception
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Impact of Oil-in-Water Emulsion Composition and Preparation
Method on Emulsion Physical Properties and Friction Behaviors
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Abstragi Emulsioss have been used as 2 model food
systems for many stedies on food bebavior, includisg -
bological spadies. Several smdies bave examined the effect
of far content and emulsifer on emulsion friction behavicr,
however, other emulsion parameters such & lonic strength,
pH, and homogenizaticm pressure have received limke
afienticn in the leramre. Addizionzlly, emulsion frictiom
meaearements ae gencmally compared o seseory  dola
raher than physicel propeny dsua. Thus, @ objective of
this sy was o investigme the effect of vanous emilsion
parmeiers on emilsion phvsical properies sed rheologicsl
and friction behswior. Emulsion seh content, pH, sed
homogenizason pressure all affected fricoon behavior,
with specific effects depesden o the emulsifying prosein.
All emalsions showed redeced friction coefficion with
imcreased dul conlem. Emulsion eological bebavior was
nid sirengly impacied by chasges in the emalsion param-
clers. Changing emulsiom pH had the strongest effent om
emulsion physicel propemies. The results of ths soedy
suggest thal wibology may be eed o develop o " Bmger-
print™ for emulsioes prepared usisg different paramnssiers,
allowing improved differenpission of these emulsions

compared o maditicnal reomery.
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1 Imirodsction

Emulsions are used in many commercial food producs.
Developing emulsions with redeced far bul sensory eomese
similar o fall-far emulsions bas been & major challesge for
industry |1, 2] and iz o subjeot thet bas received cociderble
atiention in food research. Fan replecers con provade bulk, ke
often give endeamble sensory properties w the emulson
Although lower-fa cmalsions can be designed iobave similar
rheslngical behavior o their full-fan cosnterpans, they ofien
differ in sersory texture [3]. Generally, a smooth, cresmy
mauthiee] is cosdered desirable for mmemulsion: fa replacers
sy ned provide s mosddee]. It bas been showm tha tradi-
thonal thenmetry is insefficient (o describe envaloon ieuee s
measured by a semsnry pansl [2, 4. Auddiviceal informaton is
neadend 8o fully descrnibe emulsion lexnere and s in the
development of lrwer-fol emabacns with desiable lexares.

Tribalogy bas been sugpesed as o possible technige: 1o
provide addisomal imdormation on emslkion, and other
food, mechanical behaviors [3]. In the sudy of friction amd
bebwication, wribclogy has gained meevesi over the past
decade as o medwod of memering friction behavior of foods
ond model food sysiems. Severnl studies have relmed
imsumental fricion o sensory expere [3-3), and the
relaticachip between verious sexteml aspects and orsd
friction behsvior hes been noiad [2, &, 8] Mevertheless,
ribology is relstively new 1o food research, and sddidonsl
stady & meeded 1o expand the general knowledge hase of
food friction behavior.

Tribological testing is performed on two slidisg serfaces
with a lubricant between them. Typical testisg spparanss

Z] Springer
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ORAL PHYSIOLOGY AND TEXTURE PERCEPTION
OF SEMISOLIDS
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ABSTRACT

In the oral cavity, the food is subjected to several mechanical and chemi-
cal processes. It is fractured by the teeth, diluted and broken down by saliva,

heated or cooled by the ambient temperature of the mouth, formed into a bolus
and fimally swallowed. Numerous receptors in the oral cavity and nose respond
to the initially ingested food and monitor the changes during processing. This

leads to cemtral perceptions of taste, odor, irritation and texture of the food.
Muost sensations associated with food texture occur only when the food is
manipulared, deformed or moved across the oral receptors. In addition, people
assessing the same stimulus differ in their ratings of that stimulus and their
oral physiological parameters also exhibit inter-individual variations.

This paper is based on the Ph) thesis of one of the authors_ It gives an
overview of this study and includes related work of other authors. The aim of
our research was to improve the understanding of oral texture perception, in
particular fo examine the role of oral physiological processes in oral textune
perception of semisolids and to investigate whether individual differences
in perception could be attributed to differences in oral phvsiology among
subjects.

The results of our study demonstrate that oral physiological parameters
such as oral sensitivity, tongue movements, temperature and saliva composi-
tion are of importance for texture perception of semisolids. Many parameters
af oral physiolegy correlate with various perceived texture attributes. This

' Corresponding sothor. TEL: +31-3Hk2533006; FAX: +31-3L2535517; EMAIL: avanderbili @
umcuirecht.nl
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The Role of Oral Processing in
Dynamic Sensory Perception

Eylie D. Foster, Jobm MLV, Grigor, Jean Me Cheong, Michell= LY. Yoo, John E. Bsonlund, 2nd Marco P. Morgenstern
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Food Oral Processing:
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Abstract

Found oral processing incudes all muscle activities, pw movements, and
tongue movements that contribute o preparing food for swallowing. Si-
mulmnecsly, during the transformation of food strecture toa bolus, a cog-
nitive representation of food texture is formed. These physiological signals
detected during aral processing are highly complex and dynamic in namre
becawse food structure changes continucusly due to mechanical and bio-
chemical breakdewn coupled with the lubricating action of saliva. Multiple
and different sensations are perceived at different stages of the process. Al-
though much work has fecused on factors that determine mechanical (eg.,
rheological and fracture) and sensory properties of foods, far less amention
has been paid to linking food transformanons that eecur during oral process-
ing with sensory perception of texture. Understanding how food strucmure
influences specific pamterns of oral processing and how these patterns relate
tor specific textural properties and their cognitive representations Baclitates
thie design of foods tha are autrtious, healthy, and enjoyable.
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acoustic-mechanical destructive techniques
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Hard and rubberiness are disthsar texrural peoperties that are asockited
with extended aral peocessing times and therefore of lntereit 10 designing food
stracture for specific texneral propertics. Model food gl were developed with
(1) incecsing strengihvbuednes and consant deformabllny ce (2) lncreasing
deformabdity/rubberiness within & Hmired range of strength, Gel structures were
churacierized basad ve mechanical propertics and the muscle activity (clectromy -
ography) and mandibelar esovements (three-dimensional jaw tracking) sequired
for onal processing. Incressed strengnh or deformaddlity soguired more chewing
oyl and incressad muascle activity o becakdown samples for swallowing. In con-
1rast, jaw movement amplitede Increased s all disections with lscreased strengrh
and remuinel constant of decremied with incressed deformability. Specific
mechanical propertics that were cwerelstad with oesl peocessing parameters
changed as chewing peogressed, possibdy reflecting a unge in domisate mechani-
cal propertses and semsoey perception during oral peocessing.

PRACTICAL APPLICATIONS

A fundamscntal understanding of how food structure determines sensory testure is
csential to desning foods that are healthy and desirable o consumens. Oral pro-
cessing, froem first bite through swallowing, is the mals physiological dement of
texture evaluation. Model soft solid foods with incresing strengthihardness
or deformabdiny/eubberiness were devedoped and charscredized by mechanical
tests and oral processing, Mastication of harder e ssore defoemable strucrares
sequired different chewing monensents in bodas preparation. The specific
mechanical properties reliting o aral processing may change during the chewing
Sequence.

requires understanding bow food siructure peodices spe-
<lfic texturad propertics. Another area of imerest & the rela-

There & & continuous desire to reformulate foods with
abiered composition (¢.g., decreased sugae, salt or fat; gluten
free) withouw changing peaperties associted with hedanic
quality such 4s tevture. The goal 5 10 produce the same
sexture but with & different msisture of molecules, and thes

urnad of Tersae States 48 Q014 47-41 © 013 Wiey Peroscal, rx
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tosship betweens food structure and satiety {Hogenkasgp
eral 2011). Foods that require more oral peocessing time
are generally associamed with increased saniesy {de Graaf and
Kok 2010). Increased ged sorengeh (fracture stress) and gl
deformability (fractisre strain) are ssociastad with extended

a
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ABSTRACT

The brain areas that represent taste also provide a represemation of oral texture. Fat
texture is represented by neurons independently of visoosity: somss neurons respond
i fat independently of viscosity, and other nearons encode viscosity. The nearons
that respond to fat also respond o silicone and paraffin o, indicating that the
sensing is tewiare: mot chemn-specific. This fat sensing i not related to free fatry
acids such as linaleic acid; & few oiber newrons with respomses oo free fatty ackds typd-
cally dv mat respand to fat in the mouth. Fat texture -sensitive nearons are found in
the primary taste cortex, the secondary tasie cortex in the orbitofrontal cortex where
the pleasantness of food is represented, and in the amygdala. Different nearons
respond to different combinations of texture, taste, oral temperatare, and in the orb-
itofroatal cortex to olfactory and visual properties of food. Complementary human
funciional newroimaging studies are described.

PRACTICAL APPLICATIONS

This reszarch has implications for understanding how fat in the mouwih is sensed. It
therefore has implications for the design of foods that may mimic the mouthfes] of

fat, bt not its energy content.

Theaimsaf thispaper are to-describe how aral texture, inclusd -
ing fat, is represended in the brain. This is an impontant isswe,
for it is mod yet deear Bow oral fa1 is sensed, and evidenice from
neurnscience s providing indicatbons abowt this by showing
what must have been transduced by recepeors in the mouth, in
arder to produce the neuronal responses found in the brain.
Mloreaver, fatin the diet may be pleasant, vet its imtake must be
comtrolled, and understanding the nales by which the pleasant-
ness of fat & regalated & important. In addition, the brain's
representation of oral fat is frequently in terms of particular
combinations with other sensory aspects of food, induoding
taste, tewtare and olfactory inputs, and these combinations are
imporiant for understanding the full impact of the fat in food
in ik mouthan the pleasanines af food.

Because the representation of aral texture in the moth is
closely linked to taie processing in the brain, we start with an

Joarmal of Testus Soudes &3 (301 T 137158 0 3017 Wiksy Percxdcsh, Ine
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werview af taxie pathways and processing in the brain. before
we consider bow oral texture is represented in the same brain
areas, and is represented frequently but not always in com-
benatien with taste. To make the resulis relevant to under-
standing the control of human food imtake, complementary
evidence i provided by neurophysiological siudies in non-
human primates in which the taste and related pathneays
are similar 1 those in humans (Norgren 1984; Bolls and
Scott 2000; Rolls 2005; Eplls and Grabenbiorst 2008; Small
and %cott 3009), and by functional neursimaging studies in
humans. & broad perspective an brain processing involved in
hedanic aspects of the comrol of food mtake and in affective
responses more generally is provided by Rolls (2005). By aral
texture, | mean texture, somatosensory, signak produced
by stimuali in the mowth. By oral fat texture | mean the aral
texture stinmulas produced by fat in the moath. The percep-
tual gualities of these stimuli have been investigated by
Kadohiza et al. {20d0%).
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As bitter as a trombone: Synesthetic
correspondences in nonsynesthetes between
tastes/flavors and musical notes

ANNE-SYIVIE Casines AND CHARLES SPENCE
Universtty of Oxford, Oxfand, England

In parullel 10 studies of vanoes cases of synesthesia, many cross-modal correspeadences have also been
documented in nonsynesthetes. Among these comrespondences, iplicnt associations between taste and pisch
have been reported recently (Crisinel & Spesce, 2009, 2010). Here, we replicase and exsend these findings
through explicit marching of sounds of varying pitch to a mnge of e/ flavors. [n addition, particpants in
e experiment reposted here also chose the type of musical imstrament most appropaiate for each taste/ flavor
The association of sweet and sour tastes %0 high-pitched notes was confirmed. By contrast, umami and bitter
ustes were preferentially matched 1o bow-pitched noses. Flavors did not desplay such strong pitch associations.
Ihe choice of masical mstrament seems o have been dnven pamanly by a matching ot the hedonic value and
familiarity of the two types of stimeahi. Our results mise important questions about our represenmation of tasies
and flavors and comld also kead 10 applications i the marketing of food products,

Synesthesia is an imtriguing condition. Although the
first detailed scientific report on synesthesia dates from
more than a century ago (Calton, 1880), #ts mechanisms
are still unclear (Cytowic & Eagleman, 2009). More at-
tention has been devoted by rescarchers recently to vari-
ous cases of synesthesia {sec Hochel & Milan, 2008, for
2 review; see also Harmson, 2001). But are the
experiences of synesthetes so very different from those of
noosynesthetes? Our senses certainly do not work i isola-
tion from cach other. We live in a multisensory workd, and
our brains constantly combane information from different
sensory modalities m order to make sense of our envaron-
ment (soc Calvert, Spence, & Stemn, 2004). The senses of
taste and smell are so tightly combined in the evaluation of
flavor that #t is sometimes consxdered a form of synmesthesia
that & common to us all (Auvray & Speoce, 2008; Small
& Prescott, 2005; Stevenson & Tomiczek, 2007; see also
Djordjevic, Zatorre, & Jones-Gotman, 2004 ). Moreover,
the evaluation of the sweetness (1.c., a gustatory property)
of a novel odor can be modafied simply by pairing it during
trainang with a sweet taste | Stevenson, Boakes, & Prescolt,
1998). A number of other cross-modal assoczations have
now also been reported, such as between pitch and visual
size (Evans & Treisman, 2010; Gallace & Spence, 2006;
Parise & Spence, 2009), between brightness and the fre.
quency of vibrotactile stimuli (Martmo & Marks, 2000),
or between colors and tastes (O"Mahoay, 1983). The use of
achovisual metapbors for lowdness, pach, and brightness
has also been reported (Marks, 1982). These associations
are different from those present in synesthetes in that they
are badirectianal {synmesthesia is uswually thought of as being

unidarectional, but see Johnson, Jepma, & de Jong, 2007),
and a stamulus presented in one sensory modality does not
elicet a conscious expenence in another modalaty. However,
the existence of these cross-modal associations supports
the bypothesas that synesthesz might originate m feedback
cannections from a point of comvergence of the two sen-
sory pathways (Grossenbacher & Lovelace, 2001 ). Several
researchers have argued in recent years that cross-modal
associatons and synesthesia may be usefully compared in
am cffort to better understand both phenomena (e.g.. Sagiv
& Ward, 2006; Ward, Huckstep, & Tsakanskos, 2006).

Assocmations between tastes and partscular pitches have
been reported previously by Holt-Hansen (1968, 1976)ina
comparson of different bennds of beer. 1t has alkso recently
been shown that basic tastes are associated to relative patch
(Crisinel & Spence, 2009, 2010): In mmplicst assocmtion
tasks, participants terxd to assoczte sweet and sour tastes
with high-pitched sounds. In these studies, tastes were
evoked vaa the names of food or dnnk stems. This method
could therefore not totally exclude the possibility that 1t
was the mames themselves that may have had an influence
on the associations observed (see also Simner, Cuskley, &
Kirby, 2010). Moreover, this methoed introduced variabalsty
between participants depending on their expersence with
the food/drink items that were used. For example, coffee,
which was mtended to represent a better taste, might have
evoked a sweet taste mn those participants who normally
drank their coffee with sugar and milk.

Our goal in the present study was to replicate Crsinel
and Spence’s (2009, 2010) recent studses but using real
tastants and Havors instead of merely the names of such

AS. Crinined, annesyiviecrisiachs pay.oasc.uk
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Influence of external ear occlusion on food perception

Bienodt Jutras' 2 . Antonds Likénd' - Flurin Honegger" - Chiristof Stieger” - Thomas Hummel® -
Antje Welge-Lissen ™

Rt - 8 Dl 2001 8 1 Aeciptadt 14 Jarwary 380 9 0 Pubhshed anlirs: 18 Fabyuary 2009
O Sprmage askiy GembH Germany. pan of Springer Hatow X015

Abstract

Purpose The present study almed v explore if food percepios can be Imflussced by sosmd mastication level whes the
exeernal eor canal wis eccludad.

Methods Fifty-nine msles (58 wmmen) with nommal heaning. smell, o mae participaed is the spady. They wsied five crispy
e fhrve 5ol food mems over by sesshons: one with aad one withost an carplug mseried inthe exienal eorcanal. Pl pases
wiere asked o roie fresboecs el weae of the food e well os their willingness 1o em moee of it nd how moch ey usually
I this lind of fond. The sound pressore kevel relmed e the food mestication was reconded with o peobe microphone ploced
i e exrermal ear cansll

Results Compared wothe open eor canal condinon, levels of e mosicanion sounds were higher whis the pemucipams had
i eors oo luded, as well os for crispy than for soft food. Regandisg fond freshness, fond appreciaiom, and willingness
e mowe of the same food, there wis B0 sigedficent difference concerning food cype, eor comdition, wsd ey [For sodt foods
men rmied deeir ususl hking of e fond higher when they were weanng eor plugs compared o the opened condidon
Conclusion Fleggmg the eor comals bed o merensed mastication sound levels. Participass did not seem o consider these
kit sl aeousie cues whes they moed food fredsecs, food apprecisnos, oed willingsess of eaieg the specafic food Only
men seemed o ke dese cues w0 account when they rsed teeir Babit consumption of sodt food

Keywords Tasie perception - Audeory percepios - Soend - Food spprecianos - Food freshness

Iritraductisn of food, ssch os crispy brows bread, pesnuis, spples, ssd
anft white bread, whes & microphone was pressed ogaisa
the chesek The smdy revesded than bood mastic s sosmds

roaconded with the cheek muesthiod wene maore on e |ow-Ene-

The associative relathon berwesen sound and food wes ioves-
uxgaiend decades agn. Drake | 1] was within the frst siudies o

recond the parmme ers—freqeency, mtensivy, and deratos—
aasocisted with sounds predeced duning focd mastication.

e found e difierences of sound isensiny berwesn vpes
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quency mage than the sounds eoorded with a microphone
placed cloged wo the mosth. Dvakos | 1| quessioned the laer
and 1engue ussues. Dacremos et al. [2] examined ihe con-
mitsstion of bone and air conductions on perception of food
masieation sounds soconding (o e eaning pechilgue—bal-
ing of chewisg. Kesulis suggesied chat both sar asd bone
condections comirbned for percepuos of sound masmicatom
whes hiing. whereas air conduction seemed 1o have a bei-
ter coniribu s than bone conde:don whes chewing food.

Hearing scessds made by food when eating can provide
informatics on food qualiy |3]. Biung seunds sre louder
with o higher frequescy specenem for crispy fresh food, sech
as potais chips, than for the sialer food |4 fampisd e ol
|3] showed tha changing sowsd parsmeters | freqeency o
irmensiny ) o imied with food can modelse the onsgysolt

£) springer
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Influence of ionic strength changes on the structure of pre-adsorbed salivary
films. A response of a natural multi-component layer
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Artiche hewory. Salivary filimn coating arad suraces are critically anpoctast Sor ecal bealths Thes study focuses om deter-
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o adsorbed massof p wsig comgl ry surface charactesisaton methods: a Surk
:::"‘ Resonance (SPR) asd 4 Quartz Crystal mmum with Dissipation Menitersg (QCM-D) Our sesults
Adsorbed S8 support & hetesogeneous model foe the stractere of the salivary film with an inner dere anchoring by
PR ST SR —— a-danu-cmucmahdm:mlm Further swelling of the filom was observed spom decreasing
Qurtz Crystal Micrsbulance e salt concentzalaon down 10 1 mM NaCL H u| 0 dei od water, a collapse of the
Ieydratian ﬂlmutmlh‘msmuldmmnﬁuﬂdmmmuu-dmnmnnadmhdhm Wi suggest
Vhooelatx propernie: e the collape i dewniied waler is driven By an cnset of eloctrostatae altzactzon between dllerent
pacts of the multi-component salvary Slee It 6 anticipatod that sech chasges coudd also ocour when the
aral cavity is expased 1o food, beverage, oral case and pharssaceutical fonmulatom where deasla chasges
1o the stvuctural integity of the filim is likely 20 have implcations oo ced bealth, sensecy percoploon sl
product pesfonssace.
© 2010 Ebswvier BV AN rights seserved.
1. Introduction To begin unravelling the mechantsms behind salivary film func-

Saliva has a unique ability to adsorb onto substrates of prac-
tically any chemuical nature in 2 form of 3 mudti-component
protedn-rich film | 1-3|. The presence of this film was clearty kinked
to an | ment in the lubricasion between sliding
surfaces |34} which has iImplications for oral health and comfoet
|5) as well 35 In food perception |6). People with impaired saliva
produxction or qualety (xerostomia, dry mouth syndrome) sufler
from a variety of sympeoms including problems with mastication,
swallowing and speech as well as from more rapsd wear of thedr

teeth |5). Curvently available salivary substitutes (artificial saliva)
offer cnldy limited relief to this highly encomfortable condition [ 7 8).
One of the reasons can be their fallure o satisfactocily mimic both
bulk and interfaclal physical properties of natural saliva [9), which
are still not fally characterised nor understood.

—
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tionality, we examine the stroctare of 2 salivary film adsarbed (n
vitre an moded hydrophobic polydimerthylsiloxane surfaces. It was
suggested that the adsorbed salivary films are structurally hetero-
geneous |1,2) with a wniform thin ‘tnner layer” formed by small
salivary proteins and non-glycosylated parts of salivary macins as
well as an irregular ‘outer layer” of sparsely distributed mucin-sich
aggregates. The structure of the salivary films was found to be sim-
far to those formed by purified salivary meacin MUCSB [2,10] and
theredore, this mucin was suggested 1o be an Important structusal
component of alivary pellick. In their natural foerm, mucins are
found associated with small molecular weight proteins | 11, which
can affect their netwock forming abality [12] as well as viscoelas-
ticity of the interfacial films |13) It & currently unknown how the
multi-component character of the saliva affects the functions of the
salivary peflicie In the oral environment, for example its lubdicason
and mechanical barrier functions under different oral conditsons to
which these Bdms are exposed duning the day.

This paper demaonstrates that under physiolegical conditions,
saliva s adsorbed In the foem of 2 highly viscoelastic solid-like film
on hydrophobic surfaces. The study examines how key structural
attribantes of the pre-adsorbed salivary film aiter dramatically upon
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The role of saliva in oral processing: Reconsidering
the breakdown path paradigm
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Abstract

‘Wie discurss food oral processing research over the kast bvo decades and consider sbrate-
gies for quantifying the: food breakdown model, originally conceptumlzed by Hutchings
and Lilford. The lesy innovation in their seminal 1988 paper was shifting the foous from
intact food properties, measured in the lab, towand sbrategies bo capture the dynamic
nature of eating. This kas stimulatesd great progress in the field, but 2 key ampect miszing
in oral processing reseanch s the comersion af the Hutchings and Lilford break:down
paith conicepiual model into puantifiable parameters considersd in the conbext of physio-
logical factors. such as saliva and ol movements. To addeess these shortoomings, we
propase the following analysis: Hutchings's and Lilfiord’s definiticns of “Struchure® and
SLubrication” are incomolete and they coemprise many and varled physicochemical prop-
orties. ‘We offer. here, 2 deeper analysks of each parameter. and propose strategies for
researchers to conslder in their puantification as an update of the Hutchings and Liltord

Breabriowm path.
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Introduction

Most food producs are “eomples fuids” with an ineral
milcrosmeeture, lesding o dch and diverse fhow bebavior even
fior rather “simple” and well-controlled boundary condicions
[eg Bow in cylindrieal pipes, on far surfaces, jerting or drip-
ping from moezles, o)™ Flows inside the human body
imtroduce sdditbonal levels of complesity because of the
srongly asvmmetric, cdme-sarying boundary conditions |m
these flows and the progresskely changing scrocture and
rhecdogy of a food bolus exposed v body Emperarore, efecs
of saliva amd “mechanical mesment during s “journsy”
throwggh the digesthe system.™ This artele disosmses bow Quld
mechanies might enable o desper understanding and eonse-
guently more efficient produet design for selecied sages
durieg this journey.

In-mouth perception of liquid foods and
beverages

The percepion produced by a fond or beverage while present im
the mowth & affecoed by prior experience and espectanions,
sensory impressions before eating and the Intenplay of olfictoey,
miezhanical and trgeminal semsations |n the oral caviny Flald
miechanical and mheological concepis canmot be wsed in Isola
chun o predict the perception of a food product, b may play an
impomant role in esmablishing the limis and sensitvioy of
differentlating foods and beverages wia mechanbeal sensarions
im the oral cavine™ Aspecs of inemouth perception such as
“thicknes", “sneosthness" or “creamdness® are related o the
thow hehsvior of lguold and sembsolid fond products and it
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chalkenges and cpportunitie in this research 2 ana highli ghted.

therefore seems winthwhile o develop a deeper understarding
of the mechandeal aspests of In-neoath peroepaion.

“Thickmess" of & fhmid and its relstbon 1o flow propertes

Effons to understand bhow the subjectively perceved <thick:
ress” of Hguid and sembsolid food prodwets is reaced 1o the
rheolagical propertes of these prodscdss3 gre mnstly et
vared by the prospect of meore argeted prodwet deselopment
and meore eftbelent use of sensony analysis. A few key challenges
emerge from previous stsdies: (2] & large enough number of
subjects, represenastive of larger populations, o perform
unbiased sensory ascessenents, (h) materials with a clearly
defined, wellcharscrerised and suffickently wide range of
rhendiogieal properties and (c] conallieg or eliminadng son-
fourding factors sisch as taste and aroma. The ploseering work
of Shanea and Sherman® |s sill remarksble in terms of its dear
methodologieal approsch and earefol imterpretaton of the
resulis, as |s the sbody by Cutler er al®

Kokink, Kadans and Cussler™ offered a mechandstle inser-
pretacion of the Andings of Shama and Sherman in terms of &
“squerze and shear” model, where the disance berseen the
wongee and palate during the evaluation of <hickness™ s
assumeed i be set by the Huld's resicranes 1o squeszing under a
constant foree for & specifed period of ime and the perceived
viscosiny ks then assumsed 1o be proportonal 1o the foree expe:
reneed by the tomgue when shearing against the palace under
these candidans. This neadel largely agresd with the Andings of
Shama and Shemman, though significent dissgreement was
foumd fior lviseosity materials (<100 mPa s], where Shama
and Sherman concluded that inemosth viscosiy evalwarcion
DOZINTE &1 4 CONStant sress of approdmarely 10 Pa.

I dar opdndan, rwo priecipal reginees of viseosity differen-
datbon seem likely a primanly “soesscomrolled” mode of
evalumrion for low viscosites (<100 mPa ), which operactes wa
assesxing the spead ar which a liguld fows on the rongee under
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