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ABSTRACT         

ORAL PHYSIOLOGICAL FACTORS INFLUENCING THE TEXTURE PERCEPTION OF 

SOLID FOOD 

 
 

Sarah Willinsky       Advisor: 

University of Guelph, 2013      Lisa Duizer 

This thesis investigates how individuals perceive and describe the texture of solid foods.  To 

date, minimal research has been done to investigate individual texture perception and the 

influence of oral physiological parameters. The current study is a three phase project.  First, 

using Temporal Dominance of Sensation (TDS), the dynamic process of panellists’ texture 

perception was investigated.  The results showed two very distinct groups of panellists who 

differed based on their texture perception response.  The second phase attempted to 

understand these groups by testing oral physiological parameters surrounding the individuals 

and their bolus.  Few significant results were found between the two groups indicating.  The 

final phase of this project supported the hypothesis that vocabulary use was not a factor in the 

division of the two groups.  To conclude, saliva, both in regard to the amount and 

composition, seems to have a large influence on how individuals perceive the texture of solid 

food.  
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CHAPTER 1: INTRODUCTION 

It is well documented that the texture perception of a food product is crucial to its 

acceptability (Guinard and Mazzucchelli 1996; Wilkinson and Minekus 2001; Engelen et al. 

2003a; Vliet and Primo-Martin 2011; Ishihara et al. 2011).  Therefore understanding texture 

perception will help in the development of acceptable products for consumers (Brown and 

Braxton 2000; Ares et al. 2010; Galmarini et al. 2013).   

Texture perception is influenced both by characteristics of the food itself as well as by 

characteristics of the person consuming the food.  The texture perception of a food is, in part, 

a result of its structure from a molecular, microscopic, and macroscopic level.  At each of 

these levels there is a large influence on the quality of the product.  For example, it is 

desirable, when consuming a potato, that the cell wall stays intact during mastication because 

its breakage causes an undesirable gummy, sticky, pasty texture.  On the other hand, when an 

apple is consumed, it is desirable to have the cell wall rupture to allow for the juice inside to 

spill out creating a juicy texture as opposed to a mealy/dry texture if the juice is not released 

(Bourne 2002). 

Mastication and texture perception also depend on parameters surrounding the individual; for 

instance, characteristics of the oral cavity and its activity (teeth, tongue muscle activity), or 

how the sample is manipulated in the mouth (saliva, swallow threshold) can have an effect on 

texture perception.  Mastication is the breakdown of food in the mouth, and it can be assumed 

that individual parameters will influence this process.  The teeth in the mouth have a large 

impact on mastication.  It has been found that people with a reduced number of paired post 

canine teeth chew with a reduced muscle activity per chew and an increase in the number of 

chewing cycles (Kohyama et al. 2003).  The tongue and cheeks are used to manipulate the 

food and keep it between the teeth while being broken down (van der Bilt et al. 2006).  At the 

same time the tongue aids in combining food with saliva and separates and sorts unsuitable 

particles for further chewing in anticipation of swallowing (Gibbons 1898; Blissett et al. 

2007).  A number of other characteristics of the individual have been measured as they relate 

to the chewing of solid foods including:  jaw movements (Slagter et al. 1993b; Brown et al. 

1994; Peyron and Mioche 1996; Mioche et al. 1999; González et al. 2001; Steele and 

Lieshout 2004; Woda et al. 2006; Bartle 2007), muscle activities (Horio and Kawamura 
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1989; Mathevon and Mioche 1995; Agrawal et al. 1998; Mioche et al. 1999; Peyron et al. 

2002), and chewing efficiency (Yven et al. 2005).   

Saliva plays a vital role in mastication and texture perception.  It facilitates mastication, 

moistens the food particles, and assists swallowing (van der Bilt et al. 2006); it is influential 

to food breakdown by affecting flavour release, dilution of flavours and tastes, precipitation 

of proteins by tannins, lubrication of the oral tissue, facilitating the manipulation of food in 

the mouth and the oral transport of the bolus (Engelen et al. 2007).  Lastly, it has a major role 

in the formation of a cohesive bolus (Prinz and Lucas 1997) which is essential for safe 

swallowing.  Although much is known about the physiological aspects of chewing, how they 

relate to texture perception is less well known.  It is hypothesized that the differences among 

individuals as they chew will affect their perception of texture. 

It has long been documented that texture perception is not well understood or explained  

(Szczesniak et al. 1962; Hutchings and Lillford 1988; Brown and Braxton 2000). There are 

different theories as to why texture has not well been explained.  One theory explains that this 

could be a result of an insufficient connection between theory and application, as well as the 

fact that most studies deal with specific texture characteristics or certain food products 

(Szczesniak et al. 1962).  This means that information is only gained on the specific products 

that are studied rather than being able to generalize to all textures.   

The overall aim of this project is to develop a better understanding of factors influential to 

texture perception of solid food products.  Using a novel method, Temporal Dominance of 

Sensation (TDS), the first stage of this project measures the dynamic nature of texture 

perception.  As a solid food product is masticated, the texture of the product changes in the 

mouth and various textures are perceived.  To date, TDS is the only method that will evaluate 

this process in a dynamic way (i.e. consistently changing) (Pineau et al. 2009).  The only 

exception is the Time-Intensity method, which can evaluate a maximum of two attributes at a 

given time (Duizer et al. 1993).  Using TDS the individuality of results will be investigated, 

with the end goal to classify panellists according to perceptions.  

This study will investigate numerous physiological parameters that will influence bolus 

formation, and ultimately texture perception.  The individual measurements include:  bite size 

(Ottenhoff and van der Bilt 1993; Peyron et al. 1997), number of chews (Bellisle et al. 2000), 

time to swallow, and chewing frequency (Brown et al. 1994). Bolus measurements include:  
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saliva addition (Anderson and Hector 1987; Hector and Linden, 1987) and texture profile at 

various stages of the mastication cycle.  These results will be important to relate back to the 

original TDS study in hope to create a link between texture perception and oral physiological 

factors. 

The last phase of this project investigates the effect of vocabulary on texture perception 

responses.  In past research, vocabulary use has only been investigated when comparing 

languages (Blancher et al. 2007; Tu et al. 2010; Galmarini et al. 2013) or cultures (Antmann 

et al. 2011; Varela et al. 2013).  Rarely are individuals within one cultural group investigated 

for differences in vocabulary use.   

In seminal work to develop a texture classification system for all foods,  Szczesniak (1962) 

tested a number of different terms that could be used to describe a single attribute.  These 

have been described as “popular” terms and such terms are diverse. For example the popular 

terms to describe cohesiveness include:  crumbly, crunchy, brittle, tender, chewy, tough, 

short, mealy, pasty, and gummy.  However, the use of these words by individuals and 

potential groupings of individuals when using these terms has not been explored.   
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CHAPTER 2: LITERATURE REVIEW 

2.1. Defining texture 

Texture has been defined in a number of ways, by a number of researchers (Bourne, 1975; 

Matz, 1962; Szczesniak, 1990).  However, the most accepted definition is that developed by 

(Szczesniak 2002) where texture is defined as “the sensory and functional manifestation of 

the structural, mechanical, and surface properties of foods detected through the senses of 

vision, hearing, touch and kinesthetics”.  Kinesthesia is the feeling of existence, location, or 

movement, as a result of a stimulus to the muscles, tendons and joints (Guinard and 

Mazzucchelli 1996).  The definition by Szczesniak reveals four important concepts.  First, 

texture is a sensory property (only a living being can perceive or describe it).  The 

instruments used can detect and quantify only certain physical characteristics which then 

must be understood in terms of sensory perception. Second, texture is not a single attribute to 

be identified, it is a collection of characteristics which, when integrated, create the perception 

of texture.  Third, texture is obtained through the structure of food (molecular, microscopic or 

macroscopic).  Finally, texture is perceived by a number of senses, particularly including 

touch and pressure. 

In the literature, texture is the term generally used to describe solids and semi-solids.  Liquids 

are often described by their mouthfeel characteristics and are outside the scope of this 

research project. This review will focus specifically on those terms used in the description of 

solids and semi-solids.   

2.1.1. Texture description 

A number of researchers have developed texture lexicons, along with the definitions of these 

terms, some categorization has also been developed (Brandt et al. 1962; Szczesniak 1962; 

Jowitt 1974; Bramesco and Setser 1990).  The aim of grouping and categorizing terms is to 

attempt to better understand the terms and how they relate to one another, how they are 

perceived, and how they can be used by consumers.   

Given that texture perception is a composite of many characteristics, there have been attempts 

to classify these terms.  Szczesniak (1962) and Jowitt (1974) have each devised a method for 

classifying and categorizing texture terms, with many similarities between them.  Both 
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approaches relate terms to how they feel in the mouth, the structure of the material and the 

feeling of the material particles, as well as the behaviour of the material to certain forces.  

Szczesniak (1962) identified two important elements arise from the definition of texture: 

physical structure (geometry) and the way the material handles and feels in the mouth 

(mechanical and surface properties).  Szczesniak continued by introducing the proposed 

categories for texture terms.  It was stated that some terms are referred to as “primary” terms, 

while others referred to as “secondary” terms which are those that are sufficiently described 

by two or more of the primary terms.  Lastly, there are “popular” terms which can denote 

degrees of the same characteristic and may be points on a scale, for example hard, firm, and 

soft all fit in the hardness category.  With that being said, there are three more categories that 

texture terms fall into: 

 -Mechanical:  terms based on food’s reaction to stress 

 -Geometrical:  terms based on the arrangements of particles in the food (mainly 

appearance) 

 -Other:  terms based on the moisture/fat content of the food (mouth feel) 

As a confirmation, a scatter-diagram was completed on the texture terms of 22 products.  No 

duplication was found between terms and ratings followed established definitions (reference).  

Now that terms are classified and defined, they can be used in various studies (i.e. 

instrumental, organoleptic, and quantitative rating).  Then, studies can be compared because 

the same terms have been used (Szczesniak 1962). 

2.2. Mastication  

Texture perception starts visually, when an individual looks at the product and decides if they 

want to consume it.  This may be a conscious or unconscious evaluation.  When considering 

solid food products, after the visual assessment, texture perception continues in a tactile 

manner through the hands and fingers or via utensils.  Then, as the food is placed in the 

mouth and mastication begins, texture perception takes place entirely in the oral cavity 

through mastication. 
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In the following section, the process of mastication, factors related to the person doing the 

chewing, as well as factors related to the food itself as they pertain to texture perception will 

be discussed. 

2.2.1. The process of mastication 

The mastication process is comprised of many levels and stages, all of which aid in the 

ingestion of foodstuffs and influence texture perception.  It has been said that mastication is a 

consequence of the sensory feedback from the mouth, muscles, and joints with the perception 

from each chew (Lund and Kolta 2006).  Mastication is a neurological loop with sensory 

feedback.  For instance, throughout the mastication process, each chew is based on the 

feedback from the chew before it; as we compress and shear the food between our teeth, a 

signal is sent to the brain allowing it to determine what will happen on the next bite 

(Kohyama et al. 2000).   

During mastication, food is taken into the mouth and then broken down by compression and 

shearing (Salles et al. 2011), until a ready to swallow bolus is formed (Prinz and Lucas 1995).  

Mastication involves moisture uptake, lubrication, bolus formation, adhesion to oral surfaces, 

swallowing, and clearing (van Vliet and Primo‐Martin 2011).  It has been suggested that oral 

physiology and texture perception are tightly connected as a result of the sensory feedback 

between chewing behaviour and food texture during consumption (Salles et al. 2011).  

The mastication process has been described as involving a number of different stages.  

Depending on the research, the description of these stages ranges from simple chewing and 

swallowing to something more complex.  At the most basic level, Hiiemae et al. (1996) and 

Heath and Prinz (1999) suggest that there are three stages of mastication: 1) Ingestion, which 

involves the transfer of food to between the teeth by the tongue; 2) Comminution, whereby 

rhythmic chewing leads to food breakdown and bolus formation; and 3) Clearance and 

swallowing where the bolus leaves the mouth and travels to the stomach.  Lucas and Luke 

(1986) and Fontijn-Tekamp et al. (2004) further separate stage one into Ingestion, followed 

by “Stage I transport”.   

Some descriptions involve both tongue and teeth.  For instance, during mastication Abd-El-

Malek (1955) includes:  preparatory stage, throwing-stage, guarding stage, sorting-out, and 

bolus formation.  van Vliet and Primo-Martin (2011) have gone into even further detail of the 

stages of mastication by suggesting six stages of mastication.  These include:  1) 
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Ingestion/biting by front scissors, 2) Chewing by the molars, 3) Wetting by saliva, 4) 

Manipulation by the tongue to form a bolus at the back of the oral cavity, 5) Swallowing, and 

6) Clearance of the mouth, likely involving a central role for saliva.   

An alternative approach to characterizing mastication is to break the process into chewing 

cycles.  In a study of kelp snacks, the mastication process was described as 1) first chew 

cycle, 2) second chew cycle to sixth chew cycle, 3) middle five chewing cycles and 4) the last 

five chewing cycles (Kohyama et al. 2000).  In this study, it was found that texture sensed in 

the first chew affected the behaviour of the second chew cycle.  This, in turn, influenced the 

remaining chew cycles.  In a study of six different foods, it was found that as the mastication 

process advances, there is a decrease in significant sample effect (Kohyama and Mioche 

2004).  This suggests that foods lose their uniqueness as they are chewed and form a similar 

bolus, no matter the food type. 

2.2.2. Effect of mastication 

There are a number of factors that contribute to the differences in texture perception among 

people.  These can relate to the activity and characteristics of the oral cavity (teeth, tongue 

muscle activity), or depend on the food sample and how it is manipulated in the mouth 

(saliva, swallow threshold).  Each of the characteristics plays a role in mastication.   

Given that mastication is the breakdown of food in the mouth, we can assume that the 

physiology of the teeth has a significant impact on the processing and perception of various 

foods.  Different parts of the mouth have different roles when it comes to food breakdown.  

In the mastication process of people with a reduced number of paired post canine teeth, it has 

been found that they chew with a reduced muscle activity per chew and an increase in the 

number of chewing cycles (Kohyama et al. 2003).  The tongue and cheeks are used to 

manipulate the food and keep it between the teeth while being broken down (van der Bilt et 

al. 2006).  However, controlling and positioning is not the only role that the tongue plays 

during the oral processing of food.  The tongue also turns and folds the food while combining 

it with saliva and aids in separating and sorting of unsuitable particles (Gibbons 1898; 

Blissett et al. 2007).  In a study where participants swallowed barium, Harris (1927) 

identified the function of many of the tongue movements during the swallowing process.  

These movements included a pocket formation between the tip of the tongue and the teeth, 

followed in succession by hollowing of the dorsum, by raising of the anterior half to make 
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contact with the palate and depression of the posterior half, and a final piston-like stroke as 

the barium was ‘shot downwards’.   

Although others have investigated the role of the tongue during deglutition of liquids 

(Johnstone 1942; Whillis 1946), the complex movements are not yet fully understood with 

solid food products.  It has also been found, however, that the movement of the tongue may 

depend on the size of the bolus.  For example, Blissett et al. (2007) investigated the index of 

tongue movement while individuals consumed various units of a confectionary product at 

different times.  It was found that a larger bolus (i.e. higher number of confectionary units) 

needs a longer mastication period and continued manipulation by the tongue.  

Using electromyography (EMG) and articulograph measures, it has been possible to 

characterize jaw movements during mastication (Slagter et al. 1993b; Brown et al. 1994; 

Peyron and Mioche 1996; Mioche et al. 1999; González et al. 2001; Steele and Lieshout 

2004; Woda et al. 2006; Bartle 2007).  Mandibular movements during mastication follow a 

‘drop-shaped’ path classified by a movement downward followed by a movement upward.   

Muscle activity is required for the rhythmic mastication process as well as to combat the 

resistance of food products in the mouth (Tajima, 1985).  Many have revealed that the total 

amount of muscle activity, as measured by EMG, is dependent on the texture of the food.  

More specifically, there is an increase in EMG activity for harder foods (Horio and 

Kawamura 1989; Mathevon and Mioche 1995; Agrawal et al. 1998; Mioche et al. 1999; 

Peyron et al. 2002).  As well, EMG measures have been shown to correlate with perceived 

hardness of food samples (Foster et al. 2006).     

Muscle activity is also dependent on the stage of mastication.   In a study of kelp samples, 

amplitude of the chew and EMG activity increased in the early stages of chewing, but the 

data results were not significant (Kohyama et al. 2000).  This stage also showed a longer 

duration of EMG activity in the tougher samples.  In the middle stage of mastication, EMG 

activity is still significantly increasing, while the amplitude does not differ based on the 

sample.  Lastly, in the later stage of mastication, there is a decrease in EMG activity, in EMG 

amplitude and in EMG duration (Kohyama et al. 2000).  To clarify, an EMG records the 

electrical activity from the muscles as they contract via sensors on the skin.  The EMG 

activity is how active the muscles are, while the EMG amplitude is the extent to which these 
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muscle are active. For example, a bite into a hard sample that requires a great deal of force 

from the muscles which will results in a higher EMG amplitude. 

As much as muscle activity is a factor related to the individual, in their jaw movements and 

stage of mastication, it has also been shown to be related to the bolus produced from foods 

which differ in texture.  Yven et al. (2006) showed that, when investigating brittle foods such 

as carrots or hazelnuts, the muscle activity has an impact on the formation of the bolus, 

whereas during the mastication process of meat, a cohesive food, the muscle activity recorded 

was not reflected in the bolus properties.  This indicates that properties of the bolus are 

influenced by the food type, which, in turn is affects the muscle activity.   

Closely associated with muscle activity is chewing efficiency and rate of mastication. 

Chewing efficiency has been identified as being ‘the comminution rate obtained after a 

defined number of chewing strokes (Yven et al. 2006) and is generally evaluated using an 

edible or artificial, brittle material such as rubber or nuts (Yurkstas 1965; Slagter et al. 1992; 

Slagter et al. 1993a; van der Bilt et al. 1993) .  Although chewing efficiency seems to 

influence the bolus characteristics of meat samples (Yven et al. 2005), it has been shown in a 

number of studies that there is no significant influence of chewing efficiency on texture 

perception (Salles et al. 2011).  It has also been hypothesized that there are other parameters 

than can influence texture perception.  For example, from a product texture perspective, when 

changing from a crispy to a non-crispy food, water activity is influential in affecting texture 

perception, possibly by altering the chewing process  (Castro-Prada et al. 2009).   When 

testing toasted rusk rolls, the viscoelastic properties of the food caused it to be more viscous 

during a slower chew relating to a less crisp sensory response  (Castro-Prada et al. 2009). 

As shown in the description of mastication, saliva has an important part of the mastication 

process.  It facilitates mastication, moistens the food particles, makes a bolus, and assists 

swallowing (van der Bilt et al. 2006). Saliva has also been found to influence the initial food 

breakdown, by affecting flavour release, dilution of flavours and tastes, precipitation of 

proteins by tannins, lubrication of the oral tissue, facilitating the manipulation of food in the 

mouth and the oral transport of the bolus (Engelen et al. 2007).  The major role of saliva 

during mastication is its role in the formation of a cohesive bolus (Prinz and Lucas 1997).  In 

order to form an acceptable bolus ready to swallow, sufficient saliva is required (Hector and 

Linden 1999).  Salivary flow rate however, is weakly correlated with the swallow threshold 

and a high salivary flow rate does not correlate with reduced a number of chewing cycles.  
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This may be because participants are used to their own salivation, especially when it comes to 

the volume of saliva or salivary flow rates (Engelen et al. 2003b).  On the other hand, bolus 

moisture may influence perception.  A link has been shown between the salivary flow rate 

and the chewing forces necessary during mastication.  For example, the hardness of a sample 

is positively correlated with parotid gland salivary flow rate (Anderson and Hector 1987; 

Hector and Linden, 1987). 

The point at which people swallow their bolus is thought to be a voluntary action (Hutchings 

and Lillford 1988) that depends on food particle size (Yurkstas 1951; Feldman et al. 1980), 

particle lubrication, (Hutchings and Lillford 1988), cohesiveness (Woda et al. 2006) and 

deformability (van Vliet and Primo-Martin 2011).  During mastication, the original bite size 

is reduced from a few cubic cm to only a few cubic mm.  With the addition of saliva, the 

particles in the mouth are held together enough to form a proper bolus that is ready to be 

swallowed (Hutchings and Lillford 1988; Prinz and Lucas 1997; van Vliet and Primo-Martin 

2011).  There is however a difference among people with respect to their swallow threshold.  

The effectiveness of an individual’s chew has been shown to be weakly correlated to the 

swallow threshold.  An increase in the number of chews does not mean that an individual has 

a higher masticatory performance.  It does mean, however, that high performance chewers 

swallow finer particles and this may change the perception of the food (Fontijn-Tekamp et al. 

2004). 

Compounds found in saliva have an effect on texture perception, particularly alpha-amylase 

and proteins.  Alpha-amylase has been shown to be important in the perception of melting 

and thickness in semi-solid foods (Engelen et al. 2003c).  It initiates starch digestion in mouth 

by cutting the long carbohydrate strand at the alpha (1-4) binding between glucose residues.  

This reduces its ability to bind with water and therefore results in a lower product.  Therefore, 

it is not surprising that perceived thickness was lower in high α-amylase activities for the 

starch based custard dessert.  The study also showed that α-amylase activity exhibited a 

negative correlation with slippery lip-tooth feel, thick mouth feel, and creamy after feel 

(Engelen et al. 2007). 

Liking also affects chewing.  With an increase in liking of the food, there is an increase in the 

number of chews (Bellisle et al. 2000).  Also, as a food becomes more difficult to chew or the 

food becomes harder, the number of chews increases (Prinz and Lucas 1995; Hiiemae et al. 

1996; Kohyama 2002; Engelen et al. 2005; Pereira et al. 2006; Woda et al. 2006).  An 
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increase in volume of the food will also lead to an increase in time and chew strokes taken 

before the food is swallowed.  The number of chews taken for one product by one person is 

generally constant, but can differ greatly between people.  People do, however, separate into 

fast or slow chewers.  This could be a result of an individual’s physiology or may be social 

context (Pereira et al. 2006).  

As with muscle activity, the swallow threshold is another factor that is influenced by the 

individual, and also by the bolus properties.  A model described by Hutchings and Lillford 

(1988), suggests that a swallow is determined by a critical level of moisture and comminution 

for different types of foods.  This was supported by (Yven et al. 2006) in a study of different 

meat textures that had similar overall moisture but different levels of fiber disorganization at 

the end of the chew.  It can therefore be implied that the moisture level of the bolus is more 

important to the swallow threshold compared to the level of comminution of meat muscular 

fibers.   

2.2.3. Effect of food texture on chewing/mastication 

There are parameters surrounding the actual food texture that are known to influence the 

perception of texture; the per cent water and fat of a sample for instance.  This perception 

will, in turn, change the way a person will chew a food sample.  For example, the perceived 

hardness of a sample, affects masticatory force (Kohyama et al. 2004), muscle activity (Horio 

and Kawamura 1989; Mathevon and Mioche 1995; Agrawal et al. 1998; Mioche et al. 1999; 

Peyron et al. 2002), and mandibular jaw movements (Hiiemae et al. 1996; Peyron et al. 

1997).  Also, people will take an increase number of chews for hard and dry products. This is 

because the food needs more time to break down and more saliva is necessary to form a 

proper bolus (Anderson et al. 1985).  Individual textures will now be discussed. 

There has been a significant amount of work done with regard to the mastication of hard food 

products and how the chewing process changes based on these products. For example, it was 

shown that with an increase in perceived hardness there is also an increase in masticatory 

motions and an increase in forces applied on the food matrix (Gibbs et al. 1981; Peyron and 

Mioche 1996; Peyron et al. 1997; Peyron et al. 2002; Filipić and Keros 2002; Anderson et al. 

2002; Wintergerst et al. 2008).  It was shown that bite size and food hardness were correlated 

to jaw opening length (Ottenhoff and van der Bilt 1993; Peyron et al. 1997).  Kohyama and 

Mioche, (2004) showed that for hard food products, the mastication process requires higher 
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muscle activity and longer EMG duration (Plesh et al. 1986).  Anderson et al., (2002) show 

that with the mastication of hard food products, jaw work and velocities increased with 

harder gum. However, there is some discrepancy with respect to cycle duration.  In 1986, 

Plesh, et al., found participants had slower chewing cycles when chewing hard gums, and in 

2000, Kohyama, et al., found that participants had longer chewing cycles and were attributed 

to the longer closing phase of jaw movement when chewing hard jellies. All of these 

relationships were confirmed using multiple-point sheet sensor system while individuals 

chewed a model food of silicone rubber.  It was clearly indicated that sample hardness 

changes the chewing force in humans.  For instance, the harder sample evoked higher peak 

force, longer duration, higher impulse, and higher active pressure values, whereas the 

chewing cycle and time to peak were not affected by sample hardness.  The contact area 

between the sample and teeth were reduced for the harder sample during incisor mastication. 

The peak force and force-related parameters, contact area, time to peak and bite force 

duration showed higher values for molar bites than for incisor bites, while the chewing cycle 

was similar in both cases (Kohyama et al. 2004). 

Work has also been done on the perception of brittle food products.  It has been said that with 

brittle foods, texture is determined by the capability of the matrix to form particles, the rate of 

particle size reduction, and the resulting particle size distribution.  This is influenced by the 

levels of saliva necessary to form a cohesive bolus (Hutchings and Lillford 1988; Prinz and 

Lucas 1997).  It has also been said that perception of brittle foods is based on the interplay 

between product structure, fracture behaviour, oral processing and final grading by the brain 

(van Vliet and Primo-Martin 2011).   

Mioche et al. (2003) studied the effect of meat toughness on the bolus.  It was found that even 

after a long mastication period, the tougher meat yield a tougher bolus and that more saliva 

was included compared to a juicy, tender meat.  The function of the juice and saliva in the 

meat is not entirely clear, however, it is suspected that the juice from the meat will influence 

the viscosity of the saliva by lengthening the bolus formation process (Mioche et al. 2003)  

The perception of certain texture attributes may also be a result of the food matrix itself.  For 

example, van Vliet and Primo-Martin (2011) explains that when the parenchyma (apple flesh) 

tissue which contain the middle lamellae between the cells ruptures due to a force (i.e. chew), 

it will give a juicy impression.  In comparison, a mealy impression would arise if that force 

was met by separation of the cells without releasing the cell content.   
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Although different food textures will elicit different chewing techniques and perceptions it 

has been found that, in a study of six different foods, as the mastication process advances, 

there is a decrease in significant sample effect (Kohyama and Mioche 2004).  This suggests 

that foods lose their uniqueness as they are chewed and form a similar bolus, no matter the 

food type.  This could be influenced by the indication that the jaw movement in the vertical 

plane does not depend on the food type.  When biting into a carrot or cheese, the forms of the 

movements in the vertical plane were roughly the same (Peyron et al. 1997).  In comparison, 

Foster et al. (2006), found that when changing from an elastic to a plastic food, will change 

the cycle pattern of the chew.  This, among other characteristics, shows increased amplitude 

of both vertical and lateral mandibular movements  (Foster et al. 2006). 

All of these texture attributes may or may not be desirable to a consumer.  As a result, one 

may try to alter these textures to increase liking and acceptability of the product.  In everyday 

food consumption, one way that individuals alter texture is to add condiments to their meals.  

One study shows that by adding butter to dry foods, there is a decrease in the number of 

chews taken (Engelen et al. 2005).  Another way that people cope with the change of texture 

in food samples is the deceleration and acceleration of the jaw as a result of resistance and 

breakage of food particles in crispy foods.  Also during the chew of crispy foods, to avoid 

damage to the teeth in fast closing of the jaw, the electrical activity of the chewing muscles 

will abruptly decrease when the food breaks (van der Bilt et al. 2006). 

2.3.  Measuring the bolus texture 

There are studies that have investigated the bolus to better understand swallowing (Coster 

and Schwarz 1987), particle size and distribution (Feldman et al. 1980; Hutchings and 

Lillford 1988; Engelen et al. 2005), bolus viscosity (de Loubens et al. 2011), moisture (Loret 

et al. 2011a).  It was also found by Yven et al. (2012), who investigated individual chewing 

strategies and the influence on bolus properties, that 70% of individuals changed their 

chewing activity, of which 57% by chew time and 40% by chew time and muscular 

contraction amplitude.  However, this study does not relate findings back to the individual’s 

perception.  One method to use in the investigation of the bolus is Texture Profile analysis 

(TPA).  When using a texture analyzer, a double compression is generally used in order to 

simulate the action of the jaw.  The ultimate result of a TPA is a curve that plots force on the 

y-axis, continuous time on the x-axis, and the curve with two peaks (indicating two 

compressions).  From this curve, five parameters can be calculated (Figure 2-1). The 
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parameters are: hardness, cohesiveness, adhesiveness, brittleness, chewiness, gumminess, 

viscosity, and elasticity.     

 

Figure 2-1:  Example of a Texture Profile Analysis (TPA) curve.  Taken from (Peyron et 

al. 2011). 

2.4. Perception of texture  

As has been previously described, texture perception of a food product involves a number of 

interactions between the oral cavity, and the food properties (Salles et al. 2011).  The 

conscious perception of the sensory attribute also plays a role (van Vliet and Primo-Martin 

2011).  The texture of the food product will affect the formation of a swallowable bolus 

through its influence on mastication and salivation.  Some parameters in the mouth will also 

influence perception through the breakdown of the product, including tongue movements, 

temperature in the mouth, and saliva composition (Salles et al. 2011). 

As explained by van Vliet et al. (2009) and as mentioned earlier, many parameters play a role 

in texture perception, one of which is oral processing of the food in the oral cavity.  This 

brings about the need to look at food properties at the mesoscopic length scale (physics and 

physical chemistry of food), the way it is processed in the mouth (oral cavity), and how the 

perceived stimuli are combined and interpreted in the brain as a sensory attribute (sensory 
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science).  This shows just how much of a multi-parameter texture perception really is and 

therefore needs a multidisciplinary approach to measure and investigate. This approach will 

need to include the three aspects already mentioned:  sensory, oral physiology, and 

physics/chemistry (which would involve the study of rheological and fracture characteristics, 

micro structure, etc).  van Vliet et al. (2009) point out that this is especially important for 

foods at the mesoscopic length scale.  It is shown how texture is perceived by using the 

diagram as seen in Figure 2-2.  It depicts the relationship among the three aspects mentioned. 

  

Figure 2-2:  The aspects of texture perception:  Sensory, oral physiology, and 

physics/chemistry.  Taken from (van Vliet et al. 2009). 

Given the fact that perceptions can differ among individuals, testing should evaluate the 

individualities rather than a group of people as a whole, but rarely is this done.  Some 

contributing factors have been shown to include gender (Mioche et al. 2003), chew time, and 

muscle work (Brown et al. 1994) chewing rhythm, chew rate, muscle effort, time to swallow, 

salivary flow rate, swallow threshold, and saliva production (Brown et al. 1994).  With all of 

this information, it is important to investigate what these differences have on the perception 

of texture.  Most sensory techniques look to minimize the differences among people.  For 

example, Quantitative descriptive analysis (QDA®) is a common method used in sensory 

evaluation (Esti et al. 2010), however, it has a tendency to minimize the variability among the 

participants allowing them to evaluate products in a consistent manner.  Once individuals 

have generated an attribute list based on the products to be tested, the panel leader works with 

the panellists to achieve consensus in attributes (Lawless and Heymann 2010).  Because 

panellists are trained to achieve a constant frame of reference, the variability of the panellist 
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is minimized and judges are treated as a homogeneous group.  An alternative approach is 

Free-choice profiling which allows panellists to generate their own attributes for evaluation 

of a product. The intensities of these attributes can be judged.  However, the data is analyzed 

to look for common trends and differences in individual responses are not considered 

(Harwood and Aparicio 2000). 

More recent methods, such as Temporal Dominance of Sensation (TDS), can aid in detecting 

differences among individuals during chewing (Meyners 2011).   In a TDS experiment, 

panellists are given a list of attributes on a computer screen, as well as a start and stop button.  

The panellists are first asked to press the start button as the first bite of the product occurs.  

As time and mastication progresses, panellists are asked to choose the perceived ‘dominant’ 

attribute from the list.  A dominant attribute can be defined as “the attribute associated to the 

sensation catching the attention at a given time.  It should be understood mostly as the new 

sensation popping up at a given time.  Therefore, the dominant attribute is not necessarily the 

one with the highest intensity” (Pineau et al. 2009).   As the evaluation continues, the 

dominant perception will change over time and panellists are asked to click on the 

corresponding attribute.  As the panellist swallows the sample, they are requested to click on 

the stop button.  The resulting data shows a timeline of the dynamic perception process for 

each panellist.  The experiment can be done during the mastication process, during aftertaste, 

or a combination of both.  It is possible to add in a ‘swallow’ button that the panellist can 

click as they swallow the product to ensure when the aftertaste portion starts.   In this case, 

the stop button would be selected when the aftertaste is no longer apparent. 

The results of a TDS study yield a TDS curve.  This curve is created by accounting for the 

dominant attributes that are selected for a given time by the entire panel.  Time, on the x-axis, 

may be in seconds or standardized over the entire mastication process. This means that 100% 

of the standardized time is 100% of the mastication period (from first bite to swallow) for the 

panellists.  The y-axis shows the percent dominance of the attribute.  This shows the 

agreement of the panel in how dominant that attribute was at that time (Labbe et al. 2009; 

Pineau et al. 2009; Meillon et al. 2009).  The uniqueness of this method allows for individual 

data to be looked at while also investigating the panel as a whole. 

The main benefits of the TDS method are that it includes a temporal dimension, it measures 

the dynamic process (Meyners 2011), and the results from an individual can be isolated and 
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compared to others.  Meyners (2011) gives an example suggesting that specific information 

can be obtained for each panellist as well as for the panel as a whole. 

There have been a number of methods compared to TDS, for example Time-Intensity (Le 

Révérend et al. 2008; Pineau et al. 2009) which only has the ability to evaluate one attribute 

at a time and Sensory Profiling (Labbe et al. 2009) which does not give information on the 

dynamics of perception.  It is clear that the results obtained from a TDS study are unique and 

can yield valuable information.  

Since the development of the TDS method it has been used to  study the perception of some 

beverages such as wines (Meillon et al. 2009), hot beverages (Le Révérend et al. 2008) and a 

liquid dairy product (Pineau et al. 2009), but rarely been used on solid products, with the 

exception of wheat flakes (Lenfant et al. 2009), fish sticks (Albert et al. 2012), and nuts 

(Hutchings et al. 2014).  This brings attention to the reality that more investigation is needed 

in the area of solid food products, especially with the use of the TDS method.  Researchers 

will then be able to see the dynamic process that occurs during mastication and can determine 

which attributes are in fact relevant to the perception of the product as a whole.  

2.5. Conclusion 

Emphasis is put on the idea that people differ in the way they describe or identify the textures 

that are perceived during the mastication process, as well as how vital it is to investigate these 

differences among people.  It has been well established that a proper food bolus is essential 

for safe swallowing and that the texture of a food product will influence how the food is 

manipulated in the mouth.  Therefore, knowing how texture is perceived may give insight 

into how a proper bolus is formed and help with the safety of swallowing for an average 

individual. 

According to consumers, the perceived texture of a food is a key factor in the acceptability of 

the product and a large influence on quality control, therefore investigating the perception of 

texture will be extremely beneficial to the food production industry.  Once the perception of 

ideal textures is identified and its description is defined, food production companies can work 

towards producing these textures in a more efficient manner. These companies can also 

advertise the products using the texture terms that will yield the most sales. 
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In addition, by being able to identify how ideal textures are perceived by the average 

consumer, more acceptable products can then be created.  This will allow for more 

pleasurable products being available for consumers to purchase and create more enjoyment 

during the consumption of a food product. 
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CHAPTER 3:  USING TEMPORAL DOMINANCE OF 

SENSATION (TDS) TO EVALUATE INDIVIDUALS’ 

TEXTURE PERCEPTION OF SOLID FOOD 

3.1. Introduction 

Although mastication is a very individual activity, most studies investigating texture 

perception treat panellists  as one homogeneous group (van Vliet and Primo-Martin 2011; 

Salles et al. 2011).  Many factors influence mastication.  Jean (1990) and Lund (1991) 

explain that the central pattern generator, located at the bottom of the brain stem, tells an 

individual to keep chewing or propel food to the back for swallowing.  This seems to be a 

subconscious decision influenced by various factors.  For example, the “swallow threshold” 

depends on a number of considerations including the reduction of food in the bolus, the 

particle size distribution (Yurkstas 1951; Feldman et al. 1980), lubrication by saliva and from 

the food (Hutchings and Lillford 1988), the cohesiveness of the bolus (Prinz and Lucas 

1997), and rheological behaviour of the food itself (Chen and Lolivret 2011; Ishihara et al. 

2011).  If these variables are different from one person to the next, the question to ask is how 

perception differs among people? 

In order to gain an understanding of how individual chewing parameters relate to perceived 

sensory properties, an appropriate sensory evaluation method must be used.  This method 

should be one that allows for clusters of individuals to be identified based on sensory 

perceptions, rather than training individuals to be a homogeneous group during sensory 

testing.  Quantitative descriptive analysis (QDA®) is a common method used in sensory 

evaluation (Esti et al. 2010); however, it has a tendency to minimize the variability among the 

participants allowing them to evaluate products in a consistent manner.  Once individuals 

have generated an attribute list based on the products to be tested, the panel leader works with 

the panellists to achieve consensus in attributes (Lawless and Heymann 2010).  Because 

panellists are trained to achieve a constant frame of reference, the variability of the panellist 

is minimized and judges are treated as a homogeneous group.   

Free-choice profiling allows panellists to generate their own attributes for evaluation of a 

product. The intensities of these attributes can be judged.  However, the data is analyzed to 

look for common trends in the data and differences in individual responses are not considered 



20 
 

(Harwood and Aparicio 2000). More recent methods, such as Temporal Dominance of 

Sensation (TDS), can aid in detecting differences among individuals during chewing.   

During a TDS evaluation, panellists are requested to record their perceived “dominant 

attribute” at any given time during the mastication cycle.  Intensities can also be assessed by 

the panellist when recording the dominant attribute (Pineau et al.  2009).  TDS was initially 

used to study the dynamic process of flavour development in wine (Meillon et al. 2009) and 

has also been used to study the dynamic breakdown of texture in the mouth over the period of 

the mastication cycle (Lenfant et al. 2009).  Using this approach, researchers have stated that 

chew time differs among panellists suggesting that this is one of the reasons for the 

differences in the perception of texture among individuals (Lenfant et al. 2009). TDS may be 

able to allow for a better understanding of relations between texture perception and chewing 

behaviour of individuals. 

The objective of the following study is to investigate whether or not individuals can be 

separated into groups based on their texture perceptions using the TDS technique. 

3.2. Materials and Methods 

3.2.1. Samples 

Samples used for TDS testing included New Zealand products:  Mainland Edam Cheese, 

Whittaker’s 72% Cocoa-Dark Chocolate, Griffin’s Ginger Nut biscuits, Griffin’s Vanilla 

Wine biscuits, and Rosedale Ginger Kisses.  The amount of each sample used for testing is 

shown in Table 3-1. 

Table 3-1:  The samples and sample sizes used  

Sample Company Location Sample Size 

Edam Cheese Mainland Dunedin,  

New Zealand 

1x1x9 cm 

72% Cocoa-Dark 

Chocolate 

Whittaker’s Porirua,  

New Zealand 

4 segments of the 

chocolate bar 

Ginger Nut biscuits Griffin’s Manukau City, 

New Zealand 

one whole biscuit 

Vanilla Wine 

biscuits 

Griffin’s Manukau City, 

New Zealand 

one whole biscuit 

Ginger Kisses Rosedale Auckland,  

New Zealand 

one side of the biscuit with 

the filling scrapped out 

See Appendix 3 for Nutrient Information and Ingredient List 
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3.2.2. Subjects 

Fifty panellists were recruited for the TDS test, mostly students and staff of Massey 

University, Albany, New Zealand.  None were aware of abnormalities of the mastication 

system; they reported no orofacial pain or medication of any kind that may affect muscle 

function or saliva flow.  They were also screened for major dental work carried out in the last 

six months.  The testing protocol was accepted by the University of Guelph Research Ethics 

Board (REB), and informed consent was obtained from each subject. 

3.2.3. Sensory testing: Temporal Dominance of Sensation 

Temporal Dominance of Sensation (TDS) is a novel testing method, which requires 

participants to indicate the dominant attribute perceived during chewing.  To ensure 

participants understood the principle of the test, all subjects attended a 30 minute training 

session to become familiar with the TDS technique.  During this session, the notion of 

dominance was explained and the texture attributes being used during the evaluation were 

defined with food references provided to assist with understanding (Table 3-2).  This session 

also allowed for an introduction to the use of the computer program used for data collection.  

The dominant texture attribute was defined as “the attribute that was associated with the 

sensation at any given time”, and the texture attributes included in the list were:  Hard, Soft, 

Brittle, Crispy/Crunchy, Crumbly, Melting, Dry, Pasty, Sticky, Cohesive, Mouth-coating, and 

Smooth.  See Appendix 1 for definitions and reference samples used. 

In a second session of 30 minutes, each panellist tested the five samples in triplicate with a 30 

second break between each sample.  All 15 samples were given a 3-digit code and presented 

as one block in a randomized design.  In this design, all 15 samples were presented in random 

order.  Evaluations were held in isolated sensory booths, at a temperature of 20ᵒC ± 1ᵒC with 

positive air flow.  Panellists were given water and plain crackers for palate cleansing during a 

30 second break between each sample.   All data collection was compiled using FIZZ 

software (Biosystems; Dijon, France).   

During the evaluation of each sample, panellists were instructed to simultaneously take one 

natural bite of the product and click the start button on the computer screen.  This was 

recorded as time (t) 0.  As soon as the panellist perceived a dominant texture sensation, the 

attribute was chosen from the given list using the computer mouse.  When the dominant 
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texture changed, the panellist would then select the next attribute which they perceived.  This 

assessment was continued until the panellist clicked ‘stop’ at the final swallow of the sample.  

The attribute order was randomized among participants; however each person saw the same 

order for each sample.  This was done to eliminate any possible effect of having the same 

attribute show up at the same location in the list, while not distracting the panellist by 

randomizing the list for each of the fifteen samples.  Each sample was also weighed before 

and after the evaluation of ‘one natural bite’ to determine bite size.  Panellists were not aware 

that bite size was being recorded. 

3.3. Data Analysis:  Temporal Dominance of Sensation 

Dominance Rates were calculated by attribute for each evaluated product as explained by 

Labbe et al. (2009).    These Dominance Rates are calculated by dividing the frequency of an 

attribute by the number of judges and the number of replications. Given that only a single 

attribute is selected by any panellist at any time point, the sum of the dominance rate over all 

attributes is equal to one at that time.  A high dominant index suggests better agreement 

among panellists for a given attribute. For each product, a TDS curve of each attribute is 

displayed on a single graph.  On each graph, the chance level and the significance level are 

indicated (Labbe et al. 2009; Pineau et al. 2009). The chance level is calculated by dividing 1 

over the number of attributes.  This characterizes the chance that an attribute will be selected. 

The level of significance is supported using a binomial test which shows the most agreement 

among panellists creating significant data (p=0.05).  The TDS data includes a matrix of 

attributes in the first column, time points in the first row, and 1’s and 0’s filling in the matrix 

to indicate if an attribute has been selected by a given participant. By visually analyzing the 

TDS curves and corresponding data, panellists could be individually investigated to see if 

groups could be identified. 

A Principle Component Analysis (PCA) was completed on the TDS matrix data to 

statistically see if panellists could be separated into groups based on their vocabulary use.  

The three repetitions for each sample were averaged and the data was standardized over 21 

‘periods’ over the mastication period.  The data was unfolded, meaning instead of 50 people 

x 5 foods x 12 attributes = 3000 rows by 21 period columns it became 50 people rows by 5 

foods x 12 attributes x 21 period = 1260 columns.  A PCA was then completed using the 

variance-covariance matrix since all the columns are measured on the same scale. 
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3.4. Results and Discussion 

TDS curves for each product are shown in Figure 3-1.  Data is presented as percent 

dominance (y-axis) vs standardized time (x-axis).  This means that 100% of the standardized 

time is 100% of the mastication period (from first bite to swallow) for the panellists. 
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Figure 3-1:  The TDS curves are shown for the five products (n=50).  Circles denote 

point during mastication where individuals were grouped.  Black vertical lines denote 

transition points between mastication stages:  Beginning, middle, and end. 
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For each product in Figure 3-1, three stages of mastication have been visually identified by a 

vertical black line; the beginning, middle, and end.  These stages were selected by 

identification of transition points in dominant attributes.  The length of each stage varies 

among products.  For example, the middle stage of the baked products (Ginger Nut, Ginger 

kiss, and vanilla wine), are longer compared to that of the high fat products (Edam cheese and 

Dark Chocolate).  The middle stage for the Ginger Nut takes up almost 40% of the 

mastication cycle while only 10% in the Dark chocolate.  The fat content or the processing of 

a product seems to influence how the food is broken down during chewing.  This may be 

attributed to the α-amylase in saliva.  It is known that α-amylase is the enzyme in saliva that 

breaks down starch in the mouth which creates a melting sensation (Engelen et al. 2003c).  

This will influence the breakdown of the sample in the mouth and may account for the 

differences in the stages of mastication between the baked products and the dairy products.   

In addition, the food matrix structure could be the reason the middle stage is shorter in the 

high fat products compared to the baked ones.  If we consider that these transition points are 

actually points of confusion for panellists, where it is difficult to identify the perceived 

texture, this could explain why a simpler product would result in a smaller middle stage.  As 

seen in Appendix 3, the cheese and chocolate samples are higher in protein content, total fat 

content and in particular, saturated fat content.  These differences in composition may be a 

contributing factor in the differences between the two groups of samples.   

Another TDS study has found comparable results to those established in this study.  For 

example, Cheong (2013) discovered that it takes a significantly longer time for a panellist to 

select their first attribute for a soft sample compared to a hard sample when looking at model 

baked goods.  It is also stated in the thesis that the harder sample has a quicker evaluation.  In 

the results presented in Figure 3-1, the middle stage of the hard sample (Gingernut) starts 

sooner than all other samples.  So not only is the perception of the hard sample easier to 

identify, the perception changes sooner as well.       

It is also apparent from Figure 3-1, that for all samples, various attributes are important at 

different stages of the mastication process.  For example, the Ginger Nut and chocolate 

samples both start hard and smooth at the beginning before transitioning into slightly 

different attributes.  These attributes are probably related to changes seen due to product 

breakdown and mixture with saliva.  On the other hand, the cheese and ginger kiss samples 

are both soft and melting at the beginning and then evolve into different attributes.  The 
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cheese, Ginger kiss, and Dark Chocolate samples all appear to be soft and melting in the 

middle stage of the mastication cycle; along with other attributes.  This could be a good 

indication of the “middle” when trying to isolate stages of the mastication cycle.  Also, when 

looking at the end of the mastication cycle, the cheese and chocolate samples have melting 

and sticky dominant attributes, and the Ginger kiss, Ginger Nut, and Vanilla Wine samples 

have Pasty and Dry as dominant attributes.   

The type of dominant attribute perceived may be related to the ingredient or processing of the 

sample.  It is interesting to note that the Pasty/Dry samples are the ones that have been baked, 

while the Sticky/Melting samples are dairy samples.  This could be a result of food matrix of 

the sample and how it is broken down in the mouth.  On the other hand, the water activity of 

the sample may play a role and its ability to absorb saliva in the mouth at the swallow point 

creating a dry or melting product.  Other studies have shown differences in the results of 

baked products compared to other products.  For example, Brown et al. (1994) found that, 

once panellist groups had been determined, their behaviour followed a trend for apple, roast 

pork, and salami, whereas the differences were not as great when investigating shortcake 

biscuits and toast. 

The TDS data for each panellist were used to group panellists based on their responses.  Only 

the beginning and end stages were used for this grouping (as these were the highest 

dominance rates from the curves).  The results have been outlined in Table 3-2.  

Participants in group one perceived products differently to the panellists in group two.  For 

instance, Edam cheese and Ginger kiss were identified as “melting” by group one and as 

“soft” by group two.  On the other hand, the chocolate and Ginger Nut samples were 

described as “Smooth” by group one and as “Hard” by group two.  The vanilla wine sample 

did not fit well into the trend of the other samples but it is a distinctly different product to the 

other samples and probably has its own breakdown pathway.  The possibility of additional 

trends forming with added products should also be noted.  For example, if a marshmallow 

product were to be included, it may show a trend from soft to sticky or melting, or if a meat 

sample were included, the terms tender or chewy may have shown a trend. 

Table 3-2:  Dominant attribute groupings by product 

 Group 1 

n=20 

Group 2 

n=26 
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Product Start End Start End 

Dark Chocolate  Smooth Sticky Hard Melting 

Edam cheese  Melting Sticky Soft Mouth-coating 

Ginger Kiss  Melting Pasty Soft Dry 

Ginger Nut  Smooth Pasty Hard Dry 

Vanilla Wine Crumbly Crispy/ Crunchy Mouth-Coating Sticky 

 

 

Figure 3-2:  PCA scores for participant groupings (numbers refer to participants) 

As seen in Figure 3-2, panellists can be separated based on dominant sensations.  These 

groupings match those identified in Table 3-3 with the same 20 participants identified from 

Group one also found in Cluster A in Figure 3-2.  Although these groupings have been 

observed, very little variability is explained (28%).  This is a result of the massive variation 

among participants.  Although panellists were screened before participation, there are so 

many variables that cannot be accounted for, including consumption history, social 

background, age, gender, etc. 

In this study, it has been hypothesized that the differences between groups may be a result of 

the vocabulary used by the individuals.  This will be investigated further in Chapter 5. 
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Other studies have also found that participants can be grouped.  One study by Brown et al. 

(1994), found that panellists separated into four groups when chewing raw carrots.  Group 1 

was a subgroup of Group 2 and had a short chew sequence.  These were the “fast chewers” 

with a high work rate at the beginning of the mastication process. Group 3 were the “slow 

chewers” with a lower work rate and Group 4 had the same chew time as Group 2 but worked 

at a higher rate.  Group 2 may be titled “energetic” or “inefficient”.  These groups were found 

to differ significantly in sensory evaluation of firmness and rubberiness. 

Later, Brown and Braxton (2000) found that the oral breakdown path for cookies differed 

between panellists and was related to the chewing efficiency of almonds and chewing gum.  

Following that, in 2011, Carvalho-da-Silva et al. discovered that panellists could be classified 

into one of three groups when consuming two samples of chocolate.  The three groups were 

titled: “fast chewers”, “through chewers”, and “suckers” and depended on the time the 

chocolate was kept in-mouth, the number and time of chews, the chew rate, and the muscle 

work by the consumer.   

3.5. Conclusion 

According to the current TDS study, the mastication process can be divided into three main 

stages (beginning, middle, and end) as determined by the transition points in the TDS curve.  

There was an exception, however.  The Dark Chocolate sample appeared to be a more simple 

product when compared to the other samples seeing as the middle stage was not very 

prevalent.   

The current study was also able to show that TDS is a good method to use when considering 

panellists as individuals rather than grouping the whole data set.  This was done by making it 

evident that panellists can be grouped into one of two categories based on the texture 

perception responses.  These groups were then confirmed by a PCA graph. 

These two groups may be a result of a number of oral processing parameters, which will be 

investigated in the following chapters. 
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CHAPTER 4: ORAL PHYSOLOGICAL FACTORS THAT 

INFLUENCE TEXTURE PERCEPTION DURING 

MASTICATION OF SOLID FOODS  

4.1. Introduction 

The mastication process is comprised of many levels and stages all of which aid in the 

ingestion of foodstuffs and influence texture perception.  It has been suggested that oral 

physiology and texture perception are tightly connected as a result of the sensory feedback 

between chewing behaviour and texture during food consumption (Salles et al. 2011).  By 

investigating various oral physiological parameters, it may be possible to gain a better 

understanding of texture perception. 

The main role of mastication is to break down food allowing for safe swallowing (i.e. proper 

bolus formation) (Coster and Schwarz 1987) and nutrient gain.  Deformation of foodstuffs in 

the mouth also has an influence on the perception of texture attributes (van Vliet and Primo-

Martin 2011), and therefore the acceptability of a product. 

Saliva has a major impact on many of the stages of mastication.  In order to form an 

acceptable bolus for swallowing, sufficient saliva is required (Hector and Linden 1999).  

Pereira, et al. (2006) showed that bolus moisture may influence texture perception.  It was 

found, when fluid was added to a food product, significant changes occurred to the oral 

physiological parameters as well as texture perception and sound attributes (Anderson and 

Hector 1987; Hector and Linden 1987).  It is therefore vital to measure saliva when 

investigating oral parameters of individuals. 

Another important parameter affecting texture perception is the number of chews an 

individual takes before swallowing the food bolus.  This is in turn influenced by a number of 

parameters.  For instance, the number of chews may increase as a result of liking (Bellisle et 

al. 2000), difficulty of chewing or hardness of the sample, (Prinz and Lucas 1995; Hiiemae et 

al. 1996; Kohyama 2002; Engelen et al. 2005; van der Bilt et al. 2006), and a higher volume 

of food (i.e. bite size) (van der Bilt et al. 2006). The number of chews taken for one product 

by one person is generally constant, but can differ greatly between people.  People do, 

however, separate into fast or slow chewers (Lucas and Luke 1986; Brown and Braxton 
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2000).  This could be a result of an individual’s physiology or may be social context (van der 

Bilt et al. 2006).  The number of chews an individual takes will be recorded in this study to 

determine any influence on texture perception. 

Across the mastication process, chewing rhythm is known to stay relatively constant for each 

person, for a given product, with the exception of the first and last chew (Kohyama et al. 

2000).  It has been shown, using toasted rusk rolls, that the viscoelastic properties of the food 

causes it to behave more viscous during a slower chew (Castro-Prada et al. 2009) relating to a 

less crisp texture perception.  For this reason, chew frequency will be calculated and recorded 

in the following study. 

There are few studies that investigate the individuality of chewing and its effect on texture 

perception.  The variations in individuals are important to understand as they may impact 

how sensory properties are perceived and what is preferential to the individual.  To date, two 

chewing parameters have been identified to differ among individuals:  chewing efficiency 

(Brown and Braxton 2000) and chew rate (Carvalho-da-Silva et al. 2011).  The relations 

between these chewing behaviours and sensory perception have not previously been 

investigated.   

In Chapter 3, it is suggested that panellists can be categorized into one of two groups, based 

on their texture perception of five solid food products.  The objective of the following study 

is to better understand these groups and identify what physical properties may have lead an 

individual into one group over another. 

4.2. Materials and Methods 

4.2.1. Samples 

Samples for bite size testing are the same as the previous study (Table 3-1). 

Samples for the chewing and bolus testing were selected based on the TDS results including:  

Rosedale Ginger kisses, Griffin’s Ginger Nut biscuits, and Mainland Edam Cheese. 
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4.2.2. Subjects 

For the bite size testing, all panellists’ data were used for analysis. 

For the chewing and bolus testing, a subset of sixteen of the original panellists was selected 

based on responses provided for the TDS testing and based on availability. There was no 

further screening for these participants. The protocol was accepted by the University of 

Guelph Research Ethics Board (REB), and informed consent was obtained from each subject. 

4.2.3. Stimulated saliva flow rate 

The panellists started the session with a measurement of their stimulated salivary flow rate.  

Participants were asked to rinse their mouth out several times with distilled water to remove 

any food particles that may be present in the mouth.  Saliva collection followed that of van 

der Bilt et al. (2006) whereby participants chewed on a single square of Parafilm M 

(Penchiney Plastic Packaging, Chicago, Illinois; 5cm x 5cm) for five minutes and 

expectorated their saliva into a 30mL plastic container at 20 second intervals, for a total of 15 

collections.   

The weight of saliva was recorded and salivary flow rate was calculated using the following 

equation. 

                              
             

        
             [Equation 4-1] 

4.2.4. Saliva addition to the bolus 

After completing the stimulated salivary flow rate test, participants’ saliva addition to each 

product was measured by collecting masticated boluses from each person at four stages of the 

mastication process:  25%, 50%, 75%, and 100%.  Participants were asked to expectorate 

their bolus at the indicated time onto an aluminium plate that had been dried in the oven at 

105 ᵒC for 16 hours before use.  The plates were then put into desiccators for 30-60 min 

before use. 

During the test, participants were given the three samples in triplicate (Edam cheese, Ginger 

Nut, and gingerkiss) to masticate.  The nine samples were presented in a random order and 

served in a 30mL plastic container. 
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The participants were involved in two sessions to complete each data collection.  All 

individuals started with the 100% stage.  For this stage, participants were instructed to chew 

the sample and to expectorate into the dried aluminum dish when they felt ready to swallow.  

The amount of time it took the panellist to get to the point where they were ready to swallow 

was recorded and the total number of chews to the point of expectoration was also recorded 

by the researcher. These results were used to calculate chew frequency using the following 

equation.     

               
                

                   
           [Equation 4-2] 

The aluminum dish was then weighed immediately after expectoration.  Upon completion, 

the averages of the triplicate samples were calculated and the time to 25%, 50%, and 75% 

were calculated.  One of the three remaining stages (25%, 50%, and 75%) was also 

completed in the first session.  These stages were randomized among panellists.  During the 

second session, the remaining two stages were completed.  Panellists were allowed water 

whenever they felt the need. Samples were weighed before and after evaluation.   

After collection of the sample, biscuit boluses were dried at 105 °C for 16 hours.  Due to the 

high fat content in the cheese, it was not dried the same way as the biscuits.  The cheese 

boluses were dried according to AOAC method 926.08 using a vacuum oven. Samples were 

weighed after drying. 

Moisture content of the bolus was determined on a dry mass basis using the following 

equation.      

                  
                                       

                   
                    [Equation 4-3] 

This measurement includes the moisture of the sample itself (not only the saliva that was 

added by the panellist), so moisture addition was calculated by subtracting the initial moisture 

content of the food sample.  The samples used in testing were dry and it can be assumed that 

there was no additional release of moisture from the sample itself. 

4.2.5. Texture Profile Analysis 

A texture profile analysis of the expectorated bolus collected from each stage of the 

mastication process for each panellist was completed using a TAXT2 texture analyzer (Stable 
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Micro Systems; Surrey, UK). The piston was equipped with a 35mm flat piston head and a 50 

N load cell.  The bolus underwent two sequential compressions of 65% deformation at a rate 

of 50.0 mm/min.  The hardness, cohesiveness, adhesiveness, and springiness attributes of the 

bolus were measured for each sample.  Hardness was recorded as the maximum force reached 

from the first compression.  Adhesiveness was measured as the area under the negative curve 

after the first compression.  Cohesiveness was calculated as the area under the second 

compression curve divided by the area under the first compression curve.  Lastly, springiness 

was calculated by dividing the time of contact between the piston tool and the bolus during 

the second compression and the time during the first compression. 

To collect the bolus for testing, panellists returned for another two sessions.  The panellist 

chewed the given sample until the required time was completed (25%, 50%, 75% and 100% 

of the mastication cycle). The time required by each participant to chew was determined from 

the chewing times recorded for each panellist during session one.  At the indicated time, 

panellists expectorated onto a flat metal dish that was able to be removed and reattached to 

the texture analyzer.  TPA was completed immediately after expectoration of the unchanged 

bolus (i.e. the bolus was not molded before the test; the protocol was also followed by Loret 

et al. (2011).   The metal dish was then washed with soap and warm water, and dried before 

the next test. 

4.3. Data Analysis  

Bite size data were analyzed by completing post hoc tests using SPSS Statistics 19 (2010) to 

identify any sample, replicate, and/or panellist effects, as well as any interactions.  For all 

other data analysis, t-tests were used to identify differences between groups.  The 

significance was defined as P<0.05.    

4.4. Results and Discussion 

4.4.1. Bite size 

To complete the bite size analysis from Chapter 3, all five samples and all participant’s data 

was used.  

Mean bite size data are shown in Figure 4-1 where significant differences in bite size among 

the samples tested are shown.  When considering the group data, the vanilla wine had the 
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smallest bite size (mean=2.1 g ± 0.57), which was significantly different to all other samples.   

Ginger Nut (mean=2.8 g ± 0.80), Ginger kiss (mean=3.3 g ± 0.98) and Edam Cheese 

(mean=3.3 g ± 0.90) required larger bite sizes but were not significantly different to each 

other.  The mean bite size for the Dark Chocolate was 5.3 g ±1.83, which is significantly 

larger than all other samples.  It was originally thought that the large bite size of the chocolate 

sample was a result of panellists breaking off a segment of the chocolate by hand, rather than 

taking ‘one natural bite’ as instructed.  However, the average weight of one segment of 

chocolate was measured to be 6.5 g and calculated to be 6.3 g (package weight is 250 g/40 

segments in one package=6.3 g/segment).  Therefore, 5.3 g is the weight of ‘one natural bite’ 

and not broken off by hand.   

When comparing bite sizes between the two groups, no significant differences were observed.  

There was a sample effect, no replicate effect, and a judge effect.  There was also a 

sample*judge interaction, but no replicate*judge interaction or sample*replicate interaction 

was observed (Appendix 2).  This indicates that there is a difference among panellists but 

each panellist is consistent in their responses for each replicate and each sample. 

 

 

Figure 4-1:  Mean bite size for five products.  (n=20 group 1, n=26 group 2) 
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4.4.2. Stimulated salivary flow rate, chew time, number of chews, and 

chew frequency 

Edam cheese, Ginger Nut biscuits, and Ginger kiss biscuits were used.  The sample size for 

this phase of the project was approximately 3 g (as determined from Figure 4-1), as this was 

the average bite size for all samples as recorded during the TDS test. 

Table 4-1:  The samples used for Chapter 4 

Sample Manufacturer Location 

Edam Cheese Mainland Dunedin, New Zealand's 

Ginger Nut biscuits Griffin’s Manukau City, New Zealand 

Ginger Kisses Rosedale Auckland, New Zealand 

 

To complete these tests, panellists with the smooth/melting response from the TDS study 

were labeled group 1 and panellists with the soft/hard responses from the TDS study were 

labeled group 2.  Subsets of the original panellists were then brought back for continued 

testing over four sessions. Some parameters were focused around the individual, while others 

were focused on the bolus. 

 

To determine which samples to use, the responses of the panellists were investigated.  

Because the vanilla wine sample did not fit the trend of the other samples, it was not used in 

these tests.  The Ginger Kiss, Ginger Nut, and Edam cheese samples allowed for the 

panellists to be broken up into two groups very easily, whereas the Griffin’s Vanilla Wine 

biscuits were not consistent in the groupings.  The Whittaker’s 72% Cocoa-Dark Chocolate 

was also eliminated as a result of being a “simple” product.  When the TDS curve of this 

sample was shown, there seemed to be only two phases to the mastication cycle (i.e. only one 

“transition phase”), whereas the other samples had three phases; a beginning, middle, and 

end. 
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Table 4-2:  Oral physiological results for group 1 and group 2. 

 

Group 1 Group 2 

Mean
1 

Standard 

Error Mean
2 

Standard 

Error 

Salivary Flow Rate (g/min) 1.2 a
3
 0.08 1.5b 0.07 

Chew 

Time (s) 

Edam Cheese 9.9a 0.52 11.4a 0.83 

Ginger Kiss 9.9a 0.67 9.6a 0.68 

Ginger Nut 14.9a 0.75 15.5a 0.77 

Number 

of Chews 

Edam Cheese 13.7a 0.73 15.1a 1.34 

Ginger Kiss 12.7a 0.76 12.4a 1.17 

Ginger Nut 21.0a 0.98 20.2a 1.32 

Chew 

Frequency 

(chew/s) 

Edam Cheese 1.4a 0.05 1.3a 0.05 

Ginger Kiss 1.4a 0.15 1.3a 0.07 

Ginger Nut 1.4a 0.04 1.3b 0.05 

1
n=9 

2
n=7 

3
Means in a row with the same letter are not significantly different (P<0.05) 

Table 4-2 shows the comparison between the two groups with respect to Salivary Flow Rate, 

Chew Time, Number of Chews and Chew Frequency.  There was a significant difference 

between the stimulated salivary flow rates of each group.  The mean rate for group 1 was 1.2 

g/min while group 2 had a mean rate of 1.5 g/min.  There were no significant differences in 

the amount of time to reach the swallow point between the two groups for any of the samples.  

There were also no significant differences in the number of chews to 100% of the mastication 

cycle between the two groups for any of the samples. 

Within each group there was a significant difference in chew frequency for the Ginger Nut 

sample of the two groups, but for all other samples, no significant differences were found.  A 

Ginger Nut is a much harder product than both Edam Cheese and a ginger kiss.  It is 

interesting to note that the difference between groups is significant for the Ginger Nut, 

compared to the other two samples, even though the mean values are similar.  This could be 
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because the standard error for the Edam Cheese is slightly larger and with a larger error 

comes more overlap in the data between groups. 

It is evident in Table 4-2 that the number of chews increases with sample hardness.  This has 

also been seen in other studies (Prinz and Lucas 1995; Hiiemae et al. 1996; Kohyama 2002; 

Engelen et al. 2005; van der Bilt et al. 2006),  and it is suggested to influence the final 

swallow point (Salles et al. 2011). 

It is shown in other research that there is no relationship between salivary flow and the 

texture ratings of the panellist in semisolids (Engelen et al. 2003b), which could be attributed 

to the possibility that panellists have their own frame of reference when it comes to salivary 

flow and ratings of texture perception (Engelen et al. 2003c).  These results are contrary to 

the ones found in this study which could be because of the difference between stimulated and 

unstimulated salivary flow rate; in the reference study, unstimulated salivary flow was used; 

while the current study had panellists chew on parafilm to stimulate flow (Chen 2009). 

Other research has shown that groups can be determined based on the number of chews, 

chewing time, total muscle work, and chew work rate.  A greater difference between groups 

was observed when consuming apples and raw carrots as compared to toast and biscuits 

(Brown et al. 1993).  It is suggested that differences between groups are better shown in the 

raw carrot and apple samples as a result of the way that the sample is broken down in the 

mouth or because of the minimal moisture uptake by these samples.  This may be why the 

results in the current study are not comparable to published results.  The results below will 

indicate the moisture uptake by the samples used in this study. 

4.4.3. Saliva Addition  

Saliva addition and a texture profile of the bolus were measured at 25%, 50%, 75%, and 

100% of the mastication cycle.  The results for the saliva addition from each group are shown 

in Figure 4-2. 
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Figure 4-2:  Saliva Addition results for group 1 and group 2 at the four stages of 

mastication.   a) Edam Cheese, b) Ginger Kiss, c) Ginger Nut.  Stars indicate significant 

differences between the two groups.    
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It was found that more saliva was added by group 2 at most mastication levels when 

compared to group 1.  This was only significant at the 75% and 100% mastication levels for 

the Ginger Nut samples.  This is consistent with the salivary flow rate results where group 2 

has a significantly higher flow rate compared to group 1.   

4.4.4. Texture Profile Analysis 

The last measurement completed was a texture profile of the bolus at 25%, 50%, 75%, and 

100% of the mastication cycle.  Figures 4-3 to 4-5 show the results from the Texture Profile 

Analysis of the expectorated boluses for each sample at each mastication level.  Group 1 and 

group 2 were compared to determine differences in bolus texture at each mastication level.   

There were significant differences found between the two groups for the cohesiveness of 

Edam cheese at 50% and Ginger Nut at 25%, for the Springiness of Edam cheese at 50% and 

Ginger kiss at 25%, for the Adhesiveness of the Ginger kiss at 25%, 50%, 75%, and 100% 

and for the Ginger Nut at 50%, 75%, and 100%, and for the Hardness of the Edam cheese 

sample at 75% of the mastication cycle.  There were no other significant differences found 

between the two groups for any of the samples at any of the mastication levels. 
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Edam Cheese  

a) 

  

b) 

 

c) 

  

d) 

 

Figure 4-3:  TPA results for Edam Cheese  

 a) Hardness, b) Springiness, c) Cohesiveness, d) Adhesiveness  

 * Indicates significant difference between groups 
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Ginger Kiss  

a) 

  

b) 

 

c) 

 

d) 

 

Figure 4-4:  TPA results for Ginger Kiss  

a) Hardness, b) Springiness, c) Cohesiveness, d) Adhesiveness  

* Indicates significant difference between groups 
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Ginger Nut  

a) 

 

b) 

 

c) 

 

d) 

 

Figure 4-5:  TPA results for Ginger Nut  

a) Hardness, b) Springiness, c) Cohesiveness, d) Adhesiveness  

* Indicates significant difference between groups 
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Current results are consistent with other findings.  For example Peyron et al. (2011) found 

that the hardness of cereal products significantly decreased from beginning of mastication to 

swallow, with the largest decrease occurring during the first third of the mastication 

sequence.  Adhesiveness, cohesiveness, and springiness all significantly increased as the 

sequence proceeds.  Yven et al. (2006)  found that cohesiveness between food particles is 

maximal at the swallow point which is also found in this study for both groups of 

participants. 

As seen in Figure 4-5, adhesiveness is the parameter which brings out the most significant 

difference between the two groups.  Definitions for the measured terms are shown in Table 4-

3 as defined by Szczesniak (1962). The definition suggests that adhesiveness has many sites 

that could influence its perception (i.e. the palate, teeth, and tongue) and that it is the only one 

associated with surface properties compared to forces of attraction involving particles of the 

food (Szczesniak 1962).  This may suggest that the difference between the two groups of 

people lies within the perception transmitted by the palate, teeth, and/or tongue. 

It was also indicated by Szczesniak (1962), that moisture content and adhesiveness was 

inversely related.  For example, a high adhesiveness measure was only found with a low 

moisture content measure, and vice versa, depending on the food type and composition.  

These results are contrary to the ones found in this study.  It is indicated that Group 2 has a 

significantly higher salivary flow rate, significantly higher saliva addition to the Ginger Nut 

sample at 75% and 100% of the mastication process; however, Group 2 also has a higher 

adhesive measure according to the TPA results. 

Table 4-3:  Definitions of texture terms measured, taken from Szczesniak (1962) 

Term Definition 

Hardness The force necessary to attain a given deformation. 

Cohesiveness  

 

The strength of the internal bonds making up the body of the 

product. 

Adhesiveness The work necessary to overcome the attractive forces between 

the surface of the food and the surface of other materials with 

which the food comes in contact (e.g., tongue, teeth, palate, etc.) 

Springiness/ Elasticity The rate at which a deformed material goes back to its 

undeformed condition after the deforming force is removed. 
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It has been found in other studies that cohesiveness of the bolus plays a larger role in 

swallowing than adhesiveness (Woda et al. 2006) as found in this study.  Prinz and Lucas 

(1997) have been quoted in Woda et al. (2006) as saying that “mastication serves to form a 

food bolus that must be plastic, well lubricated, and above all cohesive” because it allows the 

bolus to act, and stay, as a single unit during swallow.  The difference in the results may be 

explained by Pons and Fiszman (1996).  They suggest that cohesiveness may not be the same 

measure in all foods since it is possible to have a foodstuff that can be deformed irreversibly, 

but without any visible fracture.  For example, chewing gum or certain gels (locust bean gum 

+ κ-carrageenan, alginate, gellan gum, etc.) would give a low cohesiveness value (as defined 

by (A2/A1; the calculation used from the TPA curve), despite being ultimately cohesive 

(identified as the internal bonds maintenance of the integrity of the product). 

It is however interesting to note that, even though the results are not significant, the bolus of 

group 1 is more adhesive for all samples, group 2 is more cohesive for the Edam cheese 

sample but group 1 is more cohesive for the Ginger Nut sample, and the bolus of group 1 is 

harder.  Group 1 also takes more chews to get to swallow even though the bolus is recorded 

as having a higher hardness measurement.  This may be influenced by the consideration that 

the hard texture term may be evaluated at first bite.  This would be recorded in the TDS test, 

whereas the texture profile is evaluated at 25% of the mastication cycle.  With more 

participants, it may have been possible to observe significant differences between groups, 

however, panellists were selected based on previous responses and are a valid representation 

of the population.   

When comparing the results from the TDS study in the previous chapter and the results from 

the TPA in this chapter, there is a small relationship between the sensory responses and the 

instrumental results.  Similar results have been found in other studies (Pons and Fiszman 

1996). 

4.5. Conclusion 

From the previous chapter, panellists were separated into one of two groups based on their 

texture perception responses.  A subset of panellists from each group returned for analysis of 

oral processing characteristics to attempt at an explanation for these groups.  Group 1 was the 

melting/pasty group and group 2 was the hard/soft group.   
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It was concluded that bite size was not significantly different between the two groups but did 

depend on the sample.  Group 2 was found to have a significantly higher stimulated salivary 

flow rate when compared to group 1 and group 1 had a significantly higher chew frequency 

for the Ginger Nut sample when compared to group 2.  Group 2 also had a significantly 

higher amount of saliva in the bolus of the Ginger Nut sample at the end of the mastication 

process (75% and 100%). This could be each groups way to reach the final swallowing 

threshold.  There were no other significant differences between groups for the number of 

chews to swallow or the chew frequency for the Edam Cheese or the Ginger Kiss biscuit. 

Lastly, there were few significant differences between groups for the texture profile of the 

bolus of each group, but adhesiveness seems to be the most differentiating. 

To conclude, this study suggests that the difference between groups of panellistst could be 

related to saliva.  This study should be used as a stepping stone for future research and to 

raise more questions in the field. 

With the lack of significant differences between groups from the current study, questions 

arose regarding panellists’ response to the textures they actually perceived.  Even though a 

training session was carried out for the TDS study that defined the texture terms used, it may 

be that the panellists did not completely understand these definitions and it is this 

misunderstanding that leads to the difference between groups. 

On the other hand, in the TDS study, a list of texture terms is given to the panellists.  It could 

be possible that the textures that the panellists perceived were not in the list provided.  For 

these reasons, a study of vocabulary will be discussed in the next chapter. 
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CHAPTER 5: EXAMINING VOCABULARY USE IN 

INDIVIDUALS TO EXPLAIN TEXTURE PERCEPTION 

RESPONSE 

5.1. Introduction   

Vocabulary is important for the adequate description of food product perception (Antmann et 

al. 2011).  This is one reason why training sessions are required during some sensory panels.  

When conducting a sensory panel, time is taken before the study to help participants better 

understand what is being asked of them.  Included in this time is a review or generation of the 

definitions of the terms to be used for evaluation.  To better bridge the gap between what is 

said and what is actually perceived, studies sometimes include reference samples to help 

better the understanding and create a frame of reference.  

Although care is taken during sensory studies to create a similar frame of reference and 

language, few studies have looked at how consistent groups of individuals are in terms of 

language used to describe texture.  Sensory cues are used to help describe food, but there is 

little in the way of research to understand if people use the same words when describing 

foods.  It was found in a study by Brown and Braxton (2000) that there was agreement among 

panellists even though there were differences among individuals in the breakdown pathway 

of various samples.  This may indicate that experience and communication are major factors 

in panellists’ responsiveness to food textures and how sensory cues are identified.  

Studies to date only compare languages (Blancher et al. 2007; Tu et al. 2010; Galmarini et al. 

2013) or cultures (Antmann et al. 2011; Varela et al. 2013) in terms of vocabulary use.  The 

results of these studies are similar in that there are minimal differences in vocabulary use 

among groups of panellists.  For example, Lawless et al. (1997) compared 70 texture and 

mouthfeel terms in English and Finnish languages to investigate how these concepts could be 

categorized.  For each language, a consumer and food professional panel compared words 

using the following major categories:  geometrical, particle-related, the degree of open 

structure, firmness/compressibility, thickness and adhesiveness, deformability and elasticity, 

moisture terms, oiliness, and a category related to the presence of agitation.  The differences 

between groups were generally related to the difference between languages (i.e. Finnish has 

three specific words for the English term “thick”) or taking on particular frames of reference 
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for certain foods (i.e. sauce-related terms for Finnish food professionals).  However, it was 

found that texture was evaluated on dimensions that are consistent between these two 

cultures.   These results are similar to those found by Tu et al. (2010) who compared the 

description of soy yogurts by French and Vietnamese panellists.  It was decided that 

panellists agreed on the meaning of the attributes whether Vietnamese or French.  

Despite these similarities, Szczesniak (1962) was able to explain that many terms can be used 

to describe a single attribute.  For example the popular terms used to describe cohesiveness 

include:  crumbly, crunchy, brittle, tender, chewy, tough, short, mealy, pasty, and gummy.  

The characterization of terms by Szczesniak (1962) are shown in Table 5-1. 

Table 5-1:  Terms adapted from Szczesniak, (1962) which will be used to classify terms 

derived in this study. 

Mechanical characteristics 

Primary Secondary Popular  

Hardness 

 

Soft, Firm, Hard 

Cohesiveness Brittleness Crumbly, Crunchy, Brittle 

 

Chewiness Tender, Chewy, Tough 

 

Gumminess Short, Mealy, Pasty, Gummy 

Viscosity 

 

Thin, Viscous 

Elasticity 

 

Plastic, Elastic 

Adhesiveness  Sticky, Tacky, Gooey 

Geometrical Characteristics 

Class Example 

Particle size and shape Gritty, Grainy, Coarse, etc. 

Particle shape and orientation Fibrous, Cellular, Crystalline, etc. 

Other Characteristics 

Primary Secondary Popular  

Moisture Content  Dry, Moist, Wet, Watery 

Fat Content Oiliness Oily 

 

Greasiness Greasy 
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Using the idea that many terms can be used to describe one attribute may provide insight into 

the reason for two groups of individuals that were found in Chapter 2.  The results obtained in 

the previous work may be an effect of vocabulary or how people describe what they perceive, 

rather than an actual difference in perception. Even though the original TDS study included a 

training session complete with reference samples, it is possible that: 1) participants did not 

really understand the definitions, 2) the term they were looking for in the TDS study was not 

provided, 3) the task of remembering the meaning of the terms and relating it back to the 

sample and their texture perception may have been too daunting for certain panellists, 4) 

some panellists are more comfortable with using certain terms over others.   

The objective of the current study was to investigate if panellists actually perceive samples 

differently or if they used words in a different way.  One method for investigating vocabulary 

use by panellists is Ultra-Flash profiling (UFP).  This method allows panellists to generate 

their own list of sensory attributes based on the sample given.  The main benefit to 

researchers is the efficiency of this method since consumers do not need to be trained and 

only one session is required (Dairou and Sieffermann 2002).  This method is ideal for the 

current study as it is efficient and there is no outside influence on the terms generated by the 

panellists.  Normally, UFP is used to characterize all sensory properties.  In the current study, 

however, a modified UFP will be used as panellists will only be describing texture terms and 

not all attributes of the foods. 

5.2. Materials and Methods 

Two studies were completed.  The first collected information for textures described over the 

entire mastication process, and the second separated textures into those described at the 

beginning of chewing, and at the end, before swallowing. 

5.2.1. Samples 

For both studies, samples were selected to include a wide range of texture properties (Table 

5-2).  The size of the sample used in testing was chosen to ensure that panellists had enough 

of the sample to take a second bite if necessary for evaluation, but not too large to be in 

excess.  
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Table 5-2:  Sample and sample sizes used in this study. 

Sample  Manufacturer Location Size 

Two-bite Brownies Selection Toronto, Ontario, Canada One brownie 

Gingersnaps President’s Choice Toronto, Ontario, Canada One Biscuit 

Dark Chocolate,  

     72% Cocoa 

Irresistible Brand Toronto, Ontario, Canada One Segment 

Cheddar Cheese No name Brand Toronto, Ontario, Canada 1.5cm x 1.5cm x 3cm 

Arrowroot Biscuits President’s Choice Toronto, Ontario, Canada One Biscuit 

 

5.2.2. Subjects 

In the first study, forty-seven participants were recruited from the University of Guelph and 

surrounding area.  All reported their first language as English.  None had allergies or food 

sensitivities to the samples provided.  They were also screened for major dental work carried 

out in the last six months.  The protocol was accepted by the University of Guelph Research 

Ethics Board (REB), and informed consent was obtained from each subject. 

In the second study, nine panellists were recruited using the same criteria used for the first 

study. 

5.2.3. Modified Ultra-Flash Profile 

For both studies, participants completed a Modified Ultra-Flash Profile (UFP) technique.  For 

this technique, panellists took a bite of the sample and wrote down any texture terms that they 

perceived during mastication.  There was no restriction on the number of terms written down, 

the number of bites taken, or the time it took to evaluate the sample.  The only requirement 

was that terms used to describe products must be texture attributes (i.e. no flavour, visual 

attributes, aroma attributes, or liking).  Once panellists had generated their list of attributes, 

they were asked to confirm that: 1) their list only included texture terms, 2) there were no 

synonyms within each list, 3) and no intensity terms were included.  Lists were reviewed 

privately with each panellist for clarification at the end of each session.  At the beginning of 
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the test, a trial sample, unrelated to the test samples, was completed to ensure panellists 

understood the task. 

In both studies, samples were presented individually in a lidded 4 oz Styrofoam cup and 

labelled with a 3-digit code. Samples were served in a random order and panellists were 

provided with water and unsalted crackers to be used as palate cleansers. 

The first study involved five sessions of eight to ten participants each.  Each session was 

thirty minutes long.  All sessions were held at the same time every day to minimize any day 

effect that would occur during testing.  During each session, panellists were asked to sit at a 

large table where they were presented with the required paperwork, the trial sample, five test 

samples, and water and crackers as palate cleansers.   

During the first study, texture terms were generated for the mastication cycle as a whole and 

the attribute list described textures occurring during the process in its entirety.  In the second 

test, attributes detected at the beginning and end of the mastication cycle were collected 

separately to determine if more information could be obtained by separating out different 

phases of the mastication cycle.  This was completed with nine panellists who had not taken 

part in the first study.  They were asked to make a list of texture terms perceived at the 

beginning of mastication and a second list for textures perceived at the end of mastication.  

To do this, five seconds after the first bite, as timed by the researcher, the panellists were 

asked to make the first attribute list.  This was used as the “Beginning” of the mastication 

process.  Panellists could continue to chew and swallow the sample but no new terms were 

generated.  For the textures perceived at the end of mastication, panellists were asked to take 

another bite of the sample and write down their attribute list “a few chews before you 

swallow”, as determined by the panellist.  This list was used as the “End” of the mastication 

process.  Once the participants had completed their evaluations, they were asked to confirm 

that their list only included texture terms, there were no synonyms within each list, and no 

intensity terms were included.  Lists were reviewed privately with each panellist for 

clarification at the end of each session.   

5.3. Data Analysis 

There are two parts to this study.  To begin, the frequency of use of each term generated was 

determined and descriptive statistics (mean, maximum, and minimum) were calculated.  
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Terms were then coded according to Szczesniak (1962) into more generic terms to minimize 

for the variability in responses.  To look for similarities/dissimilarities of respondents, a 

factor analysis and cluster analysis was used to group participants over the whole mastication 

cycle (part 1) and then separated this into beginning and end of mastication (part 2).  Factor 

analysis was completed using Microsoft XLstat, 2007, where the Jaccard method and simple 

linkages was selected.  Cluster analysis was done using SPSS Statistics 19 (2010) on the 

coded terms. 

5.4. Results and Discussion 

5.4.1. Descriptors used for texture attributes over entire mastication 

process 

Table 5-3:  A summary of the number of terms used to describe each sample. 

  

Dark 

Chocolate 

Cheddar 

Cheese Brownie Gingersnap Arrowroot 

Average 3.3  3.2  3.5  3.7  3.6  

Minimum 1 2 1 2 1 

Maximum 6 5 6 6 7  

Total  157  151  165  172  168  

 

Table 5-3 displays descriptive statistics for the first study.  The average number of terms used 

by each person ranges from 3.2 to 3.7 depending on the product, with the minimum of one 

term to a maximum of seven terms for a single product.  A large number of terms can be 

generated for a single product by only 47 panellists with between 151 to 172 total terms 

generated to describe texture of the products.  This indicates that, with approximately three 

terms per person per product, a variety of different terms can be used to describe a single 

product.  The terms most used by participants to explain all products were Soft (used 98 

times), Hard (used 77 times), and Smooth (used 71 times).  A full list of terms used by 

participants to describe the texture of each product is found in Appendix 4. 
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5.4.2. Categorization of vocabulary use 

Table 5-4 shows how each term generated by a participant in the current study would fit into 

the categorization of terms developed by Szczesniak et al. (1962).  The frequencies of the 

primary category terms (i.e. the number of times a word was categorized into a primary 

attribute such as hard, cohesive, viscosity, etc.) will be used when completing factor analysis 

and cluster analysis on the generated terms lists.   
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Table 5-4:  Adapted from Szczesniak, 1962, with the addition of terms used by current 

participants 

Mechanical characteristics 

Primary Secondary Popular  Additional words used by participants 

Hardness 

 

 Soft, Firm, Hard  

Cohesiveness Brittleness Crumbly,  

Crunchy, Brittle 

 

Crusty, Crispy, Brisk, Breakable, 

Aggregated 

 Chewiness Tender, Chewy, 

Tough 

 

Clay, Sludgy, Squishy, Conglomerate, 

Soggy, Globular 

 Gumminess Short, Mealy, 

Pasty, Gummy 

 

Cakey, Gelatinous, Clumpy, Doughy 

Viscosity  Thin, Viscous Dissolving, Solid, Thick, Dense, 

Fluffy, Heavy, Light, Melty, Diffuse, 

Airy 

 

Elasticity  Plastic, Elastic Rubbery, Deformable, Pliable, 

Spongy 

 

Adhesiveness  Sticky, Tacky, 

Gooey 

Malleable, Mushy, Slippery, Slimy, 

Yielding 

Geometrical Characteristics 

Class Example Additional words used by participants 

Particle size and 

shape 

 

Gritty, Grainy, 

Coarse, etc. 

Silky, Velvety, Chunky, Flaky, Homogeneous, Smooth, 

Rough, Sandy, Silty, Bumpy, Scratchy, Granular, Uneven 

Particle shape and 

orientation 

Fibrous, 

Cellular, 

Crystalline, 

etc. 

Sharp, Jagged, Crystallized, Fragmented, Pointy 

Other Characteristics 

Primary Secondary Popular  Additional words used by participants 

Moisture Content 

 

 Dry, Moist, Wet, 

Watery 

Absorbent, Powdery, Chalky, Dusty, 

Liquid,  

Fat Content Oiliness Oily Creamy 

 Greasiness Greasy Buttery, Warmth 

 

5.4.3. Factor Analysis 

Factor Analysis was completed on the frequency data for the primary terms and plots are 

presented in Figure 5-1.  The Factor analysis figures depict two dimensions related to the 

frequency of responses for the products.  The diamonds in each plot are individual 
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respondents.  For example, a high “Hardness” measure would account for the frequencies of 

all terms in that category including “Soft”, “Firm”, and “Hard” as shown in Table 5-1.  For 

all products only a small amount of variability is explained by the first two dimensions and 

few relations among people can be observed with one exception; the dark chocolate.  The 

groups of responses for this sample are shown in Figure 5-1a. The trend shows that there may 

be multiple groups for describing the texture of the sample.  These groups fall predominantly 

along the second dimension where one group used terms associated with the Cohesiveness 

and Adhesiveness of the product, another group used terms associated with the particle size 

and shape of the product, and the last group appears to use a composite of hardness, moisture 

content, fat content, and particle shape and orientation.  If these are related back to the 

classifications put forth by Szczesniak (1962), the cohesive/adhesive group used mechanical 

terms.  The particle size and shape group used geometrical terms which related to how the 

product feels in the mouth.  The last group used terms related to all three classifications: 

mechanical, geometrical, and other. 

Others have also classified chocolate eaters into groups.  Carvalho-da-Silva et al. (2011) 

placed individuals into one of three categories as they consumed chocolate: “fast chewers”, 

“thorough chewers” and “suckers”.  The authors stated that the main differences between 

these groups were associated with the time chocolate was kept in mouth, the chew rate and 

the muscle work.  It was found that the “thorough chewers” had a significantly higher 

average number of chews, total time chewing, and muscle work.  These individuals may be 

compared to the “mechanical” chewers (the cohesive/adhesive group) found in the current 

study because mechanical terms are generally those that describe what is happening in the 

mouth during mastication and the number of chews, total time chewing, and muscle work 

could also explain that.  The “suckers” as found in the chocolate study, had a shorter total 

chew time, a lower chew rate and muscle work, and a higher number of swallows.  These 

individuals may compare to the “geometrical” chewers (particle size and shape) found in the 

current study, since, during sucking, the tongue would move around and feel the particle size 

and shape.  Lastly, the “fast” chewers in the chocolate study were found to have the chocolate 

in the mouth for a shorter time, with a high chew rate and a low number of swallows.  These 

individuals may compare to the individuals who use all three categories to describe the 

texture in the current study.  It may be that these people consume the chocolate so quickly 

that perception is not fully explored and a range of characteristics are described.  All of these 

comparisons are speculation and more work would need to be done to confirm this. 
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Figure 5-1:  Factor analysis of frequency of descriptors a) Dark Chocolate, b) Cheddar 

Cheese, c) Brownie, d) Gingersnap, and e) Arrowroot cookies. 
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The number of attributes used to describe a product and how well the participants agree on 

the terms used could be related to the simplicity of the product texture.  For example, the 

Cheddar Cheese product uses the least number of terms to describe the product (3.2) (Table 

5-3) and all participants are central on the Factor Analysis plot (Figure 5-1) with 34.20% of 

the variability explained.  This suggests that participants agree on how to describe the texture 

of the Cheddar Cheese sample.   

In comparison, the Arrowroot sample has the highest average number of terms used to 

describe the texture of the product (3.6) (Table 5-3) and, when looking at Figure 5-1, it is 

apparent that there is little agreement among participants, with little variability explained 

(26.5%).  This suggests that participants are unsure of how to describe the texture of the 

sample and come up with a number of terms to try to identify what they perceive.  The 

underlying cause of the uncertainty among participants could be attributed to the 

homogeneity and oral processing of the samples.  The cheese and chocolate samples seem to 

be the easier textures for individuals to agree on descriptors for.  The other samples are all 

wheat based, baked products, which have a cellular structure with a matrix that contains 

interconnected cells.  This cell structure leads to a solid bolus and only breaks down during 

mastication and the addition of saliva.  This structure may have an influence on the 

descriptors that individuals generate.  On the other hand, the chocolate and cheese samples 

are dense and do not have a cellular matrix.  These samples are more prone to melting in the 

mouth when saliva and heat are added and do not fracture like the baked products do.  The 

uptake of saliva by these samples may also influence this distinction of products.  The baked 

products would absorb saliva into the pores of its structure, whereas the cheese and chocolate 

samples would coat the mouth and allow saliva to free flow in the mouth.  This is supported 

by the occurrence of wet terms as seen in Tables 5-5 and 5-6. 

5.4.4. Cluster Analysis 

To confirm the work from the factor analysis, another multivariate technique was used to 

show groupings of individuals based on their word use.  The Agglomerative Hierarchical 

Clustering (AHC) analysis was completed on the coded terms into the three main categories 

(Mechanical, Geometrical, and Other).  Results for each product identify three groups for 

each sample.  These groups included one large group of panellists with two to three smaller 

groups of individuals (Figure 5-2). 
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Figure 5-2:  Cluster analysis groupings of individuals when describing the texture of 

products. a) Arrowroot, b) Brownie, c) Cheese, d) Chocolate, and e) Gingersnap. 
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For each cluster, the numbers of times a “mechanical”, “geometrical”, or “other” term were 

plotted.  This was done to see what group of terms is important for each cluster.  The percent 

response on the y-axis is the number of times that category of terms was used by that group 

of people as a percent.  From these results, it is evident that mechanical terms are the most 

widely used when describing these samples and it is the use of Geometrical and Other terms 

that differentiates the various groups.  This may suggest that vocabulary is not the main 

influence in texture perception because the mechanical terms describe what is happening in 

the mouth and may indicate that this is more important than vocabulary when describing 

perception. 

5.4.5. Descriptor generation for beginning and end of mastication 

Because no groupings of individuals could be observed when describing textures during the 

entire mastication cycle, the second study separated the beginning and ending perceptions to 

determine if differences could be observed based on different parts of the chew.  Similar to 

study one, a cluster analysis was completed on the data to group individuals based on the 

frequency of terms used.  For each group, the number of times a descriptor was used at the 

beginning and end of mastication was counted and the percent response by sample is shown 

in Table 5-5 and 5-6.  Results shown are percent responses (the percent of panellists in that 

group who used that term).  For example, 14.29% of people in group 2 used “Brittle” to 

describe the Arrowroot at the beginning of mastication. 
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Table 5-5:  Percent response (the percent of panellists in that group who used that term) 

of each descriptor for each product for each group at the beginning of mastication 

Beginning of Mastication 

A
rr

o
w

ro
o
t 

Group 1 (n=7) Group 2 (n=1) Group 3 (n=1) 

  Brittle 14.3 Crumbly 100.0 Chunky 100.0 

  Crispy 14.3 Granular 100.0 Dry 100.0 

  Crumbly 14.3 Sharp 100.0 Hard 100.0 

  Crunchy 71.4 Stiff 100.0 Sharp 100.0 

  Dry 14.3 

  

Soggy 100.0 

  Fluffy 14.3 

      Hard 85.7 

      Smooth 14.3? 

      

B
ro

w
n
ie

 

Group 1 (n=5) Group 2 (n=3) Group 3 (n=1)     

Chewy 20.0 Chalky 33.3 Chewy 100.0 

  Dense 40.0 Crumbly 66.7 Crumbly 100.0 

  Dissolvable 20.0 Dry 66.7 Moist 100.0 

  Fluffy 20.0 Fluffy 33.3 Mushy 100.0 

  Grainy 60.0 Moist 33.3 Soft 100.0 

  Soft 100.0 Light 33.3 

    Sticky 20.0 Smooth 33.3         

C
h
ee

se
 

Group 1 (n=7) Group 2 (n=1) Group 3 (n=1) 

  Creamy 14.3 Creamy 100.0 Mushy 100.0 

  Delicate 14.3 Chunky 100.0 Pasty 100.0 

  Dense 14.3 Soft 100.0 

    Sticky 14.3 Sticky 100.0 

    

C
h
o
co

la
te

 

Group 1 (n=4) Group 2 (n=2) Group 3 (n=2) Group 4 (n=1) 

Brittle 25.0 Crumbly 100.0 Chewy 100.0 Smooth 100.0 

Dense 25.0 Hard 100.0 Firm 100.0 Soft 100.0 

Hard 100.0 Solid 50.0 Flaky 50.0 Sticky 100.0 

Moist 25.0 

  

Smooth 100.0 

  Smooth 25.0             

G
in

g
er

sn
ap

 

Group 1 (n=5) Group 2 (n=2) Group 3 (n=1) Group 4 (n=1) 

Crispy 20.0 Crunchy 50.0 Chunky 100.0 Crispy 100.0 

Crumbly 40.0 Dry 50.0 Crumbly 100.0 Crunchy 100.0 

Crunchy 100.0 Grainy 100.0 Dry 100.0 Dry 100.0 

Hard 80.0 Hard 100.0 Hard 100.0 Firm 100.0 

Light 80.0 

  

Light 100.0 

  Rough 60.0     Sharp 100.0     
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Table 5-6:  Percent response (the percent of panellists in that group who used that term) 

of each descriptor for each product for each group at the end of mastication. 

End of Mastication 

A
rr

o
w

ro
o
t 

Group 2 (n=7) Group 1 (n=1) Group 3 (n=1)     

Clumpy 14.3 Granular 100.0 Fine 100.0 

  Dry 14.3 Stiff 100.0 Mealy 100.0 

  Fluffy 14.3 Thick 100.0 Smooth 100.0 

  Grainy 71.4 

      Light 14.3 

      Moist 14.3 

      Mushy 42.9 

      Pasty 14.3 

      Soft 42.9 

      Sticky 28.6 

      Thick 14.3 

      Wet 14.3             

B
ro

w
n
ie

 

Group 1 (n=6) Group 2 (n=1) Group 3 (n=1) 

  Chewy 16.7 Gooey 100.0 Grainy 100.0 

  Liquidy 16.7 Moist 100.0 Moist 100.0 

  Mushy 33.3 Mushy 100.0 Mushy 100.0 

  Smooth 50.0 Pasty 100.0 

    Soft 50.0 Smooth 100.0 

    Sticky 50.0 Soft 100.0 

    Wet 16.7 

      

C
h
ee

se
 

Group 3 (n=4) Group 2 (n=3) Group 1 (n=1) Group 4 (n=1) 

Creamy 25.0 Moist 33.3 Mushy 100.0 Gooey 100.0 

Liquid 25.0 Soft 66.7 Sticky 100.0 Soft 100.0 

Pasty 50.0 Smooth 100.0 

  

Sticky 100.0 

Solid 25.0 Sticky 66.7 

  

Wet 100.0 

Smooth 100.0             

C
h
o
co

la
te

 

Group 1 (n=5) Group 2 (n=3) Group 3 (n=1) 

  Fatty 20.0 Chewy 33.3 Gooey 100.0 

  Moist 40.0 Liquidy 66.7 Smooth 100.0 

  Mushy 60.0 Mushy 33.3 Soft 100.0 

  Segmented 20.0 Pasty 33.3 Watery 100.0 

  Smooth 80.0 Soft 66.7 

    Soft 20.0 

      

G
in

g
er

sn
ap

 

Group 2 (n=3) Group 3 (n=3) Group 1 (n=2) Group 4 (n=1) 

Crunchy 100.0 Clumpy 33.3 Crispy 50.0 Chewy 100.0 

Granular 33.3 Grainy 100.0 Granular 50.0 Crumbly 100.0 

Hard 66.7 Moist 33.3 Smooth 50.0 Grainy 100.0 

Sandy 33.3 Pasty 33.3 Soft 100.0 

          Sticky 100.0     
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Results in Table 5-5 and 5-6 show one main group of individuals with smaller groups for 

each beginning and end of the mastication cycle.  Each sample has different individuals in the 

smaller groups.  For most samples, there is some movement of individuals among groups for 

the beginning to the end of mastication.  For the cheese sample, smaller groups are starting to 

appear at the end of mastication, meaning that individuals are starting to differ in words used 

to describe the texture of the sample.  The words used indicate that the food is starting to 

break down and mix with saliva.  For instance, the end of the mastication cycle for the cheese 

sample includes many words with a wet connotation:  Liquid, smooth, sticky, moist, mushy, 

and gooey. 

Although in this study there are only nine panellists, there are similarities between this work 

and the results obtained from study one.  The Arrowroot cookie is an example; in both studies 

the Arrowroot sample had the most number of texture terms used which may suggest 

panellists do not agree on how to describe this texture.   

When comparing the results of the current study to the TDS results obtained in Chapter 2, 

trends in responses can be observed.  For instance, at the beginning of mastication, the cheese 

sample showed three possible groups, one describing the cheese as predominantly pasty 

(group 3), one as soft/chunky/sticky/creamy (group 2), and a third with a composite of terms.  

The words used by groups 2 and 3 were also used by those in the TDS study (Chapter 2).  

This could be a result of the food matrix, the oil/fat content, or the way the cheese is 

manipulated in the mouth that brings out the difference in the two groups.   

To investigate further, the terms were grouped according to Szczesniak (1962) as seen in 

Figures 5-3 and 5-4.  Results are shown as percent response (the percent of panellists in that 

group who used that term). 
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Figure 5-3:  Groupings of individuals when describing the texture of products at the 

beginning of the mastication cycle.  a) Arrowroot, b) Brownie, c) Cheese, d) Chocolate, 

and e) Gingersnap. 
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Figure 5-4:  Groupings of individuals when describing the texture of products at the end 

of the mastication cycle.  a) Arrowroot, b) Brownie, c) Cheese, d) Chocolate, and e) 

Gingersnap. 

  

0 

20 

40 

60 

80 

100 

Group 1 
(n=5) 

Group 2 
(n=3) 

Group 3 
(n=1) 

%
 R

es
p

o
n

se
s 

a) 

0 

20 

40 

60 

80 

100 

Group 1 (n=7) Group 2 (n=2) 

%
 R

es
p

o
n

se
s 

b) 

0 

20 

40 

60 

80 

100 

Group 1 
(n=6) 

Group 2 
(n=2) 

Group 3 
(n=1) 

%
 R

es
p

o
n

se
s 

c) 

0 

20 

40 

60 

80 

100 

Group 1 
(n=5) 

Group 2 
(n=3) 

Group 3 
(n=1) 

%
 R

es
p

o
n

se
s 

d) 

0 

20 

40 

60 

80 

100 

Group 1 
(n=3) 

Group 2 
(n=3) 

Group 3 
(n=2) 

Group 4 
(n=1) 

%
 R

es
p

o
n

se
s 

e) 



64 
 

After combining the terms, it has become evident that for all samples, mechanical terms are 

used in the beginning of the mastication cycle.  However, there are some groups/samples that 

include “other” terms as well.  As noted earlier, the beginning evaluation was made at 5 

seconds into the mastication cycle; this may not be enough time for other panellists to 

evaluate the sample to such a fine level.  By the end of the chewing sequence (“a few chews 

before you swallow”), for each sample at least one group will use all three class terms to 

describe the texture.  This could indicate that more attention has been given to all aspects of 

the chew by this point.  

5.5. Conclusion 

To conclude, there were two studies done to determine the use of vocabulary for describing 

texture; the first looked at the whole mastication process and the second separated the process 

into beginning and end.  Although the second study had a few number of participants, the 

results followed similar trends to the larger population.  It was found that a simpler product 

(chocolate or cheese) was easier to describe with more agreement among panellists in terms 

used.  All other samples were baked products, which may suggest that the baking process of 

the samples makes for a more complex product.  From the factor analysis completed on the 

first study, it was interesting that the dark chocolate sample had similar results to another 

study showing that panellists can be separated into three groups which may be based on 

movement of the food in the mouth and not the terms used.  It is also shown that panellists 

use such a wide variety of terms to indicate texture perception that they cannot be grouped 

the same way as in the TDS study.  This suggests that vocabulary does not affect the way 

people describe the textures perceived and therefore, perception could be based on oral 

physiological parameters and/or bolus parameters that have not yet been studied.  The cluster 

analysis indicated that mechanical terms are most widely used and that when panellists are 

separated into groups, this separation is based on geometrical or other terms.  Since the 

mechanical terms describe what is going on in the mouth during mastication, this may 

indicate that it is not vocabulary that differs among groups, but rather what is actually 

happening in the mouth.   
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CHAPTER 6: OVERALL DISCUSSION AND CONCLUSION 

The overall aim of this project was to develop a better understanding of factors influential to 

texture perception of solid food products.  This was done using a novel technique to evaluate 

the dynamic process of texture perception (TDS), then by testing oral physiological 

parameters surrounding the individual and their bolus, and lastly evaluating the vocabulary of 

individuals. 

The findings of this study suggest that panellists can be categorized based on their response 

of texture perception during mastication of five solid food samples.  Upon further 

investigation, oral physiological parameters were tested to explain the difference between 

these two groups, and saliva (both amount and composition) may be the underlying cause of 

this difference.  Vocabulary was also examined to support the theory that it is physiological 

parameters that differentiate these groups and not the words use of individuals.  It was found 

that panellists use such a variety of words that groups are not created and therefore more 

work needs to be done to better understand texture perception.   

In addition to oral physiological parameters, there are conclusions to be drawn with regard to 

the food samples.  Firstly, note that the vanilla wine sample from New Zealand, and the 

arrowroot sample from Canada, is comparable in frequency of consumption by consumers, 

texture, appearance, and flavour.  Although these products are not identical, they are both 

baked cookies of low moisture content.   The texture of this type of product is complex in that 

there is very little agreement among panellists with how it is perceived, the words used to 

describe it, and the difference when compared to the other samples presented.  For instance, 

as seen in the TDS study of Chapter 3, panellists did not respond with the same trend for the 

vanilla wine sample as the other samples tested.  In addition, when investigating the vanilla 

wine sample in the oral physiology evaluation of Chapter 4, it was found to have a 

significantly smaller bite size to all other samples.  Lastly, when the arrowroot sample of 

Chapter 5 was evaluated with respect to vocabulary, this sample was described by the most 

number of terms when compared to the other samples, and had the least amount of explain 

variability when panellists’ generated terms were evaluated via cluster analysis. More work 

should be done to better understand what makes this texture be perceived differently from 

different people and different samples.  A possible cause could be the interaction of saliva.  
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The structure matrix of this sample may interact with the amount of saliva in the mouth or the 

composition of saliva, including α-amylase to break down the starch in the product. 

Another reoccurring theme throughout this project is the difference in the results of the baked 

products, when compared to the non-baked samples.  The baked products being the ginger 

kiss, ginger nut, and vanilla wine; while the non-baked products are referring to the dark 

chocolate and cheese samples.  In the TDS study of Chapter 3, the non-baked samples finish 

with texture terms that can be associated with wetness or temperature including melting and 

sticky.  On the other hand, the baked products were described with more dry terms including 

pasty and dry.  This study also showed that the middle stage of the baked products was longer 

when compared to the non-baked products.  Both of these results may be due to the sample 

matrix and how it is broken down during mastication with saliva.  The matrix of the baked 

products would absorb more saliva once in the mouth, creating a more dry sensation.  On the 

other hand, the non-baked products would coat the mouth due to the high fat content, and 

create a feeling of more saliva in the mouth and more noticeably wet.  A final explanation for 

this difference could be the composition of saliva in the mouth during consumption.  The 

individuals in group 2 may have a lower amount of α-amylase in their saliva, creating a need 

for a greater amount of saliva in order to breakdown the starch that is in the baked products.  

The differences between baked and non-baked products continue when reviewing the texture 

profile analysis done in Chapter 4.  It was found that the cheese sample created a more 

cohesive bolus when compared to the baked products.  This may be a result of the breakdown 

of the food matrix during mastication and the addition of saliva into a solid, dense, bolus, 

compared to the baked products which may still have pores contained in its cellular structure.  

In the vocabulary study of Chapter 5, there are again differences between the baked and non-

baked products as has already been mentioned in the discussion of the arrowroot sample at 

the beginning of this chapter.  To reiterate, there were more terms generated by the panellists 

regarding the baked products, and less variability was explained when compared to the non-

baked samples.  This indicates that panellists do not agree on how to describe these baked 

textures.  This, again, may be attributed to the matrix of the sample where the saliva is free to 

move around the mouth when consuming the non-baked products, but when baked products 

are consumed, the saliva is absorbed into the pores of the cell structure.   

When eating a food product, a progression of events is suggested.  Firstly, with a larger bite 

size, come a higher number of chews.  The bite size may be affected by sample hardness and 
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may influence how the jaw moves during mastication.  The number of chews may also be 

influenced by the liking of the product by the consumer. An increased number of chews 

requires more time to swallow the product, giving more time to incorporate saliva into the 

mastication process and therefore changing the bolus according to the TPA results found in 

Chapter 4. 

The aim of this project was to develop an understanding of factors contributing to texture 

perception by grouping panellists based on their texture perceptions.  The first part of this 

objective was completed in Chapter 3, however, in order to understand these groups, more 

work needs to be done.  It is very evident that the cell structure of the product and the saliva 

of the individual play a major role in how a consumer will perceive the texture of a product. 

With more work to create a better understanding of this relationship, the food industry can 

create more acceptable products and will be better suited to target certain individuals. 
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Appendix 1: Attributes, definitions, and reference samples used 

for the training session 
 

Attribute Definition Also includes 
Food 

Reference 
Produced by 

Hard 

Creates resistance back on 

teeth and tongue when 

chewed, difficult to break 

down 

Firm, stiff Hard Candy 
Werther’s 

Original 

 
Technique:  Bite using 

incisors 
   

Soft 
Doesn't create a lot of 

resistance on bite 
Opposite of hard Marshmallow 

Mr. Mallow; 

Soft & 

Delicious 

Mallows 

Brittle 

Has a tendency to snap, 

fracture or shatter with little 

force applied by the tongue 

and teeth 

Sharp Rice Cracker 

Peckish; 

Original 

Flavour 

Crispy/ 

Crunchy 

Makes a crunching or 

crackling sound when chewed 

on 

 Mini Toast 

Dutch Bake 

House 

‘French 

Style’ 

Crumbly 
Breaks down easily into 

small, irregular particles. 
 Shortbread 

Glengary 

Original 

Butter 

Shortbread 

Melting 

Disappears gradually, fades 

away, or disintegrates into 

solution 

Dissolving, 

liquefy 

Milk 

Chocolate 

Cadbury; 

Dairy Milk 

 
Technique:  Just place on 

tongue 
   

Smooth No detectable solid particles.  Pudding 

Pam’s 

chocolate 

treat pudding 

Dry 

Gives the feeling of a 

decrease in saliva in the 

mouth 

 Cookie 

Budget 

Chocolate 

Chip 

Mouth- 

coating 

Giving the impression that it 

has coated the inside of your 

mouth, as with a syrup. 

Creamy 
Condensed 

milk 

Highlander 

(sweetened) 

Pasty 
Forms a paste-like substance 

in your mouth 
 

Arrowroot 

cookie 

Arnott’s 

(Original) 

 
Technique:  Forms paste at 

the end of the chew 
   

Cohesive 
Tends to stick together in a 

dense or thick manner 

Dense, thick, 

holds together 
White bread Sunny Crust 

Sticky 
Adheres to teeth, tongue, and 

mouth 
Adhesive Peanut Butter 

Pam’s 

Smooth 
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Appendix 2: ANOVA table of bite size data 

Tests of Between-Subjects Effects 

Dependent Variable: Bite size 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Intercept Hypothesis 8391.287 1 8391.287 332.031 .000 

Error 1238.448 49.004 25.273
a
   

Sample Hypothesis 819.424 4 204.856 46.672 .000 

Error 860.929 196.142 4.389
b
   

Rep Hypothesis .612 2 .306 .265 .768 

Error 113.660 98.296 1.156
c
   

Judge Hypothesis 1239.326 49 25.292 5.624 .000 

Error 790.348 175.753 4.497
d
   

Sample * Rep Hypothesis 14.536 8 1.817 1.725 .091 

Error 407.767 387 1.054
e
   

Sample * Judge Hypothesis 861.293 196 4.394 4.171 .000 

Error 407.767 387 1.054
e
   

Rep * Judge Hypothesis 113.334 98 1.156 1.098 .268 

Error 407.767 387 1.054
e
   

Sample * Rep * Judge Hypothesis 407.767 387 1.054 . . 

Error .000 0 .
f
   

a. .999 MS(Judge) + 1.50E-005 MS(Sample * Judge) + 3.86E-006 MS(Rep * Judge) + .001 MS(Sample * Rep * 

Judge) 

b. .998 MS(Sample * Judge) + .002 MS(Sample * Rep * Judge) 

c. .998 MS(Rep * Judge) + .002 MS(Sample * Rep * Judge) 

d. 1.000 MS(Sample * Judge) + 1.001 MS(Rep * Judge) - 1.001 MS(Sample * Rep * Judge) 

e.  MS(Sample * Rep * Judge) 

f.  MS(Error) 
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Appendix 3:  Sample Nutrient Information and Ingredient List 

Sample (per 100 g) 

 

Mainland 

Edam 

Cheese 

Whittaker's 

Dark 

Chocolate 

Griffin's 

Gingernut 

Griffin's 

Vanilla 

Wine 

Rosedale 

Gingerkisses 

(Drained 

Weight) 

Energy 1460 kJ 2320 kJ 1780kJ 2000kJ 1710 kJ 

Protein 26.8 g 10.7 g 4.9g 6.5g 4.1g 

Fat, Total 26.5 g 34.3g 9.1g 16.8g 20.3g 

- Saturated 15.9 g 21.7g 5.2g 8.9g 11.2g 

Carbohydrate <1 g 51.0g 80.3g 74.5g 51.5g 

- Sugars <1 g 33.3g 44.6g 19.7g 32.7g 

Sodium 708 mg 28mg 200mg 370mg 604 mg 

Calcium 770 mg 
    

Dietary Fibre, Total 
   

2.4g 
 

Ingredients: Milk, salt, 

cultures, 

enzyme 

(non-

animal 

rennet). 

Dark 

Chocolate 

[Fairtrade 

cocoa solids* 

(Cocoa mass & 

Cocoa butter); 

Fair Trade 

Sugar*, 

Emulsifier 

(Soya 

Lecithin); 

Vanilla 

flavour].  May 

contain traces 

of milk 

chocolate, 

peanuts, and 

tree nuts. 

Wheat 

Flour, 

Sugar, 

Vegetable 

Fat 

[Antioxidant 

(306)], 

Brown 

Sugar, 

Ginger 

(1%), Salt, 

Flavour, 

Raising 

Agent 

(Baking 

Soda), Milk 

Solids. 

Wheat 

Flour, 

Sugar, 

Vegetable 

Fat 

[Antioxidant 

(306)], 

Cornflour, 

Invert 

Syrup, 

Whey 

Powder, 

Salt, Raising 

Agents 

(500, 450), 

Flavours. 

Flour, Sugar 

Syrup, Sugar, 

Margarine 

(Animal Fat, 

Vegetable Fat, 

Water, Salt, 

emulsifier (471, 

322), Acidity 

regulator (500, 

330), Colour 

(160a), 

Antioxidant 

(320)), Butter, 

egg, Golden 

Syrup, raising 

Agents (500, 

450), Salt, 

Spices, 

preservative 

(202), Flavour, 

Food Acid 

(330). 
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Appendix 4:  Texture terms generated by panellists 

 

Dark 

Chocolate 

Cheddar 

Cheese Brownie Gingersnap Arrowroot Frequency 

Total 157 151 165 172 168 

 Absorbent 

    

1 1 

Aggregated 1 

    

1 

Airy 

   

2 

 

2 

Breakable 1 

  

1 

 

2 

Brisk 1 

    

1 

Brittle 4 

 

1 10 5 20 

Bumpy 

   

1 1 2 

Buttery 1 

    

1 

Cakey 

  

1 

  

1 

Chalky 2 

   

2 4 

Chewy 4 6 16 2 2 30 

Chunky 

  

1 

  

1 

Clay 1 

    

1 

Clumpy 

    

1 1 

Clumpy 1 1 

   

2 

Coarse 

   

2 

 

2 

Conglomerate 

   

1 1 2 

Creamy 7 10 5 

 

1 23 

Crispy 2 

  

4 6 12 

Crumbly 

 

1 5 12 5 23 

Crunchy 1 

  

32 22 55 

Crusty 

  

1 

  

1 

Crystallized 

   

1 

 

1 

Deformable 

 

1 

   

1 

Dense 4 2 4 1 1 12 

Diffuse 1 

    

1 

Dissolving 

 

1 

 

1 1 3 

Doughy 

    

1 1 

Dry 2 

 

2 11 18 33 

Dusty 

    

2 2 

Firm 7 6 3 3 5 24 

Flaky 

  

1 1 5 7 

Fluffy 

  

1 

  

1 

Fragmented 1 

    

1 

Gelatinous 

 

1 

   

1 

Globular 

    

1 1 

Gooey 

  

6 

 

2 8 

Grainy 

  

4 10 3 17 

Granular 

  

4 7 

 

11 
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Greasy 

 

1 

   

1 

Gritty 1 

 

2 4 

 

7 

Gummy 

 

3 

   

3 

Hard 27 

 

4 26 20 77 

Heavy 

  

1 

  

1 

Homogeneous 1 

 

1 

  

2 

Jagged 1 

  

1 

 

2 

Light 

 

2 1 

 

3 6 

Liquid 3 1 2 

  

6 

Malleable 

 

3 2 

  

5 

Mealy 

 

1 

   

1 

Melty 14 3 2 1 2 22 

Moist 3 8 17 2 

 

30 

Mushy 1 5 8 1 11 26 

Pasty 

 

3 1 1 4 9 

Pliable 

 

1 1 

  

2 

Pointy 

   

1 

 

1 

Powdery 

  

2 1 3 6 

Rough 

  

1 9 

 

10 

Rubbery 

 

10 

   

10 

Sandy 

  

1 1 1 3 

Scratchy 

   

1 

 

1 

Sharp 

  

1 6 

 

7 

Short 

    

1 1 

Silky 5 1 

   

6 

Silty 

  

1 

  

1 

Slimy 2 2 

 

1 

 

5 

Slippery 4 

    

4 

Sludgy 

 

1 

   

1 

Smooth 27 22 9 3 10 71 

Soft 14 38 32 5 9 98 

Soggy 

    

1 1 

Solid 2 1 

  

1 4 

Spongy 

 

4 3 

 

2 9 

Squishy 

 

4 2 

  

6 

Stale 

    

1 1 

Sticky 3 3 6 1 4 17 

Stiff 3 

 

1 2 4 10 

Tacky 

    

1 1 

Tender 

 

1 

   

1 

Thick 2 2 5 

 

2 11 

Thin 

 

1 

 

1 1 3 

Tough 2 

 

1 

  

3 

Uneven 

   

1 

 

1 
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Velvety 1 

    

1 

Viscous 

  

2 

  

2 

Warmth 

   

1 

 

1 

Wet 

  

1 

 

1 2 

Yielding 

 

1 

   

1 

 

 


