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Texture consists of a complex set of sensory attributes that are important to food liking and 

choice.  But whose ideal is considered when it comes to texture?  From a product development 

perspective, translating texture descriptors into predicable drivers of liking in a food product is 

important.  Oral processing research has identified segments of consumers distinct in their oral 

breakdown of food.  Understanding these segments, or mouth behavior groups, would allow for 

better targeting in product development and optimization.  We provide evidence, through survey 

data of 6120 panelists, that the distribution of these mouth behavior groups differs by country.  In 

addition, in a set of sensory studies we examined the perception of various texture attributes, at a 

point in time and also over the eating experience, as well as texture preferences, and expectations 

for texture by mouth behavior group.  In the first experiment, 119 panelists used the classical 

solid oral texture attribute scales for previously defined reference samples comparing both 

perceived texture and their ideal texture levels across mouth behavior groups.  We demonstrated 

that for hardness and crispness, and to a much lesser extent tooth packing, that there were 

differences in both perceived texture, and ideal texture for the same food between mouth 

behavior groups, with groups defined as liking foods that could be consumed by squashing rather 

than chewing finding samples harder and more crisp.  In the second experiment, 116 panelists 

investigated the perception of texture across the eating experience between varying mouth 

behavior groups using several differently textured samples of a common food product, salted 
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potato chips.  Mouth behavior groups chewed for varying amounts of time (with those identified 

as ñchewersò taking the longest), rated hardness of the samples differently by group in time 

intensity tasks, and experienced varying attributes in temporal check all that apply tasks.  Lastly, 

a study of 102 panelists evaluated texture descriptor information, and how a set of snack bars 

met expectations for texture in informed and uninformed conditions.  Analysis revealed that 

information given on product texture influenced whether a sample was deemed worth buying 

dependent on mouth behavior group.  Under uninformed condition, all mouth behavior groups 

equally would buy the products, whereas under informed condition, those defined as ñcrunchersò 

were significantly less interested in the softer bars.  Taken together, our results suggest that 

consumers do not experience texture in an identical manner, which could potentially impact 

product optimization.  With this, we argue that consumers style of oral processing should be 

considered in the evaluation of attributes, when developing a food product.                             
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INTRODUCTION 

Texture is a critical sensory attribute in determining product liking.  Even though texture is 

complex there is general agreement as to the definition of texture in the sensory world; that it is 

the sensory and functional manifestation of the structural, mechanical, and surface properties of 

foods detected through the senses of vison, hearing, touch, and kinesthetic input (Szczesniak, 

1963, 2002).  Texture is a multi-parameter attribute with many characteristics that cannot be 

reduced to simpler terms such as chewiness or tenderness.  Texture derives from structure of the 

food (molecular, microscopic, or macroscopic).  Foundational research on texture centered on 

describing and measuring attributes to then develop a texture lexicon resulting in the type of 

modern sensory profiling still used today (Muñoz, 1986; Szczesniak, 1963, 2002; Szczesniak, 

Brandt, & Friedman, 1963).  This is ideal for descriptive panelist where training on texture 

attributes and lexicons are extensive but not necessaril y for understanding consumer liking in 

product development and optimization.  Attitudes about texture are foundational to researchers 

developing general principles to understand consumer liking and how this could guide product 

optimization (Szczesniak, 1971, 1972; Szczesniak & Kahn, 1971; Szczesniak & Kleyn, 1963).  

There has been a significant amount of research on measuring texture and which texture 

attributes drive liking but there is less research on what drives differences in texture rejection or 

preference.  Some newer techniques such as time intensity, temporal dominance of sensation and 

TCATA have been applied to understand change in texture over time (Cheong et al., 2014; 

Foster et al., 2011; Hutchings, Foster, Grigor, Bronlund, & Morgenstern, 2014).   

Oral processing research has identified groups of people based on their breakdown of food 

(Brown & Braxton, 2000).  Findings indicated that individual differences in the ability to 

manipulate and manage a product in the mouth may be a driver of liking and preference (Brown 
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& Braxton, 2000).  Research on semi-solid foods identified four styles of oral behaviors based on 

how the individuals used their tongue, palate, and teeth (Chen & Engelen, 2012).  Research 

suggests that even though there are a range of oral processing behaviors, consumers can be 

grouped into broad categories which can be used to better focus product development.  These 

broad categories fall into four mouth behavior groups which the authors have named: 1) Suckers, 

2) Crunchers, 3) Smooshers and 4) Chewers (Jeltema, Beckley, & Vahalik, 2014).  Mouth 

behavior refers to the way individuals manipulate food in their mouths as they eat (Jeltema et al., 

2014; Jeltema, Beckley, & Vahalik, 2015, 2016).  Mouth behavior research came from 

observations back in the 1980s where research participants prepared their cereal in vastly 

different ways (Jeltema et al., 2015).  Some participants allowed their cereal to sit in a lot of milk 

to get soggy while others used a very small amount of milk to prevent soggy cereal.  This led to 

óbowl life testingô which was observational and over-time evaluation of texture and flavor 

properties of the cereal.  This early work was an attempt to understand why specific cereal might 

be rejected or not by an individual based on a texture preference as well as how they manipulated 

the eating experience to achieve the desired texture (crunchy, crispy, or soggy).  Mouth behavior 

research, over time, used qualitative observation and interviews, clarified different oral 

behaviors, used quantitative survey tools to verify qualitative research to then develop the 

JBMBÊ tool which is a visual algorithm used to type individuals mouth behavior (Jeltema et al., 

2014, 2015, 2016).  The tool was to reproduce the assessments made during in-depth qualitative 

studies.  The person selects a picture that is ñmost like themò.  The description within each 

picture describes an eating style for example ñI like foods that I can smoosh.  I even smoosh 

foods that I could chewò.  Additional questions asked after the initial pictorial determination 

were reminiscent of the qualitative interviews to clarify mouth behavior such as ñwhich story is 
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most like youé the food is either chewy from the start or becomes chewy as I eat it ï it forms a 

mass that I can spend some time chewing before I swallow.  The food should fight back a little as 

I eat it.ò   

Mouth behavior has yet to be applied to sensory testing of the consumption of foods.  The work 

highlighted in this dissertation looks at the perception of texture in common foods, in panelists of 

varying mouth behaviors.  Typically researchers segment consumers by gender, age, or similar 

patterns of liking (Lawless & Heymann, 2010; Moskowitz, Jacobs, & Lazar, 1985; Pangborn, 

1970), but another way to segment, or understand differences in texture liking, is with a 

panelistôs mouth behavior.  Chapter 1 details a study of mouth behavior and rejected mouth 

behavior data collected globally.  This data was collected over seven countries with the same 

recruiting methodology using the JBMBÊ visual algorithm tool link.  Our analysis of this data 

was the first of its kind to report the global distribution of mouth behavior and rejected mouth 

behavior.  We found that there are differences in distribution of mouth behavior and rejected 

mouth behavior across countries, gender and ages.     

Chapter 2 details a study to understand texture perception at a point in time with common food 

products with known texture anchors.  We used the classic oral texture attribute scales for 

products anchored on the texture scale to understand texture perception and preference and how 

this differs between mouth behavior and rejected mouth behavior groups.  Our study was the first 

of its kind to demonstrate differences quantitatively among the mouth behavior groups and 

rejected mouth behavior groups with ratings from actual food products.  We found evidence of 

texture and ideal texture differences for both mouth behavior and rejected mouth behavior 

groups.   
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Chapter 3 details a study to understand the differences in perceived texture of foods over time in 

individuals of differing mouth behavior.  Variables tested include length of eating time (chew 

time), perception of hardness intensity over time, texture attributes perceived over the eating 

experience (TCATA) and preferences including penalty analysis based on liking of texture.  We 

used a model food system of plain potato chips with a range of textures.  We found evidence that 

chewing time and texture perception and preference differed for the different mouth behavior 

and rejected mouth behavior groups.    

Chapter 4 details a study to understand the influence of texture information on packaging for a 

product and the consumerôs willingness to buy based on their mouth behavior and expectations 

for texture.  We sought to understand if different mouth behavior groups bring different 

expectations to their understanding of texture descriptors, and if this would influence purchase 

intent.  We used an uninformed condition, no information on texture attributes, and an informed 

condition for the study.  Purchase intent and reaction to texture attribute were elicited.  This was 

followed by a series of question on meeting expectations for texture and ideal texture.  We found 

evidence of differences in purchase intent with texture information, and texture expectations 

among mouth behavior groups.   

Finally, with our Concluding Remarks, we speculate on the contribution of these studies to the 

field of sensory analysis and the implications for product development in food companies, as 

well as providing recommendations for future research in this area.           
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CHAPTER 1  

MOUTH BEHAVIOR AND GLOBAL CHARACTERIZATION 

Introduction  

Globalization has made the world of food, tastes, and experiences more accessible.  With this, it 

is important to understand nuances of language and expression used to describe foods we eat.  

Texture is one of the main driving forces of food aversion (Scott & Downey, 2007) and is also a 

critical determinant of food liking and preference (Moskowitz, 1982; Szczesniak, 2002).  We 

have expectations around food texture, and when they are met we concentrate more on flavor and 

taste (Szczesniak & Kahn, 1971). Textures that are liked or disliked depends on the food type, 

but in general there are some textures that are broadly preferred to others (Szczesniak, 2002).   

The belief of what defines an attractive texture can also vary between cultures.  One culture may 

appreciate sticky or slimy foods, where others may find these textures unacceptable.  Some 

cultures, simply have a lot more words for food texture, or are more aware of the textures of the 

foods they eat.  In one report, Japanese students had a richer vocabulary for texture than 

American students (Yoshikawa, 1970).  Some cultures share a commonality of texture terms.  

Texture terms such as ñcrispò, ñcrunchyò, ñjuicyò, ñsoftò, and ñcreamyò are all used by 

consumers in German (Rohm, 1990), English (Szczesniak, 1971; Szczesniak & Kleyn, 1963), 

and Japanese (Yoshikawa, 1970).  A study by Nishinari et al (2008) reported that not only are 

there varying words to describe a texture by culture but also in the origin of the word - 

Onomatopoeias (word that phonetically imitates, resembles, or suggests the sound that it 

describes) vary greatly.  There are many more onomatopoeic texture examples in Japanese than 

in Chinese language, such as tsurutsuru (smooth and slippery) and paripari (crispy) (Nishinari et 
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al., 2008) whereas Chinese language uses more ideograms (graphic symbol that represents an 

idea or concept, independent of any particular language, and specific words or phrases).  In a 

study comparing texture terms between English and Finnish languages the authors found in some 

cases the English word, such as ñthickò, derived its meaning to the consumer in the context of a 

sentence such as for a sauce or potato chips.  Conversely in the Finish language there are specific 

words to describe ñthickò such as ñpaksuò for dimensional thickness, ñjªhmeªò for resistance to 

flow and ñsakeaò for thick like a sauce or puree (Lawless, Vanne, & Tuorila, 1997).   

For global multinational food companies where there is a need to translate product descriptions 

or new concepts into local languages,  it is important to understand the subtleties of texture 

terminology across cultures.  The product development process requires development of a 

product and package against a concept which conveys the message and attributes important to 

the product and package design.  Often the concept contains language that describes the 

experience such as óthick, heartyô soup or ócrispy light and airyô chips.  The product developer 

must translate these words into product attributes that a consumer (i) understands and (ii) finds 

acceptable.  Also the product may convey an accompanying óimageô, such as a snack to be 

consumed in situations of activity or energy should be firm, crisp or chewy whereas a product 

positioned to be soothing and relaxing should be soft and creamy (Szczesniak, 2002).  Globally, 

texture is important to food products and the innovation process for food companies.  There has 

been a 42% increase in new products with a texture claim across Europe, Middle East and Africa 

(2011 ï 2016) (Bensa, 2017).  The top five texture claims for new product launches globally 

were crunchy (33%), smooth (20%), soft (11%), carbonated (8%) and chewy (6%) (12 month 

period of May 2017 ï April 2018)  (Dornbaser, 2018). 
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Typical approaches to consumer segmentation use gender, age, demographic or lifestyle 

characteristics, or individuals showing similar product response patterns (clustering) to look for 

groupings of consumers (Lawless & Heymann, 2010; Moskowitz, Jacobs, & Lazar, 1985; 

Pangborn, 1970).  Some work also exists on measuring and grouping consumers based on oral 

processing behaviors to understand differences in eating style or oral manipulation of food, 

however less attention has been paid to consumers grouped based on their texture preferences 

and understanding how this relates to product liking (Brown & Braxton, 2000; de Wijk, Engelen, 

& Prinz, 2003; Engelen & de Wijk, 2012; Po et al., 2011; Wilson et al., 2018).  Segmenting 

consumers by oral processing, which can be cumbersome given techniques described in many 

papers, or segmenting by their affiliation toward four broad food eating styles as described by 

mouth behavior classification (Jeltema, Beckley, & Vahalik, 2014, 2015, 2016) could allow 

developers to better target product development and optimization.  These broad categories fall 

into four groups the original authors named: 1) Suckers, 2) Crunchers, 3) Smooshers and 4) 

Chewers.  Mouth behavior refers to the way individuals manipulate food in their mouths as they 

eat (Jeltema et al., 2014, 2015, 2016).  These groups fall into two major modes of mouth actions 

where Crunchers and Chewers use their teeth to break down food and Suckers and Smooshers 

prefer to manipulate food between the tongue and roof of the mouth. Suckers enjoy harder foods 

that can be sucked on for a longer time, where Smooshers prefer softer foods that do not require 

as much mouth activity but can be spread inside the mouth.  Crunchers are more forceful in their 

bite whereas Chewers like foods that can be chewed for long periods (Jeltema et al., 2014, 2015).  

Mouth behavior research, has employed qualitative observation and interviews to clarify these 

different oral processing behaviors, and used survey tools to verify qualitative research to 

develop a typing tool based on a visual algorithm used to type individualsô mouth behavior by 
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self-report (Jeltema et al., 2014, 2015, 2016).  The prevalence of the mouth behavior groups in 

the U.S is reported in Table 1.1 (Jeltema et al., 2014), from a survey conducted among a 

demographically accurate distribution of 500 individuals in the U.S.   

 

Table 1.1 

Mouth behavior distribution for US population determined through a survey conducted among a 

demographically accurate distribution of 500 individuals in the U.S. (Jeltema et al., 2014).   

 

U.S. population mouth behavior categorization based on a survey (N=500) 

Mouth Behavior Chewer Cruncher Sucker Smoosher 

Percent (%) 43 33 8 16 

 

 

 

Multinational companies develop products that they desire to launch and support in multiple 

countries.  Therefore, it is important to understand the populations across the globe, their 

preferences, not just the local marketplace.  This report presents survey data, from industry 

sources, tested in over 6000 panelists, from 7 countries (sample set ranges from countries 

ranging from 494 to 1224), focused on understanding the global distribution of mouth behavior 

as compared to that reported in the US.  Thus, we hope the results presented will help to 

understand mouth behavior distribution so that product developers may guide their research 

globally.  Our hypothesis was that the distribution of mouth behavior groups across countries 

would be different, in line with differing styles of food being consumed across the globe.  

Secondarily, we propose that mouth behavior also would vary with gender and age.   
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Methods 

All procedures were approved by the Cornell Institutional Review Board for Human Subjects 

research.  This study was a survey of mouth behavior data collected as part of  an industry 

(PepsiCo) snacks sensory test executed globally.  This data was collected over multiple countries 

with the same recruiting methodology.  The JBMBÊ visual algorithm tool link (Jeltema et al., 

2016) was added to the end of the sensory test as seen in Figure 1.1.  The inclusion criteria were 

that panelists were snacks category users (once per month or more), balanced for male and 

female, spread for age (country dependent) and income (country dependent).  The countries 

tested were Brazil (n=1136), China (n=1224), India (n=698), Mexico (n=824), Spain (n=715), 

the UK (n= 494) and the USA (1029).  The study was carried out through local agencies at a 

central location, with the typing tool translated into local languages.  The survey asks the 

panelists to select a picture that is like their eating style.  Secondary questions are used to further 

clarify by asking ñwhich story is most like youéò.  Lastly the survey asks if there are any mouth 

behaviors the panelists rejects, or is not like them.    

 

 

Figure 1.1  

JBMBÊ visual algorithm tool (Jeltema et al., 2016).  
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Data analysis 

All panelist (N=6120) data was used in the analysis for distribution of mouth behavior and 

rejected mouth behavior.  Differences in distribution of mouth behavior groups or rejected mouth 

behavior groups across countries were analyzed using Chi Square test.  This analysis was also 

used for analyzing distribution differences of mouth behavior or rejected mouth behavior and 

gender and age range within a country.  Mouth behavior proportion by pair of countries were 

analyzed by Fisherôs exact test 2-tail on proportions.  These analyses were conducted using JMP 

version 14 (SAS Institute Inc., Cary, NC).  The threshold for statistical significance across all 

countries was set to p<0.05.  Significance across all pairwise country comparisons set at p<0.05.  

Bonferroni correction was used to set the significance level at p= 0.05/21 = 0.0024 for each 

individual pair.  For the mouth behavior proportions Bonferroni correction was used to set the 

significance p value at p= 0.05/84 = 0.0006 for individual pair.      

Results and Discussion 

Global mouth behavior distribution  

Results supported that there were differences in distribution of mouth behavior groups across 

countries, gender, and age based on our sample.  Figure 1.2A shows a global snapshot of the 

distribution of mouth behavior groups across the globe.  As consumers are recruited for sensory 

tests to provide direction to product developers, it is clearly important to fully understand the 

population and their perspective.  There was a significant difference (p<0.0001) in distribution of 

mouth behavior by country as seen in Figure 1.2B.  Brazil has 52% Chewers where India has 

28%.  India had 26% Smooshers while the UK and Mexico had 15%.  China, the UK and India 

had greater than 10% Suckers while Brazil and Mexico had less than 6%.  For the US, our data 
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mirrored what has been reported for the US mouth behavior distribution for Suckers and 

Smoosher, however our data had higher proportions of Crunchers than Chewers.  It is also 

possible that this could be explained by the inclusion criteria in a population recruited for salty 

snacks.  Typically, salty snacks are predominantly not chewy, therefore this group may have 

been artificially underrepresented.  For rejected mouth behavior, there was also a significant 

difference (p<0.0001) in distribution across the countries (Figure 1.3).  Mexico and India each 

had greater than 40% who rejected No mouth behavior.  The UK was the only country with more 

than 20% who rejected Smoosher mouth behavior.   
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Figure 1.2A 

Global snapshot of mouth behavior distribution by country based on survey data.  Data is not from a 

demographically accurate distribution of individuals in each country.  

 
Figure 1.2B 

Global mouth behavior distribution by country based on survey data.  Data is not from a demographically 

accurate distribution of individuals in each country.  Bars represent the proportion (x-axis) of that mouth 

behavior (based on JBMB typing tool) count for country based on total count from each country.  Chi 

square analysis on counts p<.0001.  N=1136 (Brazil), N=1224 (China), N=698 (India), N=824 (Mexico), 

N=715 (Spain), N=494 (UK), N=1029 (USA).    
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Figure 1.3 

Global snapshot of rejected mouth behavior distribution by country based on survey data.  Data is not 

from a demographically accurate distribution of individuals in each country.  Bars represent the 

proportion (x-axis) of that rejected mouth behavior (based on JBMB typing tool) count for country based 

on total count from each country.  Significance set at p=.05.  Chi square analysis on counts p<.0001.  

N=1136 (Brazil), N=1224 (China), N=698 (India), N=824 (Mexico), N=715 (Spain), N=494 (UK), 

N=1029 (USA).    

 

Pairwise comparisons showed patterns of mouth behavior differed significantly between 

countries (Figure 1.4).  Brazil was different from China (p<0.0001), India (p<0.0001), Mexico 

(p<0.0001), Spain (p<0.0001), the UK (p<0.0001), and the USA (p<0.0001).  China was 

different than Mexico (p<0.0001) or Spain (p<0.0001).  Indiaôs mouth behavior distribution was 

different than Mexico (p<0.0001), Spain (p<0.0001), the UK (p<0.0001), and the USA 

(p<0.0001).  In comparison between the USA and Mexico and the UK proportions were more 

similar, with less obvious distribution differences.   
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Figure 1.4 

Pairwise comparison of mouth behavior proportions for all country pairs.  Bars represent the proportion 

(x-axis) of that mouth behavior (based on JBMB typing tool) count for country based on total count from 

each country.  Significance across all pairwise country comparisons set at p=.05. Bonferroni correction 

was used to set the significance p value at p= .05/21 =.0024 for individual pair.  Chi square analysis on 

counts p<.0001 [N=1136 (Brazil), N=1224 (China)]; p<.0001 [N=1136 (Brazil), N=698 (India)]; p<.0001 

[N=1136 (Brazil), N=824 (Mexico)]; p<.0001 [N=1136 (Brazil), N=715 (Spain)]; p<.0001 [N=1136 
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(Brazil), N=494 (UK)]; p<.0001 [N=1136 (Brazil), N=1029 (USA)]; p<.0001 [N=1224 (China), N=824 

(Mexico)]; p<.0001 [N=1224 (China), N=715 (Spain)]; p<.0001 [N=698 (India), N=824 (Mexico)]; 

p<.0001 [N=698 (India), N=715 (Spain)]; p<.0001 [N=698 (India), N=494 (UK)]; p=.0003 [N=698 

(India), N=1029 (USA)]; p=.0020 [N=1029 (USA), N=824 (Mexico)]; p.0017 [N=1029 (USA), N=494 

(UK)]; p<.0001 [N=824 (Mexico), N=494 (UK)]; p=.0014 [N=715 (Spain), N=494 (UK)].   

 

Mouth behavior proportions analyzed by paired countries were significantly different (Figure 

1.5).  Across all countries Brazil had significantly higher proportion of Chewers and Crunchers 

than the other countries (p<0.0001 across India, Mexico, Spain, the UK and the USA).  Brazil 

also had higher proportions of Suckers than China (p<0.0001), India (p<0.0001), and the UK 

(<0.0001) and Smooshers for India (p=0.0003).  India had significantly more Smooshers than 

Mexico (p<0.0001), Spain (p<0.0001) and the UK (p<0.0001).  China had 14% Suckers and 

Mexico had 6% (p<0.0001) and Spain 8% (p=0.0003).  The only difference between the UK and 

the USA was for Sucker mouth behavior (p=0.0005).  For many multinational companies, key 

markets to produce and sell global branded products are in countries such as the USA, the UK, 

Mexico and China.  Our data suggests that it could be important to test and understand if 

different product designs or modifications to product design for texture between countries is 

needed.       
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Figure 1.5 

Mouth behavior proportion by pair of countries.  Bars represent the proportion (x-axis) of that mouth 

behavior (based on JBMB typing tool) count for country based on total count from each country.  

Significance across all country pairs for each mouth behavior set at p=.05. Bonferroni correction was used 

to set the significance p value at p= .05/84 =.0006 for individual pair.  Significance is shown with those 

mouth behaviors shown in color (versus grey and white) and a * next to the count.  Fisherôs exact test 2-

tail on proportions p<.0001 [N=5% (Brazil Sucker), N=13% (China Sucker)]; p<.0001 [N=24% (Brazil 

Cruncher), N=37% (China Cruncher)];p<.0001 [N=52% (Brazil Chewer), N=30% (China Chewer)]; 

p<.0001 [N=5% (Brazil Sucker), N=12% (India Sucker)]; p<.0001 [N=24% (Brazil Cruncher), N=34% 

(India Cruncher)]; p=.0003 [N=18% (Brazil Smoosher), N=26% (India Smoosher)]; p<.0001 [N=52% 

(Brazil Chewer), N=28% (India Chewer)]; p<.0001 [N=24% (Brazil Cruncher), N=44% (Mexico 
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Cruncher)]; p<.0001 [N=52% (Brazil Chewer), N=35% (Mexico Chewer)]; p<.0001 [N=24% (Brazil 

Cruncher), N=39% (Spain Cruncher)]; p<.0001 [N=52% (Brazil Chewer), N=37% (Spain Chewer)]; 

p<.0001 [N=5% (Brazil Sucker), N=15% (UK Sucker)]; p<.0001 [N=24% (Brazil Cruncher), N=35% 

(UK Cruncher)]; p<.0001 [N=52% (Brazil Chewer), N=35% (UK Chewer)]; p<.0001 [N=24% (Brazil 

Cruncher), N=37% (USA Cruncher)]; p<.0001 [N=52% (Brazil Chewer), N=34% (USA Chewer)]; 

p<.0001 [N=13% (China Sucker), N=6% (Mexico Sucker)]; p=.0003 [N=13% (China Sucker), N=8% 

(Spain Sucker)]; p<.0001 [N=12% (India Sucker), N=6% (Mexico Sucker)]; p<.0001 [N=34% (India 

Cruncher), N=44% (Mexico Cruncher)]; p<.0001 [N=26% (India Smoosher), N=15% (Mexico 

Smoosher)]; p<.0001 [N=26% (India Smoosher), N=16% (Spain Smoosher)]; p=.0003 [N=28% (India 

Chewer), N=37% (Spain Chewer)]; p<.0001 [N=26% (India Smoosher), N=15% (UK Smoosher)]; 

p<.0001 [N=6% (Mexico Sucker), N=15% (UK Sucker)]; p<.0001 [N=8% (Spain Sucker), N=15% (UK 

Sucker)]; p=.0005 [N=15% (UK Sucker), N=9% (USA Sucker)].   

 

We saw limited differences in distribution attributed to gender.  This was only significant for 

Spain (Figure 1.6) (p=0.0227).  The split of male and female for this data set were 50/50, but we 

saw higher proportion of Smooshers for males and higher proportion of Chewers for females.  It 

has been reported that gender can affect sample preferences (Kälviäinen, Schlich, & Tuorila, 

2000; Michon, OôSullivan, Delahunty, & Kerry, 2009).  Kälviäinen et al found the texture 

preferred by middle-aged females was short and fracturing, while harder more adhesive candy 

textures were preferred by middle-aged males.  Our results suggest that segmenting by gender 

may be less important than segmenting by mouth behavior to drive product textural optimization.     
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Figure 1.6 

Comparison of male versus female mouth behavior counts for Spain.  Bars represent the proportion (x-

axis) of that mouth behavior (based on JBMB typing tool) count for male or female based on total count 

from Spain.  Comparison significance set at p=.05.  Chi square analysis on counts p=.0227.  N=715 

(Spain), N=357 (Male), N=358 (Female).    

 

We saw differences for mouth behavior distribution by age for both Mexico (p=0.0135) and for 

Spain (p=0.0086) (Figures 1.7 and 1.8).  For both countries it is notable that as the population 

aged the proportion of Chewers declined.  For Spain both Suckers and Smooshers proportions 

increased with age.  For Mexico, Crunchers and Suckers increased.  It has been reported that 

chewing efficiency was higher for the young (18-25 yrs) than for the elderly (61-86 yrs) as well 

as rating of creaminess (Kremer, Bult, Mojet, & Kroeze, 2007).  It has been reported in World 

Health Organization literature that in many countries the loss of teeth is seen as a natural process 

with aging (Petersen, 2003).  A global study of seven countries found that with age, the 

prevalence of edentulism (tooth loss) increased: 5% prevalence (50 ï 59 years old), 11% (60 ï 

69), 24% (70 ï 79) and 37% (80 and over) (Peltzer et al., 2014).  Possibly this is the reason that 

there is a decline in Chewers and increase of Smoosher with age as we found in Mexico and 

Spain.  A study of edentulism across Mexico found that for 35 ï 44 age, 2% reported tooth loss 
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while 25% did so in the 65 ï 74 age group (Medina-Solís et al., 2008) while another reported for 

Spain 2.8% prevalence for those under 50 and 12.1% for those over 50 (Tyrovolas et al., 2016).  

Many products are targeted to younger and older populations, which our data would indicate 

may need to be different texture product designs.  Segmenting by mouth behavior could help 

with the product optimization.     

 

 
Figure 1.7 

Comparison of ages ranges mouth behavior counts for Mexico.  Bars represent the proportion (x-axis) of 

that mouth behavior (based on JBMB typing tool) count for the four age ranges based on total count from 

Mexico.  Comparison significance set at p=.05.  Chi square analysis on counts p=.0135.  N=824 

(Mexico), N=331 (16 to 24 years old), N=179 (25 to 35 years old), N=172 (36 to 44 years old), N=142 

(45 to 64 years old).  Age ranges were specifically set in demographic collection in original survey.    
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Figure 1.8 

Comparison of ages ranges mouth behavior counts for Spain.  Bars represent the proportion (x-axis) of 

that mouth behavior (based on JBMB typing tool) count for the four age ranges based on total count from 

Spain.  Comparison significance set at p=.05.  Chi square analysis on counts p=.0086.  N=715 (Spain), 

N=78 (18 to 24 years old), N=177 (25 to 34 years old), N=182 (35 to 44 years old), N=172 (45 to 54 

years old), N=106 (55 to 64 years old).  Age ranges were specifically set in demographic collection in 

original survey.    

 

Conclusion 

The global marketplace is getting smaller with globalization where consumers have access to 

more goods and services than what was available locally.  With this food companies continue to 

look for ways to gain advantages, and understand how to develop both products for local regions 

as well as extend the reach of global brands to compete locally.  This requires an understanding 

of local competitors, tastes and consumers.  Traditional segmentation may not suffice to 

understand all of the subtleties of product liking, while also developing for local tastes.  Adding 

segmentation by mouth behavior can provide an additional dimension for product optimization.  

Our data suggest that there are differences in distribution of mouth behavior groups across 
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regions.  We also demonstrated that there are specific mouth behavior proportion differences 

between countries.  The distribution and proportion of a mouth behavior in the US is not the 

same as for China, India or Brazil for instance.  Often a multinational food company will develop 

and optimize within one market before exporting this same product to other regions.  Our data 

suggest that understanding texture as it relates to mouth behavior may be region specific, but can 

ultimately aid in product design.      
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CHAPTER 2 

THE PERCEPTION OF TEXTURE FROM COMMON FOODS IN PANELISTS OF 

VARYING MOUTH BEHAVIOR 

Introduction  

Texture has been described as crucial criterion for sensory acceptance and rejection and a strong 

driving force in food aversion (Scott & Downey, 2007).  Texture from foods is perceived as a 

complex group of sensory attributes, and is important in guiding product liking and choice 

(Szczesniak, 2002).  Texture is a complex multi-parameter attribute with many characteristics 

and cannot be reduced to a singular parameter such as chewiness or crunchiness.  While texture 

remains complex, a common definition of texture is the sensory and functional manifestation of 

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

hearing, touch, and kinesthetics (Szczesniak, 1963, 2002).  Certain instrumental methods have 

been developed to detect and quantify physical parameters of foods that in turn be interpreted in 

terms of texture, however texture requires an observer to perceive it.  Research has provided 

strict guidelines for sample preparation for texture instrumental methods such as texture profile 

analysis (TPA) for use to measure parameters such as hardness and adhesiveness.  However, 

there has been several questions raised, for instance, as to how measuring hardness through TPA 

which may not mimic oral processing whereas missing the human mastication when using 

certain ranges of compression speed to mimic the chewing speed of humans (Nishinari, Fang, & 

Rosenthal, 2019).  Texture derives from the structure of food (molecular, microscopic, or 

macroscopic) and is detected by several senses with touch and pressure the most important 

(Szczesniak, 2002).  Foundational research on texture concerned describing and measuring 
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texture attributes, developing a texture lexicon, and the resultant profiling of real foods using this 

lexicon (Muñoz, 1986; Szczesniak, 1963, 2002; Szczesniak, Brandt, & Friedman, 1963).  

Subsequent development has refined texture attribute scales and training material for texture 

evaluation, allowing for an organized approach to describing and identifying a texture profile for 

a particular food (Brandt, Skinner, & Coleman, 1963; Szczesniak, 1963).  Updated reference 

samples and materials to reduce variability among panelists and across scales also allowed for a 

more stable approach (Muñoz, 1986), adding external validity to recognized methods.  This is 

ideal for training of descriptive panelist but is not ideal for understanding consumer preferences, 

or for product development and optimization.  During the 1960ôs and 1970ôs comprehensive 

studies on consumer attitude on texture were examined (Szczesniak, 1971, 1972; Szczesniak & 

Kahn, 1971; Szczesniak & Kleyn, 1963).  Here, researchers developed general principles to 

understand consumer liking, to guide product development work.  Despite significant research on 

measuring texture and texture attributes that drive liking in various product systems, less effort 

has been assigned to what drives differences in texture rejection or preference between observers 

(Jeltema, Beckley, & Vahalik, 2014).  Research has suggested that liking of taste is the primary 

sensory modality driving overall liking and that liking of texture less so (Andersen, Brockhoff, & 

Hyldig, 2019).  However, when Anderson et al looked at the differences between subjects it was 

determined that for 18% liking of texture was the most important sensory modality contributing 

to overall liking, but for taste liking it was 42%.  Overall liking may not be capturing all of the 

consumers attitudes about texture, therefore it is important to ensure additional questions target 

the texture attribute specifically.           

Research into oral processing has begun to identify differences between segments of consumers 

based on oral breakdown of food.  In one study subjects were separated into four chewing 
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efficiency (CE 1-4) groups.  Chewing patterns evaluated while consuming a biscuit indicated 

broad differences in the number of chews, chew time, chew rate and chew work (Brown & 

Braxton, 2000).  The authors found that within the four groups of chewing efficiencies the 

breakdown paths during mastication were different.  When the biscuit samples were evaluated 

for sensory attributes such as hardness, crunchiness, and crumbliness no differences were found 

across the CE groups indicating the subjects perceived the samples in a similar manner.  Findings 

suggested that individual differences in the manipulation and management, specifically chew 

rate, of the product in the mouth may influence liking.  Two CE groups with lower chew 

efficiency and chew rate aligned with subjects who preferred the more crumbly samples whereas 

two groups with higher chew efficiency aligned with subjects who disliked the softened samples 

(Brown & Braxton, 2000).  Research on semi-solid foods also identified four consumption styles 

based on how individuals used their tongue, palate, and teeth, as described by Engelen and van 

Doorn (in  Engelen & de Wijk, 2012).  They described these as simple (placed food on the front 

tongue raised to palate to form seal then retracted the tongue to swallow food), taster (similar to 

ñsimpleò but then made a series of short sucking movements against palate before swallowing), 

manipulator (chewing with incisors and allowing food to flow into buccal sulcus and/or chewing 

between molars), and tongue (made back and forth and sideways movements of the tongue 

against the palate).  Research has shown that for a particular product when the subjects were 

allowed to use their normal oral processing they typically reported the most intense sensation on 

an intensity scale as oppose to when they were asked to manipulate food in their mouth based on 

prescribed complex intra-oral movements (de Wijk, Engelen, & Prinz, 2003).  

Research suggests that even though a wide range of oral processing behaviors are adopted by 

consumers, segments can be grouped into broad categories based on oral processing.  These 
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categories fall into four mouth behavior groups which the original authors named: 1) Suckers, 2) 

Crunchers, 3) Smooshers and 4) Chewers.  Mouth behavior refers to the way individuals 

manipulate food in their mouth as they eat (Jeltema et al., 2014; Jeltema, Beckley, & Vahalik, 

2015, 2016).  Suckers like harder foods that can be sucked on for long periods of time and desire 

to manipulate the food in their mouth.  Smooshers also like to manipulate food between their 

tongue and roof of mouth but with softer foods.  Chewers like foods that they can chew for long 

periods of time whereas Crunchers are forceful in their bite of the foods (Jeltema et al., 2014, 

2015).  A visual algorithm tool (JBMBÊ) was developed after study of mouth behavior by 

qualitative interviews and then surveys to verify their research.  The typing of individuals mouth 

behavior is self-reported (Jeltema et al., 2014, 2015, 2016).  The tool was developed to reproduce 

the assessments made during very long in-depth qualitative studies.  The authors used the tool, in 

the beginning, for early research centered on verifying classification whereas recent research 

looked at foods panelists reported to prefer or not; however they did not consume real products 

during the study, and thus a panelistôs perception of texture itself could not be directly measured 

(Jeltema et al., 2016).   

Many modern food categories offer a range of textures, such as yogurt, which can be smooth and 

silky, thick Greek-style yogurt or yogurt that comes with inclusions such as granola for added 

crunch.  This satisfies a range of consumers who may desire differing textures.  Innovation in 

food product design is a means to drive growth for a food company and is a key approach to 

differentiate their product offerings.  Trends in the food industry have focused more on including 

texture, as well as flavor in food product development, with the number of best-selling new 

samples with a texture claim doubling from 1990 ï 2000 to 2000 ï 2010 (Sloan, 2012).  Between 

2011 ï 2016 there has been a 42% increase in new products with a texture claim across Europe, 
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the Middle East and Africa, so this trend is global in nature (Bensa, 2017).  The top five texture 

claims for new product launches globally from May 2017 ï April 2018 were crunchy (33%), 

smooth (20%), soft (11%), carbonated (8%) and chewy (6%) (Dornbaser, 2018).   

From a product development point of view, the food industry strives to develop against a product 

design, looking for signals of ideal points of flavor, texture etc.  But whose ideal is considered 

when it comes to texture?  If texture is a key driver of growth for food companies, then there 

exists a need to further understand the subtleties of texture with the consumers in mind.  As 

marketers develop concepts with key texture definitions such as crunchy, chewy, melted, soft, 

and creamy, product developers need tools, methods and contextual understanding of texture to 

translate into product attributes.  Currently, consumer segmentation has used gender, age, 

demographics.  There has also been the use of clustering data based on liking (Lawless & 

Heymann, 2010; Moskowitz, Jacobs, & Lazar, 1985; Pangborn, 1970).  Another approach to 

understand differences in texture preference between consumers is with a panelistôs mouth 

behavior.  However, it is not known whether there is a difference in perceived texture intensity of 

a product for a particular mouth behavior.  Or how a preferred mouth behavior or rejected mouth 

behavior correlates to such perceptions of texture intensity for the same product, nor the ideal 

texture for such a product?  These questions explored in this report as an opportunity to 

understand in a quantitative manner the preference for, and perception of texture from panelists 

segmented by mouth behavior.   

This study focused on using classical standard solid oral texture attributes scales (Meilgaard, 

Civille, & Carr, 2016, 2007; Muñoz, 1986) utilizing traditional key reference samples anchoring 

the scales to assess perceived texture intensity differences among mouth behavior and rejected 

mouth behavior groups.  We used untrained panelists, to gauge whether consumers manipulating 
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foods in differing manners perceive these well characterized standards in the same way.  

Additional questions of ideal texture for the texture attributes aimed to understand liking of foods 

in these groups.  The hypothesis was that texture perception and preferred texture was related to 

the manipulation of food in the consumerôs mouth and thus was perceived differently for each 

mouth behavior or rejected mouth behavior group.   

Methods 

Panelists 

All procedures were approved by the Cornell Institutional Review Board for Human Subjects 

research.  Potential panelists were pre-screened with the JBMBÊ visual algorithm tool (Jeltema et 

al., 2016) (Figure 2.1) at least a month before the testing took place.  This was to reduce the 

possibility that panelists were primed by recent consideration of mouth behavior.  It has been 

shown over many studies participants who had been previously exposed to impression-related 

stimuli show significantly higher recall but also were unaware of effect that the priming might 

have had on the subsequent task (J. A. Bargh, Lee-Chai, Barndollar, Gollwitzer, & Trotschel, 

2001; John A. Bargh & Thein, 1985; Chartrand & Bargh, 1996; Hamilton, Katz, & Leirer, 1980; 

Hastie & Kumar, 1979; Hastie & Park, 1986).   

 

Figure 2.1  

JBMBÊ visual algorithm tool (Jeltema et al., 2016).  



32 
 

The questionnaire was designed using Red Jade (Curion Insights, Deerfield, IL.) software and 

executed at the Cornell Sensory Evaluation Center. The study was conducted under red light to 

reduce visual distraction of samples and allow panelist to focus on texture attributes (Choi, 

Churchill, & Merrigan, 2014).      

Samples and questionnaire  

Classic standard solid oral texture attribute scales were selected with known reference samples 

anchored on texture scale used for panelist training and descriptive assessment (Meilgaard et al., 

2016, 2007; Muñoz, 1986).  The specific texture scales selected for this study with untrained 

panelist were chosen based on 1) the hypothesis that these attributes would be perceived 

differently by the differing mouth behavior groups, 2) texture attributes frequently manipulated 

for product optimization by industry 3) consumer-friendly language, 4) the ability to select a sub-

set of consumer-friendly samples at low, medium and high points on the scale, and 5) ability to 

execute consistently with large consumer sensory test of ~120 panelists.  The three scales 

selected were Hardness, Crispness, and Tooth Packing.  The samples selected as low, medium 

and high points within the three classic standard solid oral texture attribute scales are shown in 

Table 2.1, along with the preparation (Meilgaard et al., 2016, 2007; Muñoz, 1986).  All samples 

were purchased from local (Ithaca, NY) supermarkets and served at ambient temperature.  The 

panelists were asked to rate each intensity (hardness, crispness, or tooth packing) for the 

respective samples on an unstructured 100-point line scale.  Anchors at either end of the scale 

were used to correspond to none and large amount or very strong level of the attribute 

(Meilgaard et al., 2007).  The panelists were also asked to rate their ideal texture intensity for 

that product using the same line scales.  Additional questions of overall and texture liking were 

asked to understand preferences using a classic 9-point scale (Jones, Peryam, & Thurston, 1955).    
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Table 2.1 

Hardness, Crispness, and Tooth Packing standard solid oral texture attributes scale.   

 

 
 

Data analysis 

119 panelists completed the testing, however sample size for the Suckers mouth behavior group 

was extremely small (N=4) (Table 2.2) in agreement with the distribution previously described 

(Jeltema et al., 2014).  Panelist data for this group was included for completeness but due to 

small sample size of the Sucker MB group we do not draw any conclusions from this data, 

merely observations.  Texture intensity, ideal and preference ratings by mouth behavior were 

analyzed using analyses of variance (ANOVA) with liking analysis generated for some of the 

Scaled 

Value

Converted 

value study 

comparison Reference Brand/Type/Manufacturer Sample Portion

4.5 30 Cheese Yellow American pasteurized process-deli / Land O'Lakes1/2 in. cube

9 60 Peanuts Cocktail type in vacuum tin / Planters 1 nut, whole

14.5 97 Hard Candy Life Savers 3 pieces, one color

Scaled 

Value

Converted 

value study 

comparison Reference Brand/Type/Manufacturer Sample Portion

5 33 Club Cracker Keebler 1/2 cracker

7 47 Oat Cereal Cheerios / Toasted Whole Grain / General Mills 1 oz.

14 93 Corn Flakes Kellogg's 1 oz.

Scaled 

Value

Converted 

value study 

comparison Reference Brand/Type/Manufacturer Sample Portion

1 7 Carrots Uncooked, fresh, unpelled 1/2 in. slice

7.5 50 Graham Cracker Original Graham crackers / Nabisco 1 in. sq. 

11 73 Cheese Puff Snack Wise-Borden Cheese Doodles 5 pieces

Hardness - Standard Solid Oral Texture Attribute: Force required to bite completely through sample placed between 

molars

Crispness - Standard Solid Oral Texture Attribute: The force (noise) with which the sample breaks or fractures, 

characterized by many, small breaks

Tooth Packing - Standard Solid Oral Texture Attribute: Amount of product adhering on/in the teeth after mastication 

of product
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samples given in the appendices.  Model terms included effects for Panelist (nested within mouth 

behavior group), Sample, Mouth Behavior, and the interaction of Sample and Mouth Behavior.  

Given a statistically significant result, post-hoc means of the outcomes was compared using the 

Tukey-Kramer method.   

For segmentation based on rejected mouth behavior, 4 participantôs data were excluded as each 

had a unique combination of more than one rejected mouth behavior and therefore could not be 

grouped together for analysis (Table 2.3).  This resulted in N=115 panelists for this sub-section.  

The sample size for rejected Chewer MB group was also small (N=5) (Table 2.3) however data 

was included for completeness.   

Analysis was conducted using JMP version 14 (SAS Institute Inc., Cary, NC). The threshold for 

statistical significance was set to p<0.05.   

 Results and Discussion 

Participants 

The recruitment of the panel was from a data base of 388 total panelists previously collected.  

The aim was to solicit panelists from each mouth behavior across the group, knowing that this 

would be difficult for both Suckers and Smooshers given the stated distribution of mouth 

behaviors classification (Jeltema et al., 2014).  While texture profiling is associated with trained 

panels, we purposefully used untrained panels, with well characterized reference standards, to 

see how each group perceived the same samples.  Any training of panelists would have replaced 

these differences with scaling biases.  The resulting breakdown for this study is given in Table 

2.2 for each mouth behavior.  Similar to the published distribution of mouth behavior, we had 

lower samples for Smooshers and Suckers with a higher distribution of Crunchers (39%) 
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compared to 33% reported.  In general, our panelists largely mirrored what has previously been 

stated for the US distribution for these classifications.  The JBMBÊ visual algorithm tool has 

additional questions to elicit a rejected mouth behavior.  A participant can select none, one, or 

more than one of the mouth behaviors other than their selected mouth behavior as a rejected 

mouth behavior.  The resulting breakdown for this research study is in Table 2.2, as well as the 

demographic breakdown.   

Table 2.2 

Panelists who participated in the texture perception sensory test.  Values represent the percent of each 

gender, age and ethnicity.  Mouth behavior and rejected mouth behavior of panelists, values represent the 

percent of each with total panelist count N = 119.  For analysis purposes when segmented based on 

rejected mouth behavior, 4 participantôs data were excluded as each one had a unique combination of 

more than one rejected mouth behavior and therefore could not be grouped together for ANOVA analysis.          

 

  Percent (%)    Percent (%) 
Gender    Mouth Behavior   
Male 23  Chewer 36 
Female 77  Cruncher 39 
Age    Sucker 3 
18 - 24 44  Smoosher 22 
25 - 34 27      
35 - 44 14  Rejected Mouth Behavior   
45 - 54 8  No Rejection 42 
55 - 64 7  Chewer 4 
65 - 74 1  Cruncher 8 
Ethnicity    Sucker 34 
White 56  Smoosher 8 
Hispanic / Latino 10  Sucker & Cruncher 1 
Black / African American 4  Sucker & Smoosher 1 
Asian 29  Smoosher & Chewer 1 
American Indian / Alaskan Native 1  Sucker, Smoosher & Cruncher 1 
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Hardness 

The three samples chosen from the hardness scale represented low, medium and high references 

converted algebraically from the traditional 15pt scale to a 100pt scale.   These were yellow 

cheese (30), peanut (60) and hard candy (97) (Table 2.1).  Samples differed in perceived 

hardness as would be expected (p<.0001).  The ratings mean score differences across products 

are consistent across the MB groups and not significant (Figure 2.2) (MB p=0.1852 and RMB 

p=0.2082).  Reference samplesô accepted positions on these scales also shown for comparison.  

 

 
Figure 2.2 

Least square mean hardness intensity ratings for the samples from the hardness standard solid oral 

hardness texture attribute scale by mouth behavior N=119 and rejected mouth behavior N=115.  Line 

represent mean value based on hardness intensity 1 (extremely soft) to 100 (extremely hard) represented 

on the left y-axis.  The reference value products are shown for comparison with conversion to the 100 

point scale.  ANOVA for samples by mouth behavior and rejected mouth behavior group was not 

significant at p=.1852 and p=.2082 respectively.   
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There were no significant differences for hardness across all 3 samples among the mouth 

behavior groups (p=0.3315), however there were significant differences across all 3 samples 

(p=0.0093) between rejected mouth behavior groups (Figure 2.3).  Those who rejected Cruncher 

mouth behavior rated hardness intensity consistently higher than those who rejected None, 

Sucker or Chewer mouth behavior regardless of product.   

 

 
Figure 2.3 

Least square mean hardness intensity ratings by rejected mouth behavior across all 3 samples from the 

hardness standard solid oral hardness texture attribute scale.  Bars represent least square mean +/- one 

standard error based on hardness intensity 1 (extremely soft) to 100 (extremely hard) represented as the 

left y-axis. ANOVA p=.0093.  Levels not connected by same letter are significantly different from each 

other at p<.05 with post-hoc Tukey HSD. N=115.  

 

There was a significant difference (p=0.0013) for ratings of ideal hardness by mouth behavior 

across the samples (Figure 2.4).  Crunchers consistently desired the samples to have greater 

hardness than what they perceived, while Smooshers desired the samples to have a lower 

hardness.  This is consistent with reported observation of food manipulation by mouth behavior 
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groups, where Smooshers preferred soft foods and Crunchers preferred foods that break up and 

fractured on biting (Jeltema et al., 2014).   

 

 
Figure 2.4 

Least square means ideal hardness intensity ratings by mouth behavior across the samples from the 

hardness standard solid oral hardness texture attribute scale.  Bars represent least square mean +/- one 

standard error based on hardness intensity 1 (extremely soft) to 100 (extremely hard) represented as the 

left y-axis.  ANOVA p=.0013.  Levels not connected by same letter are significantly different from each 

other at p<.05 with post-hoc Tukey HSD. N=119.    

 

Further analysis examined the difference between a panelistôs ideal hardness from the sample 

and the panelistôs actual perceived hardness intensity.  Positive values indicate a desire for more 

hardness from a sample.  There was a significant difference between mouth behavior groups 

(p=0.0489) (Figure 2.5) and rejected mouth behavior groups (p= 0.0086) (Figure 2.6) across the 

samples for differences from ideal hardness with Crunchers desiring samples to be harder than 

Smooshers.  Those who rejected Cruncher mouth behavior desired the samples to be less hard 

than that they perceived.   
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Figure 2.5 

Difference from least square mean ideal hardness and perceived hardness intensity ratings by mouth 

behavior across the samples from the hardness standard solid oral hardness texture attribute scale.  Bars 

represent least square mean differences +/- one standard error based on hardness intensity 1 (extremely 

soft) to 100 (extremely hard) represented on the left y-axis.  Positive values indicate a desire for more 

hardness intensity.  ANOVA p=.0489.  Levels not connected by same letter are significantly different 

from each other at p<.05 with post-hoc Tukey HSD. N=119.     

 

 
Figure 2.6 

Difference from least square mean ideal hardness and perceived hardness intensity ratings by rejected 

mouth behavior across the samples from the hardness standard solid oral hardness texture attribute scale.  

Bars represent least square mean differences +/- one standard error based on hardness intensity 1 

(extremely soft) to 100 (extremely hard) represented on the left y-axis.  Positive value indicates a desire 

for more hardness intensity.  ANOVA p=.0086.  Levels not connected by same letter are significantly 

different from each other at p<.05 with post-hoc Tukey HSD. N=115.    
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There is evidence that Crunchers and Chewers desired ñharderò products when analyzing texture 

liking data for the samples as seen in Figure 2.7 (p=0.0119) with Crunchers and Chewers liking 

the texture of the medium hard product (peanut) over the softest product (yellow cheese).  

Crunchers rated the overall texture of the yellow cheese sample lowest of any sub-group (sample 

and mouth behavior group) (least square mean = 5.65).     

 

 

 

Figure 2.7 

Least square mean texture acceptability ratings for the samples from the hardness standard solid oral 

hardness texture attribute scale by mouth behavior.  Bars represent least square mean +/- one standard 

error based on hedonic liking scales 1 (dislike extremely) to 9 (like extremely) represented on the left y-

axis.  ANOVA p=.0119.  Levels not connected by same letter are significantly different from each other 

at p<.05 with post-hoc Tukey HSD.  N=119. 

 

Our data suggests that there are differences in texture liking and desired hardness for mouth 

behavior groups and we found perceived intensity among rejected mouth behavior groups.  The 

Cruncher group desired higher hardness from several samples.  We also saw the inverse of this in 
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that those who rejected Cruncher mouth behavior desired the hardness to be substantially less 

hard than their rated response as seen in the difference from ideal analysis.  Smooshers desired 

lower hardness intensity from foods.  It has been reported that Smooshers desire to manipulate 

and squash food in their mouth while eating (Jeltema et al., 2016).  Therefore, their desire for 

less hardness could be for less resistance required to achieve a moister state of the food.   

Crispness 

The three samples chosen for the crispness scale represented a low, medium and high level on 

the crispness intensity scale (Meilgaard et al., 2016, 2007; Muñoz, 1986).  These were a club 

cracker (33), oat cereal (47) and corn flake (93) (Table 2.1).  Again, samples differed in 

crispness, as would be expected (p<.0001).  The ratings mean score differences across products 

are consistent across the Mouth Behavior groups and not significant (Figure 2.8) (MB p=0.2065 

and RMB p=0.9576).  Even though the reference samples were from a low, mid and high level of 

crispness intensity, panelists used the top 40% of the scale for all ratings.  This may suggest that 

crispness scale anchors are artificially high, and crispness scales may suffer from compression 

artifacts.  
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Figure 2.8 

Least square mean crispness intensity ratings for the samples from the crispness standard solid oral 

crispness texture attribute scale by mouth behavior N=119 and rejected mouth behavior N=115.  Line 

represent mean value based on crispness intensity 1 (not at all crisp) to 100 (extremely crisp) represented 

on the left y-axis.  The reference value products are shown for comparison with conversion to the 100 

point scale.  ANOVA for samples by mouth behavior and rejected mouth behavior group was not 

significant at p=.2065 and p=.9576 respectively.   

 

There was a significant difference between mouth behavior groups across the three samples for 

perceived crispness (Figure 2.9) (p<0.0001).  Crunchers and Chewers consistently perceived the 

samples as higher in crispness intensity compared to Smooshers who consistently rated lower in 

crispness regardless of the product likely due to the manner in which they consumed the foods in 

question.  There was no significant difference for crispness between the rejected mouth behavior 

groups.       
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Figure 2.9 

Least square means crispness intensity ratings by mouth behavior across the samples from the crispness 

standard solid oral crispness texture attribute scale.  Bars represent least square mean +/- one standard 

error based on crispness intensity 1 (not at all crisp) to 100 (extremely crisp).  ANOVA p<.0001.  Levels 

not connected by same letter are significantly different from each other at p<.05 with post-hoc Tukey 

HSD. N=119.     

 

For ideal crispness there was a significant difference (p<0.0001) between mouth behavior groups 

across the samples (Figure 2.10).  Crunchers and Chewers consistently desired higher crispness 

than Smooshers.  Both Crunchers and Chewers also rated the samples higher in crispness (figure 

2.9) despite desiring for the samples to be higher in crispness still than the Smooshers (figure 

2.10).  When analyzed by rejected mouth behavior across the samples there was a significant 

difference between groups (Figure 2.11) (p=0.0002).  The rejected Cruncher mouth behavior 

group consistently desired the samples to be less crisp than the rejected Sucker or Chewer 

groups, presumably demonstrating that this group did not desire to spend time consuming foods 

in this manner.      
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Figure 2.10 

Least square means ideal crispness intensity ratings by mouth behavior across the samples from the 

crispness standard solid oral crispness texture attribute scale.  Bars represent least square mean +/- one 

standard error based on crispness intensity 1 (not at all crisp) to 100 (extremely crisp).  ANOVA p<.0001.  

Levels not connected by same letter are significantly different from each other at p<.05 with post-hoc 

Tukey HSD. N=119.     

 

 
Figure 2.11 

Least square means ideal crispness intensity ratings by rejected mouth behavior across the samples from 

the crispness standard solid oral crispness texture attribute scale.  Bars represent least square mean +/- one 

standard error based on crispness intensity 1 (not at all crisp) to 100 (extremely crisp).  ANOVA p=.0002.  

Levels not connected by same letter are significantly different from each other at p<.05 with post-hoc 

Tukey HSD. N=115.    
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Those rejecting Cruncher mouth behavior also consistently desired for the sample to be less crisp 

in comparison to those who rejected None, Sucker, Smoosher or Chewer mouth behavior 

(p<0.0001) (Figure 2.12).  The rejected Chewer mouth behavior group seemed to desire to a 

large extent a crisper texture across the samples but due to small sample size (N=5) we do not 

derive any conclusions from these data.   

 

 
Figure 2.12 

Difference from least square mean ideal crispness and perceived crispness intensity ratings by rejected 

mouth behavior across the samples from the crispness standard solid oral crispness texture attribute scale.  

Bars represent least square mean differences +/- one standard error based on crispness intensity 1 (not at 

all crisp) to 100 (extremely crisp) represented on the left y-axis.  Positive values indicate a desire for more 

crisp intensity.  ANOVA p<.0001.  Levels not connected by same letter are significantly different from 

each other at p<.05 with post-hoc Tukey HSD. N=115.    

 

In a sampleôs crispness, Cruncher and Chewer groups desired higher crispness than the 

Smoosher group.  Previous work has described the Smoosher mouth action as to mash food into 

their desired matrix which may not lend itself to this action in highly crisp foods.  Crunchers 

have been described as eating food with force and Chewers less vigorous in their chew than 
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Crunchers, though with a similar mouth motion (Jeltema et al., 2016).  More crispy food could 

allow Crunchers and Chewers to use an appropriate motion for their mouth behavior.   

Tooth packing 

Three samples were chosen to represent a low, medium and high level on the tooth packing 

intensity scale (Meilgaard et al., 2016, 2007; Muñoz, 1986).  These were carrots (7), graham 

crackers (50) and cheese puff snacks (73) (Table 2.1).  Samples again differed in tooth packing, 

as would be expected (p<.0001).   

In general differences for tooth packing samples were smaller than those for hardness or 

crispness.  The samples did not differ for tooth packing for mouth behavior or rejected mouth 

behavior groups (Figure 2.13) (MB p=0.9552 and RMB p=0.4493).  It is noteworthy that the 

tooth packing rating/use of scale for the graham cracker and the cheese puff snack were very 

close for both the mouth behavior and rejected mouth behavior groups  
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Figure 2.13 

Least square mean tooth packing intensity ratings for the samples from the tooth packing standard solid 

oral tooth packing texture attribute scale by mouth behavior N=119 and rejected mouth behavior N=115.  

Data point and line represent mean value based on tooth packing intensity 1 (extemely small amount) to 

100 (extremely large amount) represented on the left y-axis.  The reference value products are shown for 

comparison with conversion to the 100 point scale.  ANOVA for samples by mouth behavior and rejected 

mouth behavior group was not significant at p=.9552 and p=.4493 respectively. 

          

There was no significant difference for tooth packing between mouth behavior or rejected mouth 

behavior groups across the 3 samples (MB p=0.7127 and RMB p=0.1967).  The panelists were 

asked to rate their ideal tooth packing for the sample after rating the tooth packing intensity.  

There was a significant difference for the rating of ideal tooth packing by mouth behavior across 

the samples as seen in Figure 2.14 (p=0.0218), although only for the small Sucker group.  When 

analyzed for difference from ideal tooth packing for the samples no differences were found 

between either mouth behavior or rejected mouth behavior groups.   

           




