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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 doféksng 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 developnt 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 atatilutes,
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 nkedi 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 perceiveedxture, 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
investigded the perception of texture across the eating experience between varying mouth

behavior groups using several differently textured samples of a common food product, salted



potato chips. Mouth behavior groups chewed for varying amounts of time (withidieoséed

as Achewerso taking the | ongest), rated hardn
intensity tasks, and experienced varying attributes in temporal check all that apply tasks. Lastly,

a study of 102 panelists evaluated texture deseripformation, 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 behavioogp. Under uninformed condition, all mouth behavior groups
equally would buy the products, whecruechess under
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 aritical sensory attributen determiningproduct liking. Even though texture is
complex theres general agreemeas to thelefinition of texturan the sensory worldhat it is

the sensory and functional manifestation of the structural, mechanical, and puofaesies of
foods detected through the senses of vison, hearing, touch, and kinesthti§zczesniak,

1963, 2002) Texture isamulti-parameter attribute withhanycharacteristicthat cannot be
reduced to simpler terms suchchewiness or tenderness. Texture derives from structure of the
food (molecular, maroscopic, or macroscopicfoundational resear@n texturecentered on
describingandmeasuring attribute® thendevelop a texture lexicarsulting in the type of

modern sensorgrofiling still used todayMufioz, 1986; Szczesak, 1963, 2002; Szczesniak,
Brandt, & Friedman, 1963)This is ideal fordescriptive panelist where training on texture
attributes and lexicons are extendntg not necessiy for undestandingconsumetiking in

product development and optimizatioAttitudes about texture are foundational to researchers
developing general principles to understand consumer liking and how this could guide product
optimization(Szzesniak, 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 theris lessresearch on what drives differences in texture rejection or
preference. Some newer techniques such as time intensity, teshporabnce of sensation and
TCATA have been applieh understand change in texture over t{@aeong et al., 2014;

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

Oral processingesearchas identiled groups of peoplbased ortheir breakdown of food
(Brown & Braxton, 200Q) Findings indicated that individual differences in the ability to

manipulate and manage a product in the mouth may be a dfiMleng and preferencéBrown

1



& Braxton, 2000) Research on seraolid foods identified four stylesf oral behaviorbased on

how theindividuals used their tongue, palate, and t¢€tien & Engelen, 2012)Research

suggests that even though tharea range of oral processing behavi@snsumergan be

grouped into broad categoriefich can be usetb betterfocusproduct development. These
broadcategories fall into four mouth behavior groups which the authors have named: 1) Suckers,

2) Crunchers, 3) Smooshers and 4) Cheidkema, Beckley, & Vahalik, 2014Mouth

behavior refers to the way individuals manipulate food in their mouths as thi@ekeaina et al.,

2014; Jeltena, Beckley, & Vahalik, 2015, 2016 Mouthbehavior research came from

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

different wayqJeltema et al., 2015)Some participants allowed their cereal to sit in a lot df mil

to get soggy while others used a very small amount of milk to prevent soggy dédrisdied to

60bowl |l i fe testingd whimeekaluatiansof textore and flawot | o n a | a
properties of the cereal. This early work was an attempt to staderwhy 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 ddggyh.behavior

research, over time, usedaijtative observation and interviews, clarified different oral

behaviors, used quantitative survey tools to verify qualitative research to then develop the
JBMBE tool which is a vi s u anouttebéhgvionJeltenmamtaly s e d t
2014, 2015, 2016)The tool was to reproduce the assessments made dudegtim qualitative

sudi es. The person selects a picture that 1is
picture describes an eating style for exampl e
foods t hat Additoraluglestions askeadterthe initid pictorial determination

were reminiscent of the qualitative interviews to clanfguthbe havi or such as Awhi



most | i ke youé the food is either icitfoengpa fr om
mass that | can spend some time dnevibefore | swallow. The food should fight back a little as

I eat i t. o

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 foquimelists of

varying mouth behaviors. Typically researchers segment consumers by gender, age, or similar
patterns of likingLawless & Heymann, 2010; Moskowitz, Jacobs, & Lazar, 1985; Pangborn,

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

panel i st 0s (@loaptér hdetails & shudy abbouthbehavior andejectedmouth

behavior data collected glolyal This data was collected ov@vencountries with the same

recruiting methodology si ng t he JBMBE v i sQuednalysid ofjtlissdata h m t o c
was the first of its kind toeportthe global distribution ofmouth behavior andejectedmouth

behavior. We found that there are diffences 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 thesdaral 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 demonstratdifferences gquantitatively 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.



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, textiiribates 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 peqation 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 t he c¢onsume redmoutbehavior angl expestatons o b uy
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 dation, 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 textureund/e f
evidence oflifferences irpurchase intent with texture information, aagitureexpectations

amongmouthbehavior groups.

Finally, with ourConcluding Remarks we speculate on the contribution of these studies to the
field of sensory analysis anke 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 avergoott & Downey, 2007and is also a

critical determinant of food liking and preferenddoskowitz, 1982; Szczesniak, 2002)Ve

have expectations around food texture, and when they are met we concentrate more on flavor and
taste(Szczesniak & Kahn, 1971 extures that are liked or disliked depends on the food type,

but in general there are some textures ainatoroadly preferred to othgiSzczesniak, 2002)

The belief of whatlefinesan attractive texture can also vary between cultu@ege 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 stutledts: richer vocabulary for texture than

American studentg§yoshikawa, 197Q) Some cultures share a commonality of texture terms.
Texture terms such as fAcri @epmyofiarenahyous@jdu
consumers in GermgRohm, 1990) English(Szczesniak, 1971; Szczesniak & Kleyn, 1963)

and Japanedq&oshikawa, 1970Q) A study by Nishinaret al (2008) reported that not only are

there varying words to describe a texture by culture but also in the origin of the word
Onomatopoeiasnord that phonetically imitates, ®bles, or suggests the sound that it
describepvary greatly. There are many more onomatopoeic texture examples in Japanese than

in Chinese language, suchtasrutsuru(smooth and slippery) anghripari (crispy) (Nishinari et



al., 2008)whereas Chinese language uses more ideogignagshic symbol that represents an

idea or concept, independaritany particular language, and specific words or phyadasa

study comparing texture terms between English and Finnish languages the authors found in some
cases the English word, such as fAthicka, der.i
sentence such as for a sauce or potato chips. Conversely in the Finish language there are specific
words to describe Athicko such as fApaksuo for

flow and fAsakeao f orlLawldsg, akne,l&iTwhorla, 975 auce or pu

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 ¢wres. 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

experiene such as o6thick, heartyéd soup or Ocrispy
must translate these words into product attributes that a consumer (i) understands and (ii) finds
acceptabl e. Al so the product asaghacktoherey an a
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 cré&srnyesniak, 2002)Globally,

texture is mportant 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
(20117 2016)(Bensa, 2017) The top five texture claims for new product laurschebally

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

period of May 2017 April 2018) (Dornbaser, 2018)



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 consume(kawless & 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 textunegsefere
and understanding how this relates to product likBrgpwn & Braxton, 2000; de Wijk, Engelen,

& Prinz, 2003; Engelen & de Wijk, 2012; Po et @011; 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 classificain (Jeltema, Beckley, & Vahalik, 2014, 2015, 20&6)Id allow
developers to better target product development and optimizatteese broad categories fall

into four groupghe originalauthors named: 1) Suckers, 2) Crunchers, 3) Smooshers and 4)
Chewers. Moutlbehavior refers to the way individuals mamgte food in their mouths as they
eat(Jeltema et al., 2014, 2015, 2018hese groups falhto 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 n®wtkers enjoy harder foods

that can be sucked on for a longjene, 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 pé&leitdsna et al., 2014, 2015)
Mouth behavior researclnas employedualitative observation and interviewesclarify these
different oralprocessingehaviorsandused survey tools to verify qualitative research to

developa typing toolbased ora visual algorithm used to type individuatsouth behavior by



seltreport(Jeltema eal., 2014, 2015, 2016)The prevalence of thaouth behaviogroups in
the U.Sisreported inTable 1.1(Jeltema et al., 2014from asurvey conductednaong 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 (J&tema et al., 2014)

U.S. population mouth behavior categorization based on a survey (N=
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 marketplachis report presents suey data, from industry
sources, tested in over 6000 panelists, from 7 countries (sample set ranges from countries
ranging from 494 to 1224jpcused on understanding the globastributionof mouth behavior
ascompard to thatreportedn theUS. Thus, ve hope the results presented will help to
understananouth behaviodistributionso thatproduct developsrmayguide their research
globally. Our hypothesis was thatedistribution ofmouth behaviogroupsacrosscountries
would bedifferent, in line with differing styles of food being consumed across the globe.

Secondarily, we propose that mouth behavior also would varygeitder and age.

10



Methods

All procedures were approved by the Cornell Institutional Review Board for Human Subjects
reseach. This study was a&urveyof mouth behaviodata collected as past an industry

(PepsiCo snacks sensory teskecuted globally This data was collected over multiple countries

with the same recruiting methodology. The JBMBsual algorithntool link (Jeltema et al.,
2016)wasaddedo the end of the sensory test seen ifrigure 1.1 Theinclusioncriteriawere

that panelists wergnacks category users (once per month or more), balanced for male and
female, spread for age (country dependent) and income (country dependent). Tiescount

tested wer®razil (n=1136), China (n=1224), India (n=698), Mexico (n=824), Spain (n=715),

the UK (n=494) and theSA (1029). The study wasarried outhrough local agencies at a

central locationwith the typing tool translated into local langusig& he survey asks the

panelists to select a picture that is like their eating style. Secondary questions are used to further
clarify by asking fAwhich story is most |ike vy

behaviors the panelists rejecor is not like them.

Figure 1.1
JBMBE visual algorithrtool (Jeltema et al., 2016)
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Data analysis

All panelist (N=6120) data was used in the analimislistribution 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 distsution differences of mouth behavior or rejected mouth behavior and
gender and age range within a countMouth behavior proportion by pair of countriesre

anal yzed by F Hal bonegropodioneTheseanalyses wete céhducted using IMP
version 14 (SAS Institute Inc., Cary, NC). The threshold for statistical significance across all
countries was set to p<0.05ignificance across all pairwise country comparisons settadp.
Bonferroni correction was used to set the significdecel at p=0.05/21 =0.0024for each

individual pair. For the mouth behavior proportid@nferroni correction was used to set the

significance p value at p3:05/84 =0.0006 for individual pair.

Resultsand Discussion

Global mouth behavior distribution

Results supporteithat theraveredifferences in distribution ahouth behaviogroups across
countries, gender, and algased on our sampléigure 1.2A shows a global snapshot of the
distribution of mouth behavior groups across the globe. cAsumers are recruited for sensory
tests to provide direction to product developérns clearlyimportant to fully understand the
population and their perspeati There was aignificant differencgp<0.0001)in distribution of
mouth behavioby country as seen irigure 1.2B. Brazil hass2% Chewersvhere India has
28%. Indiahad 26%Smooshersvhile the UK and Mexico had 15%. China, the UK and India

had greter than 10% Suckers while Brazil and Mexico had less than 6%. For the US, our data

12



mirrored what has been reported for the US mouth behavior distribution for Suckers and
Smoosher, however our data had higher proportions of Crunchers than Chewealsolt is

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 mouthwbet) there was also a significant
difference (p<0.0001) in distribution across the countiégufe 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 Smooshevuth behavior.

13
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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.

USA, N=1029
UK, N= 494
Spain, N= 715
Mexico, N=824
India, N= 698
China, N=1224
Brazil, N=1136

0% 20% 40% 60% 80% 100%
Proportion of Mouth Behavior

m Sucker ®m Cruncher m Smoosher m Chewer

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 proporéigis)f that mouth
behavior (based on JBMB typing tool) couat €ountry 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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USA, N= 1029
UK, N=494
Spain, N=715
Mexico, N=824
India, N= 698
China, N=1224

Brazil, N=1136
0% 20% 40% 60% 80% 100%
W Rejected No Mouth Behavior ORejected Sucker
O Rejected Cruncher ® Rejected Smoosher
B Rejected Chewer O Rejected More than One Mouth Behavior

Figure 1.3

Global snapshot of rejected mouth behadistribution by country based on survey data. Data is not
from a demographically accurate distribution of individuals in each country. Bars represent the
proportion (xaxis) of that rejected mouth behavior (based on JBMB typing tool) count for couséy ba
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 comparisorghowed patterns ehouth behavior differed significantly between

countries Figure 14). 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<0.0@ina was

different than Mexico (p<0.000br Spain (p<0.0001) . l ndi ads
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 obwius 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
ead 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 (Ching}.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<.00@ [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} M=

(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 différgote

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), Irdd20(jD1), 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). Thedifference 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 ithebuld 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 propoesosis) 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 vaat p= .05/84 =.0006 for individual pair. Significance is shown with those
mout h behaviors shown in color (versus grey and
tail on proportions p<.0001 [N=5% (Brazil Sucker), N=13% (China Sucker)D001 [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 Smoosh&=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 Crunchiep<.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 Smoshe
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

Span (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 prefe(&abadinen, Schlich, & Tuorila,

2000; Michon, OO6Sul | i v aKalvigineretaHound thétexture & Ker r vy,
preferred by middlaged females was short and fractuywdile harder more adhesive candy

textures were preferred by midedlged males. Our results suggest that segmenting by gender

may be less important than segmenting by mouth behavionv® ghdduct 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=.0Bi sGuare 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)Higures 17 and 18). For both countries it is notablest 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 {28yrs) than for the elderly (686 yrs) as well

as rating of creaminegkKremer, 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 foundttivéth age, the

prevalence of edentulisftooth loss)increased: 5% prevalence (6@&9 years old), 11% (60

69), 24% (70 79) and 37% (80 and ovdiPeltzer et al., 2014)Possibly this is the reason that
there is a decline in Chewers andrease of Smoosher with age as we found in Mexico and

Spain. A study oédentulismacross Mexico found that for 3544 age, 2% reported tooth loss
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while 25% did so in the 6674 age grougMedinaSolis et al., 2008)hile another reported for
Spain 2.8% prevalence for those undeaB@ 12.1% for those over §0yrovolas et al., 2016)
Many products are targeted to younger alidr populations, which our data would indicate
may need to be different texture product designs. Segmenting by mouth behavior could help

with the product optimization.

451064 | 11 | I 09
361044 | 13 | l 87 l
251035 |10 l 72 l
16 t0 24 15| l 135 l
. .

0% 20% 40% 60% 80% 100%

Proportion of Mouth Behavior

OSucker OCruncher BSmoosher B Chewer

Figure 1.7

Comparison of ages ranges mouth behavior counts for Mexico. Pagseat the proportion {xxis) 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 t@4 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 propstis)rofx

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. 9ghare 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 smallgth globalizationwhere consumers have access to
moregoods and serviceaban whatvasavailable 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 competitorsastes 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 optimizatio

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 belmeortiondifferences
between countriesThe distribution and proportion of a mouth beibain the US is not the

same as for China, India or Brazil for instan€dten a multinational food company will develop
and optimize within one market before exporting this same product to other regions. Our data
suggest that understanding texturét aslates 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 aversio(Scott & Downey, 2007) Texturefrom foodsis perceived aa

complex group ofensory attributg and igmportantin guidingproduct liking ancthoice
(Szczesniak, 2002)Texture isa complexmulti-parameter attribute with marmharacteriscs

and cannot be reduced to a singular parameter sudteasness ocrunchiness While texture
remains complex, a common definition of textisréhe sensory and functional manifestation of

the structural, mechanical, and surface properties of foetésted through the senses ofotis
hearing, touch, and kinesthetiSzczesniak, 1963, 2002Lertain instrumental methods have

been developed tetect and quantify physical parameteir§oods that in turn baterpreted in

terms oftexture, however texture requires an observer to perceilRegearch has praled

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 raiggdnstanceas to how measuring hardness through TPA
which may not mimic oraprocessingvhereas missing the human mastication when using

certain ranges of compression speed to mimic the chewing speed of Hdhsansari, Fang, &
Rosenthal, 2019)Texture derives fronthe structure of food (molecular, microscopic, or
macroscopicandis detected by several senses with touch and pressure the most important

(Szczesniak, 2002)Foundationatesearch on textui@ncernediescribingandmeasuring
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texture attributes, developing a texture lexicamdthe resitant profiling of real foods using this
lexicon(Mufioz, 1986; Szczesniak, 1963, 2002; Szczesniak, Brandt, & Friedman, 1963)
Subsequerdevelopmenhasrefined textureattributescales and training material for texture
evaluaton, allowing for an organized approach to describing and identifying a texture profile for
a particular foodBrandt, Skinner, & Coleman, 1963; Szczesniak, 196§)dated reference
samplesand materials to reduce variability among panefistd across scaelso allowed for a
more stable approa¢Mufioz, 1986)adding external vality to recognized methodsThis is

ideal for training of descriptive panelist bstnot ideafor undersandingconsumer preferences

or for product development and optimizatioB.ur i ng t he 196006s and 1970:¢
studies on consumer attitude t@xture were examing®zczesniak, 1971, 1972; Szczesniak &
Kahn, 1971; Szczesniak & Kleyn, 1963)lere, researchers developed general principles to
understand comsner liking, to guide product development work. Desgigmificant research on
measuring texture and texture attributestdrive liking in various product systemigss effort

has been assignedwdat drives differences in texture rejection or prafeebetween observers
(Jeltema, Beckley, & Vahalik, 2014Research has suggested that liking of taste is the primary
sensory modality driving overall liking and that liking of texture lesésmlersen, Brockhoff, &
Hyldig, 2019) However, when Andersat allooked 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 fortaste liking it was 42%Overall liking may not be capturirggl of the
consumersittitudes about texturéherefore it is important to ensure additional questions target

the textureattributespecifically.

Research into oral procgeg hasegunto identify differerces betweesegment®f consumers

based on oral breakdown of foobh one study subjects were separated into four chewing
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efficiency (CE 14) groups. Chewing patterns evaluated while consuming a biscuit indicated
broaddifferences in the number of chews, chew time, chew rate and chewBvorkn &

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 diffenenfresde

across the CE groups indicating the subjects perceived the samples in a similar rfRguoiegs
suggestedhat individual differences themanipulaton and manageent, specifically chew

rate, ofthe producin the mouth maynfluenceliking. Two CE groups with lower chew

efficiency and chew rataligned with subjecte/ho preferred the more crumbly samples whereas

two groups with higher chew efficiency aligned with subjects who dislikeddfiened samples

(Brown & Braxton, 200Q) Research on sersplid foodsalsoidentified four consumptiorstyles

based on how individuals used their tongue, palate, and seetlescribed 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 thetnacted the tongue to swallow food), taster (similar to

Asi mpled but then made a series of short suck
manipulator (chewing with incisors and allowing food to flow into buccal sulcus and/or chewing
between miars), and tongue (made back and forth and sideways movements of the tongue
against the palateResearch has shown that for a particular prodinen the subjects were

allowed to use their normal oral processing they typically reportechdiséintensesersation on

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

prescribed complex intraral movementgde Wijk, Engelen, & Prinz, 2003)

Research suggests that even though a wide range of oral processing behaddopted by

consumerssegmentganbe grouped into broad categortessed on oral processinghese

28



categories fall into four mouth bavior groups whiclthe originalauthors named: 1) Suckers, 2)
Crunchers, 3) Smooshers and 4) Chewstsuth behaviorefers to the way individuals

manipulate food in their mouth as they ghtltema et al., 2014; Jeltema, Beckley, & Vahalik,
2015, 2016) Suclers 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 theji@arfar long
periods of time whereas Crunchers are forceful in their bite of the {deliema et al., 2014,

2015) A visual algorithm toolJ B M B)kvas developed after study of mouth behavior by
gualitative interviewsnd thensurveys to verify theirresearch Thetyping of individualsmouth
behavior is selfeported(Jeltema et al., 2014, 2015, 2016)he tool was developed to reproduce
the assessments made dunmegy longin-depth qualitative studiesThe authors used the tool, in

the beginning, forarly research centeranh verifyingclassificationrwhereagecent research

looked atfoods panelists reported to prefer or not; however they did not consume real products
during t he study, and thus a panelistds percept.i

(Jeltema et al., 2016)

Many modernfood categories offer a range of texturesch as yoguyivhich can besmooth and
silky, thick Greekstyle yogurtor yogurt that comes with inclusions such as granola for added
crunch. This satigés a range of consumers whaywlesire diferingtextures. 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 maordwatirig
texture, as well as flavor in food product development, with the number eddiisg new
samples with a texture claim doubling from 1992000 to 200G 2010(Sloan, 2012) Between

20117 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 nafBesnsa, 2017) The top five texture
claims for new product launches globally from May 201April 2018 were crunchy (33%),

smooth (20%), soft (11%), carbonated (8%) and chewy (B%inbaser, 2018)

From a product development point of vighe food industrgtrivesto develop against a product
design looking for signals ofideal points of flavor, texture etc. But whose idealassidered

when it comes to texturel® 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 segmentatgoused gender, age,
demographics. There has also been the use of clustering data based ¢hdikliegs &

Heymann, 2010; Moskowitz, Jacobs, & Lazar, 1985; Pangborn, 18@)ther approach to
understand differences intextper ef er ence bet ween consumers i s
behavior. However, it is not known whetltleereis a difference in perceived texture intensty

a producffor a particulamouth 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 percepgatuod from panelists

segmented by mouth behavior.

This study focused omsingclassicaktandardsolid oral textureattributes scale@Meilgaard,
Civille, & Carr, 2016, 2007; Mufioz, 1986jilizing traditionalkey reference samplemchoing
the scales to assgssrceived texture intensitlifferences amongouth behavioand rejected

mouth behaviogroups. 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 afleal texture for the texture attributes aimednaderstandiking of foods

in these groupsThe hypothesis was that texture perception and preferred texture was related to

t he mani pul ation of food in the consumer s mo

mouth behavior or rejected mouth behavior group.
Methods
Panelists

All procedures were approved by the Cornell Institutional Review Board for Human Subjects
research. Potential panelisisre prescreenedavith the JBMBE visual algorithntool (Jeltema et

al., 2016)(Figure 2.1) at least a month before the testing took place. Thidaveexiuce 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 immedasioh
stimuli show significantly higher recall but also wereaware of effect that the priming might
have had on the subsequent tg@skA. Bagh, LeeChai, 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

JBMBE visual algorithntool (Jeltema et al., 2016)

31



The questionnaire was designeingRedJade Curion hsights, Deerfield, 1L).software and
executed at the CornélensoryEvaluation Center. The study was conducted under red light to
reduce visual distraction samplesand allow panelist to focus on texture attribytékoi,

Churchill, & Merrigan, 2014)

Samples and questionnaire

Classicstandardsolid oral textureattribute scales were selectetth knownreference samples
anchored on texture scale used for panelist training and descriptive ass¢bterigaard et al.,
2016, 2007; Mifioz, 1986) The specific texture scales selected for this study with untrained
panelistwere chosen based on 1) the hypothesis that these attributes would be perceived
differently by the differing mouth behavior groups, 2) texture attributes frequeathipulated

for product optimization by industry 3) consunrigendly language, ¥the ability to selecasub
set ofconsumeifriendly samplest low, medium and higphointson the scale, and ability to
execute consistently with large consumer sgntst of~120 panelist The three scales
selected were Hardness, Crispness, and Tooth Packingaipeselected akbw, medium
andhigh poins within the threeclassic standard solid oral texture atttdscales are shown in
Table 21, alongwith the preparatiofMeilgaard et al., 2016, 2007; Mufioz, 198&)I samples
were purchased from local (Ithaca, NY) supermar&atsserved at ambient temperatufehe
panelists were asked to rate each intensity (hardness, crispness, or tooth packing) for the
respective samples on an unstructuredd@dt line scale. Anchors at either end of the scale
were used to correspond to none and large amount or very stxah@i the attribute

(Meilgaard et al., 2007)The panelists were also asked to rate their ideal texture intensity for
that product using the samadi scales. Additional questions of overall and texture liking were

asked to understand preferences using a clagson® scalgJones, Peryam, & Thurston, 1955)
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Table 2.1

Hardness, Crispness, and Tooth Packiagdard solid oral texture attributes scale.

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

Converted
Scaled value study
Value comparison Reference Brand/Type/Manufacturer Sample Portion
4.5 30 Cheese Yellow American pasteurized process-deli / Land O'Lale® in. cube
9 60 Peanuts Cocktail type in vacuum tin / Planters 1 nut, whole
145 97 Hard Candy Life Savers 3 pieces, one color

Crispness - Standard Solid Oral Texture Attribute: The force (noise) with which the sample breaks or fracture:
characterized by many, small breaks

Converted
Scaled value study
Value 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.

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

of product
Converted
Scaled value study
Value 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 lin.sq.
11 73 Cheese Puff Snack Wise-Borden Cheese Doodles 5 pieces

Data analysis

119 panelists completed the testing, however sample size for the Suckers mouth behavior group
was extremely small (N=4)able 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

smal 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 generatedrfag of the
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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 respfitosthoc mean of the outcomes ascompared usinthe

Tukey-Kramer method

For segmerationbased omejectedmouth behavigr 4 par t i ciexdudeteéesachd at a we
had a unique combination of more than ogjectedmouth behavioand therefore could not be

grouped together for analygiBable 2.3. This resulted in N=115 panelists for this sdztion.

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

was included for completeness.

Analysis wasconducted using JMP version 14 (SAS Institute Inc., Cary, NC)thireshold for

statistical significance was set to p<0.05.

Resultsand Discussion

Participants

The recruitment of the panelsfrom adata basef 388 total panelistpreviowsly collected

The aim was to solicpanelists from eacmouth behavioacrosghe groupknowing that this

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

behaviors classificatiofUeltema et al., 2014)While texture profiling is associated with trained
panels, we purposefully used untrained panels, with well characterized refeeemtzgds, to

see how each group perceived the same samples. Any training of panelists would have replaced
these differences with scaling bias@$e resulting breakdown for thssudy is given inrable

2.2for each mouth behavioiSimilar to the publiséd 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 distributionifthese classifications. TR8MBE visual algorithntool 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
mout behavior. The resulting breakdown for this research studylahle 22, 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 NE9. For analysis purposes when segmented based on
rejected mouth behavior, 4 participantds data wer

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 1l |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 SuckerSmoosher & Cruncher 1
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Hardness

The three samples choskam the hardness scalepresented low, medium and high referesnce
converted algebraically from the traditional 15pt scale to a 100pt sd&lese were yellow
cheese30), peanut§0) and hard candydf) (Table 21). Samples differed in perceived
hardness as would be expected (p<.000he ratings mean score difégrces across products

are consistent across the MB groapsl not significanfFigure 2.2)(MB p=0.1852 ancRMB

p=0.2082 . Reference samplesd accepted positions
100 | o __ Hard Candy reference value 00 1. Hard Candy reference value
x x x x x“TTTTTT x
X
80 80
z L °
€ 60 fommmmmmmmm e ] Peanut reference value 60 b omomc e Peanut reference value
g .
£ [} L ]
8 ® . .
@
5 40 40
e USRS Cheesereferencevalue | ___ Cheese reference value _ @
n W Yellow Cheese
20 ! ™ a 20 n | | L} @ Peanuts
a
[ ]
X Hard Candy
0 0
Sucker Cruncher Smoosher Chewer Rejected No Rejected Rejected Rejected Rejected
Mouth Sucker Cruncher Smoosher Chewer
Behavior
Figure 2.2

Least square mean hardness intensitings for the samples from the hardness standard solid oral
hardness texture attribute scale by mouth behavior N=119 and rejected mouth béhatmrLine
represent mean value basedhardness intensity 1 (extremely soft) to 100 (extremely hard) represented
on the left yaxis. The reference value products are shown for comparison with conversion to the 100
point scale. ANOVA for samples by mouth behavior and rejected mouth behgroop 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 behagraups(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.

100 +
80 - A

.—"2'.;’.—"2’
IS
IS
IS
IS
IS
IS

Hardness Intensity

o

Rejected Rejected Rejected Rejected Rejected
No Mouth Sucker CruncherSmoosher Chewer
Behavior

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 squarenmean +/
standard error based on hardness intensity 1 (a&tyesoft) 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 pogtoc Tukey HSDN=115.

There was a significant difference (p=0.0013)rimgs of ideal hardness by mouth behavior
across the sampleBiQure 24). 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, whee Smooshers preferred soft foods and Crunchers preferred foods that break up and

fractured on bitingJeltema et al., 2014)

100
0
3 80
S >
2% 60 I -
c
T o
)
h=] 20
AB A
0

Sucker  Cruncher Smoosher Chewer

Figure 2.4

Least square meardeal hardness intensity ratings by mouth behavior across the samples from the
hardness standard solid oral hardness texture attribute 8zaterepresent least square mearomé
standard error basexh hardness intensity 1 (extremely soft) to 1&aremely 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 pogtoc Tukey HSDN=119.

Further analysis x ami ned t he difference between a panel
and the panel i bardaesintensity. lPasltive patueséndicate a desire for more
hardness from a sample. There was a significant difference between moutlobgltps

(p=0.0489) Figure 25) and rejected mouth behavior groups (p= 0.00B&jufe 2.6) across the

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

Smooshers. Those who rejected Cruncher mouth behagioed¢he 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 hardnesatteltiuesscale Bars
represent least square mean differencesn¢ standard error based on hardness intensity 1 (extremely
soft) to 100 (extremely hard) represented on the laftig. Positive values indicate a desire for more
hardness intensityANOVA p=.0489. Levels not connected by same letter are significantly different

from each other at p<.05 with pdsdbc Tukey HSD. N=119.
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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 differenceme/standard error based on hardness intensity 1

(extremely soft) to 100 (extremely hard) represented on the-&fisy Positive value indicates a desire

for more hardness intensitANOVA p=.0086. Levels not connected by same letter are signifycant

different from each other at p<.05 with pbsic Tukey HSDN=115.
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There isevidenca hat Cruncher s and Ch e whkenasalyihgtexiune e d
liking datafor thesamples as seen Figure 2.7 (p=0.0119)with Crunchers and Chewsliking

the texture of thenedium hard producpéanu} over thesoftest productyellow cheesg

Crunchers rated the overall texture of the yellow cheese sample livesst subgroup (sample

andmouth behaviogroup (least square mean = 5.65).

2 9|1
% 8 . T
5 7
[} '|' T
g 6 O Sucker
f) 5 O Cruncher
S 4 @ Smoosher
3 3 @ Chewer
|_

2 | |aB| € ABd A ABQAB

1

Yellow Cheese Peanuts Hard Candy
Figure 2.7

Least square mean texture acceptability ratings for the samples from the hardness standard solid oral
hardness texture attribute scale by mouth beha®ars represent least square mearofté standard
errorbased on hedonic liking scalesdis{ike 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 poshoc 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

Crunche group desired higher hardndssm several samplesWe also sawheinverseof this in
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that those whoejectedCrunchemouth behaviodesired the hardness to be substantially less

hard than their rated response as seen in the difference from ideal analysis. Smooshers desired
lower hardness intensifyom foods It has been reported that Smooshers desire to manipulate
and squasfood in their mouttwhile eating(Jeltema et al., 2016)Therefore, their desire for

less hardness could be for lessistanceequired toachieve anoister state of the food.

Crispness

The threesampleshoserfor the crispness scatepresented a lowmedium and high level on

the crispness intensity sedMeilgaard et al., 2016, 2007; Mufioz, 198@hese weraclub
cracker 83), oat cereal47) and corn flakeq3) (Table 2.1) Again, samples differed in

crispness, as would be expected (p<.000he ratings mean score differences across products
are consistent across the Mouth Behavior gramasnot significantRigure 2.8) (MB p=0.2065
andRMB p=0.9576. Eventhough thaeference samplagere from a low, mid and high level of
crispness intensifypanelistaised the top 40% of the scale for all rating$is may suggest that
crispness scale anchors are artificially high, and crispness scales may suffer fimessan

artifacts.
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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 ehatorLine
represent mean value baseudcrispness intensity 1 (nat all crisp) to 100 (extremely crisp) represented
on the left yaxis. 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

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

There was a significant difference between mouth behavior groups across the three samples for
perceived crispnes§igure 2.9) (p<0.0001). Crunchers and Chewers consistently perceived the
samples as higher in gpisess 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
guestion. There was no significant difference for crispness between the rejected ehawntbrb

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 onesstaridard
errorbasedbn 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 wittopdatkey

HSD. N=119.

For ideal crispness there wasignficant differencgp<0.0001)betweemmouth behaviogroups
acrosshesamplesFigure 2.10). Crunchers and Chewarsnsistentlydesired higher crispness

than SmooshersBoth 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 groupBigure 2.11) (p=0.0002). The rejected Crunchmouth 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 squareneans ideal crispness intensity ratings by mouth behavior across the samples from the
crispness standard solid oral crispness texture attribute scale. Bars represent least squaremeean +/
standard error basexh crispness intensity 1 (not at all chisp 100 (extremely crisp). ANOVA p<.0001.

Levels not connected by same letter are significantly different from each other at p<.05 withgost

Tukey HSD. N=119.
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Figure 2.11

Least square means ideal crispness intensity ratings by rejectedbabattior across the samples from
the crispness standard solid oral crispness texture attribute scale. Bars represent least squameneean +/
standard error basexh crispness intensity 1 (not at all crisp) to 100 (extremely crisp). ANOVA p=.0002.

Levds not connected by same letter are significantly different from each other at p<.05 witlo@ost

Tukey HSD.N=115.
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Those ejecing Crunchemouth behavioalsoconsistentlydesiredfor the sample to bkess crisp
in comparison to those whejectedNone,Sucker Smoosher or Chewemnouth behavior
(p<0.0001) Figure 2.12). TherejectedChewemmouth behaviogroup seemed to desire to a
large extent a crisper texture acrosssammpledut due to small sante size(N=5) we do not

derive anyconclusiongrom these data
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Behavior

Figure 2.12

Difference from least square mean ideal crispness and perceived crispness intensity ratings by rejected
mouth behavior across tesampledrom the crispness standard solid anaspness texture attribute scale.
Bars represent least square mean differencame/standard error based on crispness intensity 1 (not at
all crisp) to 100 (extremely crisp) represented on the laftiy. 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 peisbc Tukey HSDN=115.

In a sampleds crispness, Cruncher and Chewer
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 ¢asds. 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 mot{deltema 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 choserrépresent a low, medium and high level on the tooth packing
intensity scal¢Meilgaard et al., 2016, 2007; Muioz, 198@)hese were carrots (7), graham
crackers (50) rd 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 tootblkozg for mouth behavior or rejected mouth
behavior groupsHigure 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 behaviand rejected mouth behavior groups
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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 béhattor

Data point and line represent mean value basd¢doth packing intensity 1 (extemely small amount) to

100 (extremely large amount) represented on theakis. The reference value products are shown for
comparison with conversion to the 100 point sc@lBIOVA for samples by mouth behavior and regst

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.I8&Y 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 seenkigure 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.
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