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Overview 
 

The theme of the 4th International Conference on Food Oral Processing is 

 

“Food Oral Processing through life: interplay between food structure, 

sensory, pleasure and nutritional needs”  
 

divided into six themes: 

 

1. Food structure, breakdown and sensory perception  

2. Food oral processing: first step of digestion 

3. Interaction of food and oral anatomy 

4. Physiology of chewing and swallowing 

5. Food Oral Processing and food design for specific consumer groups 

6. Analytical techniques to measure Food Oral Processing 

 

The conference will close with two plenary lectures by speakers with a distinguished career in 

food & nutrition science, offering different perspectives on key topics of the conference: 

Prof. Peter Lucas and Dr. Heribert Watzke. 

 

The classical “playground” of Food Oral Processing is at the interface of food physics and 

structure design (theme 1) as well as sensory science and oral physiology (theme 2). The idea 

of designing products goods based on the response to a specific target response is not new at 

least at the molecular scale: the pharmaceutical industry is built on this foundation. When it 

comes to sensory properties, the level of complexity involved rapidly becomes very high. Food 

structure will impact taste and aroma release and evidently texture, which is a sensory 

translation of mechanical stresses and other stimuli to oral surfaces (theme 3). Designing foods 

for a specific sensory target requires knowledge of the oral physiology, in-mouth transport 

phenomena (mass, heat and momentum) and dynamics of food structure in the oral cavity, 

which is effectively the first step of the digestion process (theme 4). In addition, physiological 

changes occurring during children development and ageing strongly modify the boundary 

conditions applied to foods (theme 5). Those have to be understood and mastered if we want to 

successfully design foods for those specific populations. Finally, the techniques that are used 

to understand in mouth phenomena are under constant development (theme 6). Coupled with 

rigorous mathematical models, new validated experimental methods are important to perform 

for discovery in all sectors that have been mentioned above. 
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Monday 4 July 

    

08:00-08:30 On-site registration 

08.30-09.00 Conference Opening 

Session 1: Food structure, breakdown and sensory perception 

09.00-09.30 

PL 

Oral processing through the life span: Interplay between food structure, sensory 
perception and pleasure 

Markus Stieger 

Wageningen University (Wageningen, NL) 

09.30-09.45 

OP1 

A comprehensive framework for food texture based on food structure formation, 
state of matter, and oral processing operations 

Allen Foegeding1, Christopher Vinyard2. 

1North Carolina State University (Raleigh, USA); 2Northeast Ohio Medical University (USA) 

09.45-10.00 

OP2 

Oral processing of bread: a key process explaining the dynamics of aroma and 
texture perceptions 

Solenne Jourdren1-2, Anne Saint-Eve2, Maud Panouillé2, Isabelle Déléris2, 
Pascal Lejeune1, Isabelle Souchon2. 

1Lesaffre Int. (Thiverval-Grignon, FR); 2UMR GMPA, AgroParisTech, INRA, Univ. Paris-Saclay (FR) 

10.00-10.15 

OP3 

Taste interactions in model gels: The effect of modifying the distribution of 
sucralose and quinine on bitterness suppression 

Scott Hutchings, Michael O'Sullivan, Jean-Christophe Jacquier, 
Dolores O'Riordan. 

University College Dublin (Belfield, Dublin, IE). 

10.15-10.20 

FP1 

Dynamics of Food Flavour Release from Gel System 

Siti Fairuz Che Othman, Brent  Murray, Rammile  Ettelaie. 

University of Leeds (Leeds, UK) 

10.20-10.25 

FP2 

Integrating rheology, sensory & oral processing insights to generate texture 
maps that predict sensory properties of thickening starches in food 

Judith Whaley, Leslie Howarth, Rachel Wicklund, Yuqing (Shelly) Zhuo. 

Tate & Lyle (Hoffman Estates, IL, USA). 

10.25-11.00 Coffee Break & Poster Session 

11.00-11.15 

OP4 

Impact of fat on sensory perception and tribology of coffee & cream beverages 

Igor Bodnar1, Katya Gutierrez2, Jean-Luc Gelin1, Philipp Erni1. 

1Firmenich (Meyrin 2, Geneva, CH); 2EPFL (Lausanne, CH) 
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11.15-11.30 

OP5 

Fat and particulate fat replacers (protein or starch based) follow different 
lubrication mechanisms 

Fred van de Velde1,2, Kun Liu2,3, Markus Stieger2,3, Erik van der Linden2,3. 

1NIZO food research (Ede, NL); 2TI Food & Nutrition (NL); 3Wageningen University (NL). 

11.30-11.45 

OP6 

Underlying mechanisms for sensory perception of double emulsions 

Anika Oppermann1,2, Elke Scholten1, Markus Stieger2. 

1Physics and Physical Chemistry of Foods, Wageningen University (Wageningen, NL); 
2Division of Human Nutrition, Wageningen University (NL). 

11.45-12.00 

OP7 

Oral perception of oil-in-water emulsions undergoing coalescence 

Jan Engmann, Benjamin Le Révérend. 

Nestlé Research Center (Lausanne, CH). 

12.00-12.05 

FP3 

Manipulating oral behavior of food emulsions based on the degradation of starch 
emulsifier by salivary α-amylase 

Jianshe Chen, Xia Hu. 

1Zhejiang Gongshang University (Hangzhou, CN) 

12.05-12.10 

FP4 

Impact of capsaicin-stimulated trigeminal sensation on orthonasal and retronasal 
aroma release 

Ni Yang1, Ian Fisk1, Jianshe Chen2. 

1University of Nottingham (Loughborough, UK); 2Zhejiang Gongshang University (CN). 

12.10-12.15 

FP5 

Insight in trade-offs when masking stevia off-flavours with oligofructose 

Matthew de Roode, Marjan Nouwens-Roest. 

Sensus b.v. (Roosendaal, NL). 

12.15-12.20 

FP6 

Sodium reduction in fresh cheese – using salt replacers and structural 
modifications 

Ofir Benjamin, Ifat Karmi, Inbar Bar Or, Alon Borenstein. 

Tel Hai college (Metula, IL). 

12.20-12.25 

FP7 

Flavour perception enhancement by tastants localization in frozen application 

Sarah Martins1, Varun Edara1, Veronica Galindo-Cuspinera1, Anne-Marie 
Williamson2. 

1Unilever R&D Vlaardingen (NL); 2Unilever R&D Colworth (UK). 

12.25-12.30 

FP8 

Subjective discrimination of viscosity of thickened liquids 

Ben Hanson, Christina Smith. 

University College London (London, GB). 

12.30-14.00 Lunch & Poster Session 

Session 2: Physiology of Chewing and Swallowing 

14.00-14.30 

PL 

 

Evolutionary background to human physiology of chewing and swallowing 

Robert S. Corruccini 

Southern Illinois University-Carbondale (USA) 
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14.30-14.45 

OP1 

In vitro biomechanical modelling of post swallowing pharyngeal coating: 
influence of food bolus rheological properties and physiological features 

Vincent Mathieu1, Clément De Loubens1, Chloé Thomas1, Albert Magnin2-3, 
Isabelle Souchon1. 

1UMR GMPA, AgroParisTech, INRA, Université Paris-Saclay, Thiverval-Grignon, France (Thiverval-
Grignon, FR); 2Université Grenoble Alpes, LRP, Grenoble (FR); 3CNRS, LRP, Grenoble (FR). 

14.45-15.00 

OP2 

In vitro experiments on the oral phase of swallowing of Newtonian and shear 
thinning liquids. 

Marco Ramaioli1, Saviz Mowlavi2, Rob Lloyd1, Adam Burbidge2, Benjamin Le 
Reverend2, Jan Engmann2. 

1University of Surrey, (Guildford, UK); 2Nestlé Research Center (CH). 

15.00-15.15 

OP3 

Does swallowing resemble a phase transition? 

Leen Sturtewagen1, Harald van Mil2, Marine Devezeaux de Lavergne1,3, 
Markus Stieger1,3, Erik  van der Linden1,3. 

1Wageningen University (Wageningen, NL); 2Leiden University (NL); 3TI Food and Nutrition (NL). 

15.15-15.30 

OP4 

Swallow timing associates with timing of perceived intensity 

Cordelia Running1,2,3, John E Hayes1,2. 

1Sensory Evaluation Center (West Lafayette, USA); 2Department of Food Science, The Pennsylvania 
State University (USA); 3Department of Nutrition Science, Purdue University (USA). 

15.30-15.35 

FP1 

Relating tribology to in-mouth texture perception in protein- and starch-added 
yogurts 

Pere Morell1,3, Jianshe Chen2, Susana Fiszman3.  

1Universitat Politècnica de Valencia, C/Camí de Vera s/n, 46020, Valencia (Spain) (Valencia, ESP); 
2Zhejiang Gongshang University, 18 Xuezheng Street, 310018, Hangzhou (CN); 3Instituto de 
Agroquímica y Tecnología de Alimentos, C/Agustín Escardino 7, 46980, Valencia (ESP). 

15.35-15.40 

FP2 

Somatosensory contributions to food oral processing 

Yalda Moayedi1, Lucia Duenas-Bianchi1, Stéphanie Michlig2, Johannes le 
Coutre2, Benjamin  Le Révérend2, Ellen Lumpkin1. 

1Columbia University (New York, USA); 2Nestlé Research Center (CH). 

15.40-15.45 

FP3 

Understanding masticatory function. 

Maria Grazia Piancino. 

University of Turin (Torino, ITA). 

15.45-16.30 Poster Session & Coffee Break 

Session 3: Interaction of food and oral anatomy 

16.30-17.00 

PL 

Physiology of human orofacial mechanoreceptors 

Mats Trulsson 

Karolinska Institutet (SWE) 

17.00-17.15 

OP1 

Interactions between aroma compounds and the oral mucosa could be 
responsible for aroma persistence 

Sarah Ployon, Claire Pradels, Christine Belloir, Martine Morzel, Francis Canon. 

INRA UMR CSGA (Dijon, FR). 
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17.15-17.30 

OP2 

Interactions among oral mucosa, aroma compounds and non-volatile wine 
constituents affect intra-oral aroma release & might contribute to wine after-odor 

Adelaida Esteban-Fernández, Nuria Rocha-Alcubilla, Maria Pérez-Jimenez, 
Carolina Muñoz-González, M. Victoria Moreno-Arribas, Maria Angeles Pozo-
Bayón 

CIAL (CSIC-UAM) (Madrid, ESP) 

17.30-17.45 

OP3 

A biochemical mechanism by which ions affect mouthfeel 

Guy Carpenter1, Amrita Vijay1, Taichi  Inui2, Dodds Michael2. 

1Kings College London Dental Institute (London, UK); 2Wrigley (UK). 

17.45-18.00 

OP4 

How to be cool! Characterization of the cool-melting effect of commercial butters 
and margarines 

Veronica Galindo Cuspinera, Joana Valenca de Sousa, Marcia Knoop. 

Unilever R&D Vlaardingen (Vlaardingen, NL). 

18.00-18.15 

OP5 

Oral processing and matrix composition affect aroma release and particle size 
distribution after consumption of coffee-creamer emulsions. 

Charfedinne  Ayed1, Aurélie Prot1, Philippe Pollien2, Etienne Semon1, 
Chrystel Loret2, Gilles Feron1. 

1CSGA, CNRS, INRA, Université de Bourgogne-Franche-Comté, Dijon (FR); 2Centre de Recherche 
Nestlé (Lausanne CH). 

18.15-18.20 

FP1 

Mucosal film structure and tribology, and forming mimetics using proteins and 
plant polysaccharides 

Gleb Yakubov, Clementine Pradal, Jason R Stokes. 

The University of Queensland (St Lucia, AUS). 

18.20-18.25 

FP2 

The effect of thermal denaturation on the mucoadhesive and sensory properties 
of whey protein 

Stephanie P. Bull1, Vitaliy V. Khutoryanskiy2, Jane K. Parker1, Lisa Methven1. 

1Department of Food & Nutrition Biosciences, University of Reading (Reading, UK); 
2Department of Pharmacy, School of Chemistry, University of Reading (Reading, UK) 

18.25-18.30 

FP3 

The role of salivary amylase and targeted starch selection in the sensory 
perception of foods  

John Smythe, James Carr, Judith Whaley. 

Tate & Lyle (Hoffman Estates, IL, USA). 
 

18.30-18.35 

FP4 

Modeling sensory adhesiveness of caramels using surface energy and rheology 

Ty Wagoner1, Greg Essick2, MaryAnne Drake1, Chris Daubert1, 
Allen Foegeding1. 

1North Carolina State University (Raleigh, USA); 2Univ. of North Carolina School of Dentistry (USA). 

18.35-19.30 Poster Session 

19.30-22.00 Swiss themed dinner at the SwissTech Convention Center 
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Tuesday 5 July 

Session 4: Food oral processing: first step of digestion 

09.00-09.30 

PL 

Food oral processing: first step of digestion 

Marie-Agnès Peyron 

INRA (Clermont-Ferrand, FRA) 

09.30-09.45 

OP1 

Influence of oral processing on bread digestion 

Isabelle Souchon1, Daniela Freitas1, Vincent Mathieu1, Solenne Jourdren2, 
Maud Panouillé2, Steven Le Feunteun1.  

1INRA (Thiverval Grignon, FR); 2AgroParisTech (FR).  

09.45-10.00 

OP2 

Impact of rye product structure on oral processing and satiety  

Saara Pentikäinen1, Nesli Sozer1, Johanna  Närväinen1, Kirsi  Sipilä2, 
Kaisa Poutanen1, Marjukka  Kolehmainen1,3.  

1VTT Technical Research Centre of Finland (Espoo, FI); 2Institute of 
Dentistry, University of Eastern Finland; 3Department of Clinical Nutrition, 
Institute of Public Health and Clinical Nutrition, UEF.  

10.00-10.05 

FP1 

Chewing breads: impact on alpha-amylase secretion and oral digestion  

Marianne Joubert1, Chantal  Septier1, Christian  Salles1, Maud Panouillé2, 
Gilles Feron1, Carole Tournier1.  

1CNRS, UMR6265 CSGA; INRA, UMR1324 CSGA; Univ. Bourgogne Franche-Comté; (Dijon, 
FR); 2UMR GMPA, AgroParisTech, INRA, Université Paris-Saclay, Thiverval-Grignon (FR).  

10.05-10.10 

FP2 

The relationship between salivary vitamin-binding proteins and systemic 
vitamin status 

Matthew Blakeley1, Blanaid  Daly1, David Bradshaw2, Jonathan Pratten2, 
Agata  Sobczyńska-Malefora3, Guy Carpenter1.  

1King's College London (London, UK); 2GlaxoSmithKline (UK); 3Viapath (UK).  

10.10-10.15 

FP3 

Effect of hydration properties on starch digestibility of rice cake 
(Baekseolgi) with different particle sizes  

Hyo-Rim Seo, Weon-Sun Shin. 

 Food Chemistry lab, Dept of Food and Nutrition, Hanyang university (Seoul, KR).  

10.15-11.00 Coffee Break & Poster Session 

11.00-11.15 

OP3 

Impact of Food Texture and Energy Density on the Microstructure of Eating 
and Energy Intake 

Ciaran Forde1,2, Charlotte  Lim Mei Hui2, Claudia Leong 1, Edwin  Chia-
Ming 1, Keri  McCrickerd 1.  

1Clinical Nutrition Research Centre Yong Loo Lin School of Medicine, Nat. Univ. of Singapore  
2Department of Physiology, Yong Loo Lin School of Medicine, Nat. Univ. of Singapore 

11.15-11.30 

OP4 

Effects of orosensory exposure manipulations on satiation 

Sophie Miquel-Kergoat1, Marlou Lasschuijt2, Monica Mars2, 
Markus Stieger2, Cees de Graaf2, Paul Smeets2.  

1Wrigley (Mars Inc.) (Chicago, US); 2Division of Human Nutrition, Wageningen University (NL).  
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11.30-11.45 

OP5 

The influence of yogurt oral processing on satiating expectations. 
Effect of yogurt consistency and three kinds of pineapple particles. 

Susana Fiszman, Johanna Marcano, Amparo Tarrega. 

Institute of Agrochemistry and Food Science (IATA-CSIC) (Paterna, ES).  

11.45-11.50 

FP4 

Textural complexity in solid foods enhances satiation  

Jingyuan Tang1, Danaé S. Larsen1, Lynnette R. Ferguson2,Bryony James1 

1Department of Chemical and Materials Engineering, University of Auckland (Auckland, NZ); 
2School of Medical and Health Science, University of Auckland (NZ) 

11.50-11.55 

FP5 

Enhancement of oral bioavailability of apigenin-loaded w/o/w emulsions: in 
vitro and in vivo evaluations 

Bum-Keun Kim, Ah-Ra Cho, Dong-June Park.  

Korea Food Research Institute (Seongnam-si, KR).  

11.55-13.30 Lunch & Poster Session 

Session 5: Food oral processing & food design for specific consumer groups 

13.30-14.00 

PL 

Food design for infants, children and the elderly: Oral processing, 
swallowing and the symphony of taste, texture, colour, shape & sensation 

Julie Cichero 

University of Queensland (AUS) 

14.00-14.15 

OP1 

Cultural differences in oral processing and texture preferences 

Marco P. Morgenstern1, Esther H-J Kim1, Arran J Wilson1, Cath Wade1, 
Gangying Zheng2, Jianshe  Chen2.  

1NZ Institute for Plant & Food Research, Christchurch, New Zealand (Christchurch, NZ); 
2School of Food Science and Biotechnology, Zhejiang Gongshang University, Hangzhou (CN).  

14.15-14.30 

OP2 

Development of mastication abilities of infants and toddlers: impact of age 
and food texture 

Chrystel  Loret1, Benjamin Le Réverend1, Mireille Moser1, Marc  Alder2, 
Megan Simione3, Jordan R. Green3.  

1Nestec Ltd. (Lausanne, CH); 2Nestlé Nutrition (CH); 3Massachussetts General Hospital (USA) 

14.30-14.45 

OP3 

Eating Micro-Structure Predicts Increased Ad-libitum Energy Intake in 
Singaporean Children; Results from the GUSTO Cohort 

Anna Fogel1, Ai Ting Goh1, Cindy Chan1, Mary Foong Fong Chong1, 
Lisa Edelson2, Ciaran Forde1.  

1A*STAR Clinical Nutrition Research Centre (Singapore, SG); 
2Nestle Research Center, Lausanne (CH).  
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14.45-15.00 

OP4 

Influencing baby’s mastication with food product design 

Sarah Smith-Simpson 1, Michele Foley1. 

Nestle Nutrition (Fremont ,USA). 

15.00-15.05 

FP1 

Change in Craniofacial Reshaping: the impact of bite forces during the 
masticatory function at the age of 3. 

Marie DESHAYES.  

TELECRANE INNOVATION (MERVILLE FRANCEVILLE, FR).  

15.05-15.10 

FP2 

Development of the deciduous dentition: Is a beauty smile in fact normal, or 
has the dysfunctional now become the "new normal"? 

Mariangela Schalka, Maria Isaura Buelau, Peter Buelau, Patricia  Roulet.  

ABPRNO (cotia, BRA).  

15.10-15.45 Poster Session & Coffee Break 

15.45-16.00 

OP5 

Towards texture design for optimized oral processing: Measuring eating 
capability and difficulty perception of elderly subjects 

Laura Laguna1, Marion Hetherington1, Jianshe  Chen3, Gracia Artigas4, 
*Anwesha Sarkar1.  

1School of Food Science and Nutrition, University of Leeds, (Leeds, UK); 2School of 
Psychology, University of Leeds.; 3School of Food Science and Bioengineering, Zhejiang 
Gongshang University, Hangzhou, Zhejiang (CN).  

16.00-16.15 

OP6 

Food structuring for functionality – safe eating, enhanced sensory 
perception, digestion and bio-accessibility 

Aarti Tobin1, Simone  Osbourne2, Ingrid Appelqvist3. 

1CSIRO Food and Nutrition, 39 Kessels Rd, Coopers Plains, QLD 4108 (Brisbane, AUS); 
2CSIRO Agriculture, Biosciences Precinct, 306 Carmody Rd, St Lucia, QLD 4067 (AUS); 
3CSIRO Food and Nutrition (AUS) 

16.15-16.30 

OP7 

How does prosthodontic restoration influence oral processing parameters? 

Nikolaos N. Giannakopoulos, Lydia Eberhard, Stefanie Kappel, Hans 
Jürgen Schindler.  

University clinic of Heidelberg, Dept. of Prosthodontics (Heidelberg, GER) 

16.30-16.35 

FP3 

Improving food oral process in denture wearers by stabilization of the 
mandibular denture with implants 

Cindy Batisse1,2, Guillaume Bonnet1,2, Marion Bessadet1,2, Jean-
Luc Veyrune1,2, Martine Hennequin1,2, Emmanuel Nicolas1,2.  

1University of Auvergne, CROC EA4847 EA4847 (Clermont-Ferrand, FRA); 2CHU of Clermont-
Ferrand (FRA).  

16.35-16.40 

FP4 

Food bolus properties are impacted by main functional oral deficiencies 
frequently observed in elderly 

Maéva Bouyer1, Véronique Sante-Lhoutellier2, Martine Hennequin3, 
Marine Michel1, Marie-Agnès Peyron2. 

1Terrena Innovation (ANCENIS, FR); 2INRA (FR); 3University of Auvergne (FR) 
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16.40-16.45 

FP5 

Food comfortability: a new concept to assess the acceptance of various 
food textures by elderly people suffering from oral health problems 

Mathilde Descamps1,2,3, Claire Sulmont-Rossé1,2,3, Chantal Septier1,2,3, 
Gilles Feron1,2,3, Hélène Labouré1,2,3,4.  

1CNRS, UMR6265 Centre des Sciences du Goût et de l'Alimentation (Dijon, FR); 2INRA, 
UMR1324 Centre des Sciences du Goût et de l'Alimentation, Dijon; 3Univ. Bourgogne 
Franche-Comté, UMR Centre des Sciences du Goût et de l'Alimentation, Dijon. 

16.45-16.50 

FP6 

Eating pleasure in Nursing Homes: a french multi-disciplinary preventive 
healthcare 

Xavier Cormary1, Yann Tannou1, Emmanuelle Cugy2-3, Michel Bras4, 
Martine Culis5, Vincent Blasco-Baque6-7-8.  

1 Association pluridisciplinaire de prévention de la dysphagie (APPD); 2 Service de Médecine 
Physique et de Réadaptation, CHU Bordeaux; 3 Service de Médecine Physique et de 
Réadaptation, CH Arcachon ; 4 Le Suquet, Laguiole ; 5 SODEXO  medico-social; 6 INSERM 
U1048, Toulouse. Institut des Maladies Métaboliques et Cardiovasculaires (I2MC); 7 
Université Paul Sabatier (UPS), Toulouse; 8 Faculté de Chirurgie-Dentaire de Toulouse (FR) 

18.00-22.00 

Visit & Gala Dinner at The Olympic Museum 

Lausanne-Ouchy 

 

  



4th International Conference on Food Oral Processing, Lausanne (Switzerland) 2016 

Wednesday 6 July 

Session 6: Analytical techniques to measure food oral processing 

08.30-09.00 
PL 

Experimental and numerical approaches in taste and texture perception; 
tools for sensory driven food prototyping 

Benjamin Le Révérend 

Nestlé Research Center (CH) 

09.00-09.15 

OP1 

 Electromyography as a Research Tool in Food Science 

Christopher Vinyard.  

NEOMED (Rootstown, USA). 

09.15-09.30 

OP2 

Oral processing of chocolate 

He Qi1,2, Kelly Fourtouni2, Bettina Wolf1.  

1The University of Nottingham (Loughborough, UK); 2Mondelēz R&D (UK).  

09.30-09.45 
OP3 

Analysis of oral breakdown of food gels using image analysis 

Carole Tournier1, Marine Devezeaux de Lavergne 2, Fred van de Velde 
3, Markus Stieger2, Christian  Salles1, Dominique  Bertrand4. 

1CNRS, UMR6265 CSGA; INRA, UMR1324 CSGA; Univ. Bourgogne Franche-Comté; 
Dijon (FR); 2TI Food and Nutrition; Wageningen University, Wageningen (NL); 3NIZO food 
research BV, Ede (NL). 

09.45-09.50 
FP1 

Influence of individual eating behaviour and oral physiology on oral 
processing of bread 

Jing Gao, Ruoxin Chan, Weibiao Zhou.  

Food Science and Technology Programme, c/o Department of Chemistry, National 
University of Singapore (Singapore, SG).  

09.50-09.55 

FP2 

Development of a method to track tongue movement during oral 
processing of fluids and semisolids 

Caroline L. Campbell, Paige Luck, E. Allen Foegeding.  

North Carolina State University (Raleigh, USA).  

09.55-10.00 

FP3 

Tongue pressure and hyoid movement by tongue squeezing 

Kazuhiro Hori1, Kazuhiro Murakami2, Shigehiro Fujiwara1, 
Takahiro Funami3, Makoto Inoue1, Takahiro Ono.  

1Niigata University (Niigata, JP); 2Osaka University (JP; 3San-Ei Gen F.F.I., Inc. (JP)  

10.00-10.05 
FP4 

Evaluating the Slip Extrusion Test Using Three Model Food Systems 

Grace Ng1, Eli Gray-Stuart1, Marco Morgenstern2, John E Bronlund1, 
Jim R Jones1.  

1School of Engineering and Advanced Technology, Massey University, New Zealand 
(Palmerston North , NZ); 2The New Zealand Institute for Plant and Food Research Ltd., 
New Zealand (NZ)  

10.05-10.10 
FP5 

Developed DART-MS and Artificial Mouth(AM) to study the role of 
volatile aroma components in Chinese liquor (Baijiu) taste 

Ming Liu1, Zijing Xu3, Qiding Zhong1,2, Zhancheng Xu3, 
Zhenghe Xiong1,2, Yi Zhang3.  

1China National Research Institute of Food & Fermentation Industries (Beijing, CN); 
2National Standardization Centre of Food & Fermentation Industry, Beijing 100015 (CN) 
3Sichuan Jiannanchun Group Co. Ltd, Mianzhu 618200, Sichuan (CN). 
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10.10-10.45 Poster Session & Coffee Break 

10.45-11.00 
OP4 

Development of 3D swallowing simulator Swallow Vision® to visualize 
the changes of the physical values and the pathline of the food bolus 
flow during swallowing 

Keigo Hanyu1, Tetsu Kamiya1, Yoshio Toyama1, Megumi Takai1, 
Takhiro Kikuchi2, Yukihiro Michiwaki2.  

1Meiji Co., Ltd. (odawara, JP); 2Japanese Red Cross Musashino Hospital (JP) 

11.00-11.15 
OP5 

Characterising the effect of agglomeration and hydration of model foods 
in the oral process 

Torsten Witt, Jason Stokes.  

University of Queensland (St Lucia, AUS).  

11.15-11.30 
OP6 

Biomimetic approach to study in-mouth Texture Perception 

Javier Pastenes1, Alexis Prevost1, Elie Wandersman1, 
Christopher Pipe2, Benjamin Le Révérend2.  

1Université Pierre et Marie Curie (Paris, FR); 2Nestlé Research Center (CH).  

11.30-11.45 
OP7 

Dynamic Spectral Analysis of the Stick-Slip Effects in “Oral” Tribology 
Measurements 

Solange Sanahuja1, Rutuja Upadhyay2, Heiko Briesen1, Jianshe Chen2. 

 1School of Life Sciences Process Systems Engineering, Techn. Univ. München (Freising, 
GER); 2School of Food Sci. & Bioeng., Food Oral Processing Laboratory, Zhejiang 
Gongshang University (CN) 

11.45-11.50 
FP6 

Tribological analysis of liquid and semisolid dairy products 

Sangeeta Prakash, Phuong T. M.  Nguyen, Bhesh Bhandari.  

The University of Queensland (Brisbane, AUS).  

11.50-11.55 
FP7 

The use of a filament stretch and break-up device to evaluate the 
rheological behavior of thickened fluids used in the management of 
dysphagia 

Enrico Hadde1, Timothy Nicholson1, Julie Cichero2.  

1School of Chemical Engineering, The University of Queensland (Brisbane, AUS); 2School 
of Pharmacy, The University of Queensland (AUS) 

11.55-12.00 

FP8 

Extensional Viscosity of Liquid Foods and Swallowing Flow 

Junfang Zhu, Hiroshi  Mizunuma.  

Tokyo Metropolitan University, Department of Mechanical Engineering (Tokyo  JP). 

12.00-12.05 

FP9 

Relationships between mechanical properties and electromyography 
variables during natural oral processing of gellan gels 

Kaoru Kohyama1, Zhihong Gao1, Takashi Watanabe1, 
Sayaka Ishihara2, Satomi Nakao2, Takahiro Funami2. 

1NARO (Tsukuba, JAP); 2San-Ei Gen F.F.I., Inc. (JAP). 
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12.05-12.10 

FP10 

Spectroscopic and tribological studies of the interactions between β-
lactoglobulin and mucins 

Hilal Y. Çelebioğlu1, Maria Guðjónsdóttir2, Ioannis S. Chronakis1, 
Seunghwan Lee3.  

1National Food Institute, Technical University of Denmark (LYNGBY, DK); 2Faculty of Food 
Science and Nutrition, University of Iceland (ICE); 3Department of Mechanical Engineering, 
Technical University of Denmark (DK).  

12.10-12.15 

FP11 

 Mechanical and Sensory Properties of Baked and Extruded 
Confectionery products 

Saba Butt1, Maria Charalambides1, Hugh Powell2, James Osbourne2 

1Mechanical Engineering Department, Imperial College London (UK); 2Wafer and extrusion 
department, Nestle PTC York (UK) 

12.15-13.30 Lunch & Poster Session 

Closing Plenary Lectures: Perspectives on Food Oral Processing 

13.30-14.15 

PL1 

The Raw and The Cooked - The Hidden Side of Food Structures 

Heribert Watzke 

Consultant, formerly Nestlé Research (CH) 

14.15-15.00 

PL2 

The case for enhancing food texture for oral and general health 

Peter W. Lucas 

Smithsonian Tropical Research Institute (PAN) 

15.00-15.30 Conference Closure 
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Session 1: Food structure, breakdown and sensory perception (FSB) 

PL Food oral processing through the life span: interplay 

between food structure, sensory perception and pleasure 

Markus Stieger1.  

1Wageningen University (Wageningen, NL).  

Food oral processing as the bridge between the transformation of food structure during 

consumption, sensory perception and food acceptability has gained enormous interest in the last 

decades. Food oral processing is key to understand sensory perception as food properties are 

constantly transformed during consumption from first bite to swallow. Food structure is broken 

down by oral processing and consequently contributes to perception of texture, taste and flavour 

which are key determinants contributing to food acceptability and liking. The transformations 

occurring during oral processing depend not only on the physical-chemical and structural 

properties of the foods, but also on the oral physiology of the consumer and the mastication 

behaviour applied during consumption. Through the life span, from childhood to adulthood to 

seniority, both oral physiology and oral processing behaviour change. To design foods which 

are targeted to specific consumer groups differing in age, food structures and its breakdown 

properties should be matched with preferred oral processing behaviour to optimize pleasure 

upon consumption. 

An overview of the interplay between structure, oral processing behaviour, sensory and hedonic 

perception of foods is provided for consumer groups varying in age. Model foods with well-

defined physical-chemical and structural properties as well as a variety of commercially 

available foods were used to systematically investigate these relationships. Dynamic bolus 

properties of a variety of foods are discussed in relation to initial food structure, oral processing 

behaviour and sensory perception of consumer groups differing in age. It is demonstrated that 

oral processing behaviour during drinking and chewing depend on age and can be influenced 

by modifications of the food structure. Oral processing behaviour is adaptive and consequently 

changes with the changing properties of the bolus in mouth. It is discussed how processing 

behaviour such as chewing time varies between consumer groups which can determine bolus 

properties and can explain differences in dynamic texture perception between consumer 

groups.  
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Session 1: Food structure, breakdown and sensory perception (FSB) 

OP1  A comprehensive framework for food texture based 

on food structure formation, state of matter, and oral 

processing operations  

Allen Foegeding1, Christopher Vinyard2.  

1North Carolina State University (Raleigh, US); 2Northeast Ohio Medical University.  

A general tenet in understanding sensory properties of food is that the processes involved in 

transforming the food structure into a bolus are associated with texture perception.  The concept 

of food structural transitions was included as one of three main elements in the “mouthfeel 

process model” proposed by Hutchings and Lillford (1988). An initial level of structural 

classification is based on how the molecules are assembled into structures.  They can be 

biological processes (apple), manufacturing processes (caramel), or a combination of both 

(salami).  The food structure formation process can be assigned to one of these three 

categories.  Sub-classifications within the categories are based on mesostructures, such as cells, 

emulsion particles, or gel networks. 

Sherman (1969) classified foods based on states of matter as fluid, semisolid, and 

solid.  Examples of foods and textural attributes were given for each state.  Combining 

structural origins and states of matter, you can have solid cookies (manufacturing) and solid 

carrots (biological). Solids can be sub-divided into hard solids, which generate a sound when 

fractured, and soft solids. A common feature of solids is that they fracture into particles. These 

states can be defined by some combination of rheological, fracture, and adhesive properties.  

Oral processing operations of foods include the basic tasks of transformation/reduction and 

transport.  The former can be minimal, as with thin fluids, or more complex as seen with tough 

food like well-done meats. There is also the possibility of exploring movements based on 

enjoyment. The properties of the food may push movements from palating to chewing, but the 

basic process of food transformation/reduction is conserved.  

Caramels are an example of a food where all elements are needed to understand textural 

properties.  It is a thick liquid produced by manufacturing but, like solids, requires extensive 

transformation/reduction due to high levels of adhesiveness.  It is hypothesized that this 

systematic approach allows for classification of all foods and a reductive approach to explaining 

food texture. 

  

Hutchings, J.B, Lillford, P.J. 1988. J. Text. Stud, 19:103-115. 

Sherman, P. 1969. J. Food Sci, 34:458-462. 
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Session 1: Food structure, breakdown and sensory perception (FSB) 

OP2  Oral processing of bread: a key process explaining the 

dynamics of aroma and texture perceptions 

Solenne Jourdren1-2, Anne Saint-Eve2, Maud Panouillé2, Isabelle Déléris2, Pascal Lejeune1, 

Isabelle Souchon2.  

1Lesaffre International (Thiverval-Grignon, FR); 2UMR GMPA, AgroParisTech, INRA, 

Université Paris-Saclay.  

Aroma and texture perceptions are known to be key factors for product acceptability and 

preferences by consumers, especially in the case of bread. But links between aroma composition 

and perception in breads, or between their structure and texture perception, are very complex 

to highlight, due to oral processing. Indeed, all these perceptions vary continuously over 

consumption time, notably because of the progressive release of the different stimuli during 

bread breakdown in the mouth. 

The aim of this study was to identify the respective contributions of bread (structure and 

composition) and bolus properties on temporal changes in aroma and texture perceptions. For 

this purpose, the evolution of perceptions of French baguettes with different structures was 

assessed through Progressive Profiling sensory method. The intensities of nine texture attributes 

and seven aroma attributes were evaluated at three stages of oral processing (10%, 40% and 

100% of swallowing time), for samples of crumb with and without crust. In addition, 

expectorated boli were collected at these three stages of the mastication. Physical boli properties 

(instrumental texture, hydration and structure) and the quantity of volatile compounds released 

(measured by PTR-MS) were measured for each sample at the same stages. 

Results showed that crumb structures as well as the presence of crust impacted breakdown 

pathways during oral processing. For example, the variations over time of the heterogeneity of 

particle size and the hydration mechanisms were affected by the presence of crust and the crumb 

structure, respectively. The release of volatile compounds measured in in vitro conditions 

varied in function of the hydration speed of bread. Sensory data were successfully related to 

bread and bolus properties with a MultiBlocks Partial Least Squares regression. This approach 

permitted notably to highlight that, the variations during oral processing of "soft", "dry", 

"doughy" and "sticky" attributes were more influenced by the modifications of bolus properties 

than by the initial bread characteristics. Beyond texture, temporal aroma perceptions associated 

with aroma releases and bolus properties, led to identify key compounds with specific releases. 

The originality of this work is to take into account the entire oral processing to explain both 

aroma and texture perceptions. 
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Session 1: Food structure, breakdown and sensory perception (FSB) 

OP3 Taste interactions in model gels: the effect of modifying 

the distribution of sucralose and quinine on bitterness 

suppression  

Scott Hutchings1, Michael O'Sullivan1, Jean-Christophe Jacquier1, Dolores O'Riordan1.  

1University College Dublin (Belfield, Dublin, IE).  

Food manufacturers are seeking new methods to suppress bitterness in functional foods, 

particularly for the incorporation of bitter tasting bioactive compounds within solid food 

structures.  This study investigated the effect of simultaneously manipulating the spatial 

distribution of sweet and bitter tastants within gelatine-agar gels on bitterness suppression, 

using sucralose and quinine hydrochloride.  Sixty screened subjects participated in a series of 

paired comparison tests comparing three different gel designs containing both sucralose and 

quinine, against a homogeneous control gel of identical overall sucralose (0.3mM) and quinine 

content (0.3mM).  Sixty screened subjects also participated in paired comparison tests assessing 

the influence of an inhomogeneous distribution of sucralose within the gels on bitterness and 

sweetness intensity.  Twenty screened and trained subjects also determined the bitterness 

reduction achieved by adding 0.3mM sucralose to the gelatine-agar gels containing 0.3mM 

quinine (homogeneous systems), using a 150mm continuous line scale.  Separating bitter 

tastants and sweet tastants into different portions of the gel had no influence on bitterness 

suppression.  Inhomogeneously distributing the sweet tastant in the gel, while maintaining a 

homogeneous distribution of the bitter tastant, had no influence on bitterness 

suppression.  Inhomogeneously distributing the sweet and bitter tastants into the same parts of 

the gel reduced the effectiveness of bitterness suppression.  An inhomogeneous distribution of 

sucralose increased sweetness perception and the addition of sucralose (0.3mM) was found to 

substantially reduce bitterness in the homogeneous control (by 40.4%).  Results suggest that 

food manufacturers should distribute bitter bioactive compounds homogeneously to minimise 

bitter intensity, but that the distribution of a sweet masking tastant may be equally effective in 

suppressing bitterness if it is distributed homogeneously or inhomogeneously.  
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Session 1: Food structure, breakdown and sensory perception (FSB) 

FP1 Dynamics of Food Flavour Release from Gel System 

Siti Fairuz Che Othman1, Brent  Murray2, Rammile  Ettelaie3, Luara Laguna  Cruanes4.  

1University of Leeds (Leeds, GB); 2University of Leeds; 3University of Leeds.  

An in-vitro model system of flavour release from gels in the mouth was developed. The 

experimental setup enabled modelling of unidirectional solute mass transfer from a cylinder of 

gel into the surrounding buffer (at pH 7).  Gels formed from k-carrageenan, alginate and gelatin 

were compared, due to their wide application in the food industry. Sodium chloride was chosen 

as the initial flavour carrier due to the simplicity of recording its release via conductivity 

measurements. Glucose release was also studied.  In the attempting to mimic oral processing 

conditions, release from gels was studied under a number of conditions: room temperature (ca. 

25 ºC ) and body temperature (37 ºC), compressed and non-compressed gels.  Results showed 

that release of salt was significantly influenced by increasing concentrations of polymer and 

therefore rigidity of the gels, but the effect of biopolymer type was even more significant: 

alginate exhibited the slowest release rate as compared to the other gels, irrespective of gel 

rigidity.  Release rates of salt or sugar were higher at the higher temperature, but particularly 

for the gelatin gels, which melted at 37 ºC. Interestingly, compression of the gels did not 

significantly increase the rate of release of salt or sugar, so that the differences between the 

types of gel may be more connected with specific interactions between the gel matrix and the 

flavour than the ease of diffusion of the flavour through different gel network structures. 

  

Keyword: Flavour release, salt, sugar, gels 
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Session 1: Food structure, breakdown and sensory perception (FSB) 

FP2 Integrating rheology, sensory, & oral processing 

insights to generate texture maps that predict sensory 

properties of thickening starches in food 

Judith Whaley1, Leslie Howarth1, Rachel Wicklund1, Yuqing (Shelly) Zhuo1.  

1Tate & Lyle (Hoffman Estates, IL, US).  

In this work, we outline how the rheology data on starch dispersions can be related to key visual, 

tactile, and oral sensory attributes, including perception of thickness, coating, and clearing in 

the mouth.  Shape retention, elasticity, and adhesion are also treated. We also outline 

approaches to generating texture maps on such starches that aid in the selection of starches to 

deliver specific textural effects while preserving desirable processing performance.  To 

generate useful maps, we apply key assumptions derived from the literature on oral processing 

in the analysis of the data, including the assumption that foods vary in (a) exposure to shear, 

(b) amount of dilution, and (c) that the intensity of oral processing varies with the overall 

thickness of the food in the mouth. By integrating rheology, sensory, and oral processing 

insights in our analysis approach we generate texture maps that enable food formulators to more 

effectively select starches for thickening applications such as sauces, gravies, dressings, and 

fillings. 
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Session 1: Food structure, breakdown and sensory perception (FSB) 

OP4 Impact of fat on sensory perception and tribology of 

coffee & cream beverages 

Igor Bodnar1, Katya Gutierrez2, Jean-Luc Gelin1, Philipp Erni1.  

1Firmenich (Meyrin 2, Geneva, CH); 2EPFL.  

Soluble coffee solutions in combination with dairy and non-dairy creamers were analyzed using 

rheology, tribology and sensory methods. The combined coffee & creamer mixtures were 

formulated to be considered iso-viscous with viscosity values around 1mPa·s. Tribological 

measurements were sensitive enough to detect changes in fat content of 0.20 wt% and changes 

in protein content of 0.30 wt%.  Changes in friction coefficient were predominantly affected by 

fat content, but also by coffee, protein and sugar levels.  Sensory perception of coffee & creamer 

systems was found to vary with fat content. Panelists were able to detect differences in aromatic, 

taste and mouthfeel attributes. The presence of fat changed the lubrication behavior both 

qualitatively and quantitatively. Systems with high fat content showed lower friction 

coefficients in the boundary lubrication regime and different scaling within the mixed 

lubrication regime. The type of fat also had an effect both on tribology and sensory 

perception.  Dairy fat had a greater lubrication effect than vegetable fat, with lower overall 

friction coefficients, and was perceived differently when compared to vegetable fat in blind 

conditions.  For vegetable fat, emulsion droplet size and type of emulsifier did not influence 

either lubrication or sensory perception. For combined coffee & dairy creamer systems 

including sugar, clear correlations were found between the sensory attributes (‘mouthcoating’, 

‘fatty’ and ‘thick’) and tribology results. In contrast, for systems without sugar as well as 

systems with vegetable fat these correlations were less significant or absent. This study 

demonstrates that tribology is a useful and sensitive technique to differentiate low viscous 

systems and that it is possible to combine it with sensory evaluation to improve formulation of 

low-fat beverages.   
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Session 1: Food structure, breakdown and sensory perception (FSB) 

OP5 Fat and particulate fat replacers (protein or starch 

based) follow different lubrication mechanisms 

Fred van de Velde1,2, Kun Liu2,3, Markus Stieger2,3, Erik van der Linden2,3.  

1NIZO food research (Ede, NL); 2TI Food & Nutrition; 3Wageningen University.  

Lubrication plays an important role in the perception of fat-related sensory attributes, and can 

be measured with tribology. In this study we compare the lubricating behaviour of different 

particles in two types of matrices: liquid and semi-solid model food systems. Food particles 

were selected from the three groups of macronutrients: fat droplets with different solid fat 

content (sfc), microparticulated whey protein (MWP) and rice starch. Both lubricating and 

rheological properties were determined and related to sensory perception. Different particles 

affect the lubrication and sensory properties via different mechanisms due to their morphology 

and interaction with the matrix. 

Fat droplets embedded in semi-solid gels reduced friction due to formation of fat films 

following a plate-out mechanism. The formation of fat films was enhanced by 1) increasing 

the amount of fat; 2) releasing unbound fat droplets from the gel matrix and 3) coalescence of 

fat droplets due to high sfc. Emulsifiers influenced the friction through formation of emulsifier 

films. Sensory results (QDA) showed that both 1) and 2) were able to increase the perception 

of fat-related sensory attributes, whereas 3), high sfc, had no significant effect. 

Spherical MWP particles effectively reduced friction in both liquid and semi-solid matrices due 

to a ball-bearing lubrication mechanism. Ball-bearing lubrication of MWP was less efficient 

in gel matrices as it was in liquids. Sensory results (QDA) revealed that MWP did not contribute 

to the perception of fat-related sensory attributes as fat droplets did, which could be related to 

their different lubrication mechanisms. In liquids, small MWP particles contributed to 

creaminess perception, while larger MWP particles contributed to roughness perception, which 

was negative on creaminess perception. 

Irregular-shaped native and gelatinized rice starch particles increased friction due to 3-body 

abrasion. Therefore, the fat-mimicking functionality of rice starch might be mainly due to 

increasing bulk viscosity. 

During the presentation the different mechanisms will be supported by data and illustrated by 

schematic drawing. 
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In double emulsions (w1/o/w2), water droplets (w1) are included in oil droplets (o) which are 

dispersed in another aqueous phase (w2). The use of double emulsions has been acknowledged 

as a promising strategy to reduce oil content in several food applications. While most research 

has focussed on the preparation and stabilization of double emulsions, less is known about the 

effect on sensory perception and their underlying mechanisms. 

In this study, we investigated the sensory perception of double emulsions by descriptive sensory 

profiling using a trained panel. With regard to fat reduction applications, our focus was on the 

evaluation of fat-related attributes describing the taste (T), mouth-feel (MF) and after-feel (AF) 

perception, including thickness (MF), creaminess (MF, AF), fattiness (MF, AF), and 

cohesiveness (MF). Double emulsions varied in composition (gelled and non-gelled inner w1 

phase) and fat reduction level (i.e. amount of inner w1 phase replacing part of the oil). Single 

emulsions (o/w2) with the same dispersed phase fraction (oil) were used as reference stimuli. 

Oil droplet sizes and viscosities of the emulsions were similar to minimize the effect of those 

properties on sensory perception. 

We found that the replacement of oil with small water droplets w1 did not change perception 

of fat-related attributes, and even increased when inner droplets were gelled. Fat reduction of 

up to 47 % could be achieved using double emulsions while maintaining or enhancing 

perception of fat-related attributes. This indicates that the sensory perception of single and 

double emulsions is mainly determined by the total droplet surface area. To gain more insight 

in the mechanism behind the perception,  we have also investigated the lubrication properties 

of single and double emulsions by tribology. We found that the lubrication properties of the 

emulsions are correlated to the composition and amount of inner water phase. 

This study shows that different sensory attributes are dominated by either the total oil droplet 

surface area or the deformability of oil droplets. This insight allows to tailor the sensory 

perception of fat-reduced emulsions.  
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Oral perception of oil-in-water emulsions undergoing coalescence 

We discuss fluid-structure interactions between the human tongue and palate and the effect of 

these interactions on the stimulation of local mechanoreceptors, leading to sensorial perceptions 

such as “thickness”, “smoothness” or “slipperiness”. 

In particular, we provide a simple explanation for how coalescent oil drops may contribute to 

the mouthfeel of unstable emulsions. In addition to the common lubrication argument, we show 

that consideration of relative film viscosities may account for around two orders of magnitude 

of apparent viscosity increase in such emulsions, when the coalescence is catastrophic (total), 

with implications on the sensorially perceived attributes. Such phenomena are also predicted to 

have profound effects on the damping of mechanical signals perceived by mechanoreceptors in 

the oral cavity and thus on mouthfeel perception. 

  

Le Révérend, B. and Engmann, J. (2015) An alternative theory to explain the effects of 

coalescing oil drops on mouthfeel, Soft Matter 11, 7077-7080 

Xia, Q. (2016) 'Comment on “An alternative theory to explain the effects of coalescing oil drops 

on mouthfeel, Soft Matter 12 

Le Révérend, B. and Engmann, J. (2016) Reply to the 'Comment on “An alternative theory to 

explain the effects of coalescing oil drops on mouthfeel”' by Q. Xia, Soft Matter 12 
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Emulsions are wide used in food designs (both liquid and soft gels) for the purposes of 

improving oral sensory experience and the delivering of specific functional components. 

Different types of emulsifiers are used for food emulsion formulations, including proteins 

emulsifier, starch emulsifier, and surfactant emulsifier. While the emulsifying capability of 

these emulsifiers and stability of such emulsions have been investigated extensively in 

literature, little has been studied on the difference of their oral behaviour and effects of food 

emulsifier on sensory perception. 

This investigation is conducted based on the understanding that the presence of a-amylase in 

human saliva will interact with starch components and therefore cause immediate impact on the 

oral behaviour of such emulsions. Both in vitro and in vivo experimental works have been 

designed to clarify different behavior of food emulsions made with protein emulsifiers (whey 

protein isolates) and starch emulsifiers (modified waxy maize starch emulsifier). The study 

fabricated emulsions with the same mean particle size. Emulsions contain the same amount of 

oil (20% sunflower oil and 0.033% orange oil) were used as model systems. In vitro tests 

showed very different behaviour of the two emulsions after mixing with the artificial saliva. 

The protein emulsion remained stable with little change in terms of particle size, viscosity, 

turbidity, and microstructure observation. However, a starch emulsion behaved very differently. 

Strong flocculation and even coalescence, creaming, and viscosity increase were clearly 

observable. Similar results were also observed for in vivo tests, i.e. emulsions collected after 

oral processing. Another great feature of starch emulsifier is the fast release of oil-based aroma. 

A small amount of orange oil was added to the oil phase. Head-space analysis showed that 

aroma release for starch emulsions was much faster than that in protein emulsions when come 

into contact with saliva. 

This work demonstrated that starch-stabilized emulsion has a unique oral behavior which can 

be further explored in the designing of food products for desirable oral experience or for 

controlled flavour release. 
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When food is broken down in the mouth, flavour is perceived as an integration of multiple 

senses, including: taste, aroma and trigeminal responses. Capsaicin, as a trigeminal stimulant 

commonly found in chilli pepper, is proposed to modulate the delivery and perception of aroma 

compounds. However, the effect of capsaicin on aroma perception were inconsistent in previous 

studies 1,2 and no report on the role of capsaicin on aroma release. The impact of capsaicin on 

the orthonasal and retronasal delivery of the aroma compounds was therefore studied. 

APCI-MS is a popular technique to measure aroma release in-vitro and in-vivo. We aimed to 

investigate the impact of capsaicin on aroma release using APCI-MS to measure the release of 

aroma compounds within the oral and nasal cavities, ultimately to explain any physical, 

biological or chemical interactions of capsaicin, the target aroma compounds and the consumer. 

The model system was a frozen cube of ice containing capsaicin and aroma compounds, placed 

in the mouth and allowed to melt with minum mouth movement (4 panellists, 3 replicates). Four 

aroma compounds (pyrazine, 3-methyl butanal, 1-octen-3-ol and linalool) were selected based 

on their varying hydrophilicities. 

Whilst the inclusion of capsaicin had no impact on the partitioning of the aroma compounds 

from the melted ice cube when tested in-vitro (no impact on orthonasal aroma release), 

capsaicin significantly (p <0.05) reduced the headspace availability of certain aroma 

compounds in the nasal cavity during consumption (significant impact on retronasal aroma 

release). This effect was greatest for more hydrophilic aroma compounds. It is therefore 

proposed that trigeminal stimulation by capsaicin could stimulate the release of additional 

saliva or a change in saliva composition, which may act as a sink or barrier for the more 

hydrophilic aroma compounds, ultimately resulting in a selective reduction in the availability 

of the more hydrophilic compounds in the nasal cavity. 

1. Prescott, J., & Stevenson, R. J. (1995). Physiology & Behavior, 58(6), 1117-1127. 

2. Reinbach, H. C., Toft, M., & Moller, P. (2009). Food Qual Pref, 20(1), 42-49. 



4th International Conference on Food Oral Processing, Lausanne (Switzerland) 2016 

Session 1: Food structure, breakdown and sensory perception (FSB) 

FP5 Insight in trade-offs when masking stevia off-flavours 

with oligofructose 

Matthew de Roode1, Marjan Nouwens-Roest1.  

1Sensus b.v. (Roosendaal, NL).  

Research in our laboratories has revealed the synergy between oligofructose (Frutalose®L85, 

Sensus, The Netherlands), sugar, purified rebaudioside A (RebA97, PureCircle Ltd., Bermuda) 

and a steviol glycoside blend (SteviaPure, Prodalysa S.A., Chilli) in spoonable plain yoghurt as 

a  typical application. The overall objective was to reduce on sugar level without compromising 

on taste 

In order to give insight in these trade-offs when replacing sugar with stevia, a surface response 

methodology was applied to the initial sensoric data with the incorporation of customer relevant 

criteria. The experiment was set up using an internal panel consisting of 21 members that were 

selected and trained on attributes relevant to this research (sweetness, sweetness profile, 

liquorice off-taste, bitter off-taste and astringency). Twenty-six recipes with systematically 

altered combinations for all ingredients were tested in four repetitions, which resulted in an 

average amount of 42 observations per attribute per recipe. This robust experimental setup 

enabled the construction of a predictive tool to simulate the sensory qualities of different 

compositions as well as optimisation on the desired values of the different attributes. Statistical 

analysis of the data confirmed the validity of the used models and predictions for each 

distinctive attribute. 

To stimulate the use of stevia in food products even more, a combination of all models was 

introduced in an MS Excel format to serve as a convenient tool to help our customers with 

applying stevia in their products. Next steps in our research will be the introduction of more 

applications in the sweetness tool, but also other sources of stevia and other types of 

oligofructose. 
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High consumption of salt in the daily diet is known to be one of the main causes for a 

cardiovascular disease. Almost 80% of the salt in our diet comes from processed food, where 

dairy products (soft and hard cheeses) category is among the most commonly eaten food in 

Europe. The aim of this study was to reduce the amount of sodium by 50% from 1000 mg to 

500 mg in 100 g cheese. Semi hard local Israeli Tzfat cheese was prepared in 3 levels of salt 

content, control 100% , 70% and 50%. Two approaches were taken to reduce the sodium 

content: using salt replacer mixture at different weight ratios (NaCl, KCl, MgCl2, CaCl2 and 

MSG), structural modification by addition of stabilizers (k-carrageenan + locus bean gum 

(LBG), High + low gellan). The cheese quality was evaluated for the physicochemical, 

microbiological and sensory properties. The cheeses contained the salt replacers were also 

monitored during shelf life for 21 days. Successfully found that salt replacer KCl had the most 

resemblance in quality to control 100% salt when substituted 30% sodium of the sodium. 

According to the electronic tongue measurement, the taste profile of cheese containing KCl was 

similar to the control in both fresh and after 21 days. Other salt replacers had slight side effects 

such as bitterness perception and weaker adhesiveness forces. When using stabilizers the cheese 

structure was modified, more elastic when k-carrageenan and LBG were present compared to 

more brittle when high and low gellan were used. Compression analysis using texture analyzer 

was applied to mimic mastication while conductivity was monitored. The inner changes in the 

casein network for gellan stabilized cheese caused to significant increase in salt release than 

control cheese. The structural modfications in the cheese were evaluated using SEM analysis, 

particle size measurement and curding ability. The sodium diffusion coefficients were 

calculated from all cheese containing stabilizers. The study showed a possible strategy to apply 

in cheese and other food products to reduce the amount of sodium with minimum effect on the 

quality.              
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Flavour and/or tastant localisation in foods have been shown to enhance taste compared to foods 

with a uniform (but same net) flavour and/or tastant concentration. This results from the fact 

that food and beverages manufacturers are actively looking for ways or alternatives to enhance 

flavour in their products. Pfeiffer et al.1 described a study on cross-modal interactions between 

aroma, sweetness (sucrose), and acidity. A series of samples was presented to trained panellists 

who assessed strawberry flavour intensity using magnitude estimation with a reference 

modulus. Two groups of panellists were identified. For Group 1, increasing sucrose and/or acid 

levels also increased the perceived flavour intensity. For Group 2, changing sucrose 

concentrations had little effect, but increasing acid and/or volatile levels did. Busch et al.2 

described a study on the impact of salt delivery in mouth on salt perception. The results 

suggested that the frequency, timing, and concentration differences of salt stimuli affected 

saltiness, involving relative changes in NaCl concentration of 20 % and 38 %. Mosca et al.3 

described a study on the effects of textural properties and spatial distribution of sucrose on the 

enhancement of sweetness intensity in gels. All gels with an inhomogeneous distribution of 

sucrose were perceived sweeter than gels with a homogeneous distribution. Furthermore, 

soft/brittle gels were perceived sweeter than medium and hard gels. 

The present study relates to one solution where the pattern of delivery of taste stimuli is 

manipulated to enhance flavour perception in frozen applications. The approach taken to prove 

this concept of contrast effect was studied by using layers and the aim was lemon flavour, by 

varying aroma (lemon/lime) and sourness (citric acid level). The sensorial evaluation showed 

that the tastant citric acid and the aroma lemon flavour are congruent and to increase the 

perception of both, only one parameter (lemon flavour or citric acid) needs to be increased. 

Furthermore it was also observed that the localization of different levels of citric acid within 

the layers of a water ice while keeping the overall concentration constant resulted in an 

enhanced perception of lemon flavour and sour taste. In contrast the localization of different 

levels of lemon flavour within the layers of a water ice while keeping the overall concentration 

constant resulted in no significant effect on the lemon flavour and sour taste perception. The 

results show for the first time that tastant localisation in frozen applications can be a suitable 

technology to enhance flavour compared to foods with a uniform (but same net) tastant 

concentration. 

References 
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Aims 

Swallowing difficulty, “dysphagia”, has a worldwide incidence of over 13% in all people over 

65 year; the majority are prescribed a texture-modified diet including thickened drinks, but it is 

not clear how much of a change in thickness is required to mediate a change in swallow 

physiology. We investigated the ability to discriminate the viscosity of thickened liquids. 

Methods 

44 healthy volunteers (equal M:F, aged 18-30) evaluated the thickness of fluids comprising 

600ml water, 1.5g citric acid, 12g sucrose, plus Xanthan gum-based ThickenUp® Clear to 

create 9 liquids having a wide range in apparent viscosity from 15.2 to 775 mPa s at 50 /s and 

22 ±1°C.  Three subjective evaluation methods were investigated: 

Tipping/ swirling the sample in a glass. 

Stirring the fluid with a spoon. 

Swallowing a 7ml sample of the fluid 

Random order was applied to the three test methods and presentation of fluids.  

Results 

Analysis focussed on the ability to discriminate between pairs of liquids and least significant 

difference (LSD).  Although the inter-subject variation was very large, discrimination ability 

across the group was consistent: “neighbouring” liquids with the smallest incremental 

difference in viscosity were perceived as significantly different (p < 0.05) in almost all 

assessments from thin to thick. The three assessment methods provided very similar results: 

neighbouring liquids were correctly discriminated 72, 72, 69% of the time (tip, stir, swallow 

respectively). A larger difference of 2 intervals (e.g. liquid 3 vs 5), was more often discerned 

correctly: 87, 87, 82% of cases (tip, stir, swallow respectively). The least significant differences 

(LSD) for each method were similar: 5.2, 5.2 and 5.7 on the 100-point rating scale. 

In practice all three methods are likely to influence assessment; calculating the mean of the 

rated thickness across the three methods considerably improved discrimination: LSD = 3.4, and 

the proportion of correct paired discriminations reaches 100% correct with a separation of 3 

levels in liquid viscosity. 

Conclusions 

Although inter-subject variation is large, individual viscosity discrimination amongst similar 

liquids has a relatively small LSD, which is consistent whether assessing visually or by 

swallowing.  



4th International Conference on Food Oral Processing, Lausanne (Switzerland) 2016 

Session 2: Physiology of chewing and swallowing (PCS) 

PL Evolutionary background to human physiology of 

chewing and swallowing 

Robert S. Corruccini1.  

1Southern Illinois University.  

While much clinical attention is given to details of nutrition and to the physiology of human 

mastication, such studies usually are confined to contemporary people suffering some 

abnormality of the above processes. In fact the modern human physiology of chewing and 

swallowing has been tremendously impacted by the relatively very recent industrialization of 

food processing. This transition has been more drastic than that due to the earlier development 

of agriculture. Agriculture has been with the human species for only about the last 12,000 years 

while industrialization effects, including food processing and dietary globalization, are largely 

limited to the last 3-400 years. For many thousands, indeed millions of years prior to that the 

ancestors and the early representatives of the human species subsisted by foraging, with 

minimal food preparation prior to ingestion. This change, having happened so recently, has not 

allowed for much genetic adaptation therefore we humans still inhabit a Paleolithic, that is 

“Stone Age” body. The transition explains the rise of many modern diet-related and activity-

related “mismatch” diseases such as heart disease, obesity and the associated diabetes, 

hypertension, BPH, osteoporosis, malocclusion, diverticulosis, hernias, hemmorhoids, sleep 

apnea, asthma, many allergies, and less obvious disorders such as appendicitis, chronic lower 

back pain, visual myopia, SIDS, preeclampsia, kidney and gall stones, and many others. At 

least in theory, an appreciation of the human evolutionary background should help direct and 

inform any nutritional or dietetic research into the cause and cure of many “mismatch” diseases. 
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Beyond its importance to ensure a safe transport of food bolus to esophagus, swallowing 

mechanism also plays a role for food aroma perception due to coating phenomena on pharynx. 

The aim of the present study is to characterize and quantify the respective contributions of i) 

food bolus rheological properties (glucose syrups and cottage cheeses with or without saliva) 

and ii) swallowing physiological parameters on pharyngeal coating. 

Face to accessibility issues encountered with in situ characterization of mucosa coating, an 

original experimental device was developed in vitro. The device is based on the assumption 

that in its most occluded region, pharyngeal peristalsis can be compared to a forward roll 

coating configuration. The contact between tongue base and pharyngeal walls is then 

represented by two rolling cylinders initially maintained in contact by a spring dynamometer. 

The measurement of cylinders coating thickness is achieved using scrappers and a real-time 

mass flow acquisition system. 

The device mimicks variations of several physiological features related to swallowing process: 

i) mucosa deformability (stiffness range: 60-100 kPa) depending on the concentration of gelatin 

layer covering cylinders, ii) peristaltic wave velocity (0.05-0.15 m.s-1) related to cylinders 

rotation velocity and iii) lubrication by saliva (coating thickness: 10-30 µm) adjusted by the 

flow of water coating the cylinders. Two types of food products were considered : Newtonian 

glucose syrup solutions varying both in density (1000-1200 kg.m-3) and viscosity (1-50 mPa.s) 

and cottage cheeses with similar densities but different viscosities (1-10 Pa.s). 

The experimental device enabled to reproduce bolus coating thicknesses in agreement with the 

literature (range 5-150 µm). The results of experimental measurements coupled with statistical 

analysis show that thick pharyngeal coatings are associated with i) high values of bolus 

viscosity, mucosa stiffness and lubrication thickness, and ii) low values of bolus density and 

peristaltic velocity. Interestingly, due to these competitive contributions, bolus hydration by 

saliva may lead to thick coatings for glucose syrup, and to thin coatings for cottage cheese. 

Such experimental device may also be used to adapt food texture for people suffering from 

swallowing disorders. 
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An in vitro experiment to study the oral phase of swallowing is presented and compared to 

ultrasound in vivo observations for both Newtonian and shear thinning liquids. Shear-thinning 

liquids were observed to flow essentially like Newtonian liquids with viscosities equivalent to 

their high-shear-rate viscosity. However, thin Newtonian liquids did give often rise to 

uncontrolled leaking before the in vitro swallow, while this was never observed with shear-

thinning liquids, thanks to their high viscosity at low shear rate. 

A theory was developed to describe this unsteady flow and used to provide a physical 

interpretation of the experimental and in vivo observations. An initial inertial regime, sensitive 

to bolus density is possibly followed by a viscous regime in which the liquid viscosity governs 

the velocity of the bolus. The predominance of the viscous regime is higher at low applied force, 

leading to a higher sensitivity of the bolus flow to its viscosity. 

In vitro experiments, theory and in vivo swallows agree quantitatively in terms of the oral transit 

time and of the predominance of the viscous regime. 

The realistic, in vitro experiment proposed in this study can be used to screen novel thickener 

formulations and select the most promising formulations for clinical evaluations. The theory 

proposed in this study can be used to design novel thickener formulations in view of obtaining 

a desired oral transit time. Both are important tools to support the design of novel dysphagia 

thickeners. 
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Theory 

Abstract 

To better understand the complex relation between physical properties of foods and sensory 

perception, we apply methods from the science of complexity. 

We discuss our work in relation to some examples on how complexity is used in the field of 

sensory science. We analysed temporal dominance of sensations (TDS) data [1] using methods 

from both information theory [2] and coding theory. We report that vastly different TDS curves 

can be mapped onto one master curve as a function of normalized time and an information 

theoretical measure. 

Furthermore the theory provides the basis for a recently proposed quantitative measure for 

complexity [3]. Interestingly, this measure versus time maximizes at a critical point near the 

moment of swallowing as described earlier for physical systems [4]. 

New visualisation methods are investigated, like directed graphs, to research TDS profile on an 

individual level for different food model systems. This showed that for most individuals the 

sequence of dominant sensations depended on system type, while for some it was independent 

of that. 
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Multiple reports in multiple countries indicate that users and non-users of chili containing foods 

rate the burn intensity differently in controlled laboratory conditions, with those who do not 

regularly consume these foods rating the same stimulus as more intense.  However, whether ad 

libitum chewing and swallow timing confounds these observations has not been tested.  We 

developed a spicy taffy (7.5 ppm capsaicin in a cooked, pulled sugar candy) to study how spicy 

food liking, temporal sensory properties, and chewing duration may interact. After practice and 

protocol familiarization with a commercially available non-spicy chewy candy, participants 

(n=49; 9 men) rated the intensity of our spicy taffy over time during ad libitum chewing, and 

for 60 seconds after swallowing.  Participants also completed the Sensitivity to Reward 

Sensitivity to Punishment Questionnaire (SPSRQ).  Observed results were generally consistent 

with prior reports, as those who prefer and consume spicy foods gave lower maximum intensity 

ratings to the spicy taffy (p=0.03). In terms of novel findings, timing of swallow was associated 

with time to maximum intensity, and this was true for both the spicy taffy and the sweet candy 

from the protocol orientation (p=0.0008).  Spicy food preferences were not consistently 

associated with timing parameters, but higher sensitivity to punishment scores (from the 

SPSRQ) associated with shorter times to maximum intensity (p=0.016 women only; p=0.07 all) 

and higher sensitivity to reward associated with longer times to maximum intensity (p=0.015 

women only; p=0.07 all). In summary, spicy food preferences influenced intensity parameters 

but not timing parameters, while swallow timing appeared to be influenced by the timing of 

intensity rather than intensity itself.  More work is needed to determine whether the timing of 

swallow simply correlates with timing of maximum spiciness intensity, or if reaching maximum 

intensity helps trigger swallowing. 



4th International Conference on Food Oral Processing, Lausanne (Switzerland) 2016 

Session 2: Physiology of chewing and swallowing (PCS) 

FP1 Relating tribology to in-mouth texture perception in 

protein- and starch-added yogurts 

Pere Morell1,3, Jianshe Chen2, Susana Fiszman3.  

1Universitat Politècnica de Valencia, C/Camí de Vera s/n, 46020, Valencia (Spain) (Valencia, 

ES); 2Zhejiang Gongshang University, 18 Xuezheng Street, 310018, Hangzhou (China); 
3Instituto de Agroquímica y Tecnología de Alimentos, C/Agustín Escardino 7, 46980, Valencia 

(Spain).  

Increasing the protein content in yogurts would be a good strategy for enhancing their satiating 

ability. However, reformulation is difficult since addition of protein can affect the product 

palatability contributing astringency and/ or inhomogeneous texture. In oral tribology, at low 

speeds (<10 mm·s-1, boundary lubrication regime) friction coefficients obtained are 

independent of speed and the load is carried by the contacting asperities. This speed zone may 

be interesting for understanding any potential relevance of tribology in relation to yogurt’ in-

mouth sensations, which in turn could be related to satiating expectations cues. 

In the present study, four stirred double-protein yogurts were prepared adding extra skimmed 

milk powder (sample MP) and whey protein concentrate (sample WPC). Two more samples 

were prepared by adding 2% of a physically modified starch (PMS) (sample MPS and WPCS, 

respectively), in order to increase the consistency and impart creaminess. Lubricating properties 

of samples with and without saliva were related to their sensory characteristics assessed by flash 

profiling (FP). 

Tribological results clearly showed that addition of PMS reduced the friction coefficient values 

regardless the type of protein. In presence of saliva, the number of intact starch granules and 

the intervention of amylose polymer forming a film on the surfaces would explain low friction 

values of starch-containing samples. Saliva enhanced the lubrication properties of all samples. 

The FP results confirmed that the addition of PMS reduced the astringency sensation, 

particularly in the sample containing WPC, while the MP and MPS samples were creamier and 

smoother than WPC-containing yogurts. These results implied that astringency in yogurt 

seemed unlikely to be a purely tactile perception caused by rise of friction. 

Oral tribology proved to be an in vitro technique that could aid to better interpret the sensory 

profiles via an enhanced understanding of dynamics of in-mouth lubrication and the physical 

mechanisms underlying texture and mouthfeel perception. Tribology measurements in presence 

of saliva would render the scenario more realistic. 
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The perception of tactile stimuli in mammalian skin is mediated by an intricate 

mechanosensitive machinery involving dedicated mechanosensitive receptors, cells and 

neurons. This signal transduction setup is coupled with the topology and mechanical properties 

of skin, thereby providing for a highly sensitive and accurate perception system to detect stress 

fluctuations (texture) from the external environment. Although textural attributes are important 

in the sensory experience of food, the underlying sensory physiology relevant to oral texture 

perception is not well understood. The proper functioning of oral texture perception is of high 

significance in various food intake scenarios ranging from breastfeeding, to intake control and 

possibly even in the prevention of presbyphagia. We hypothesize that subsets of tactile 

receptors are tuned to encode specific textural qualities of foodstuffs. Input from such a system 

will encode the properties of a food bolus during oral manipulation until swallowing as well as 

textural palatability. To test this hypothesis, we mapped the distribution of anatomically distinct 

neuronal endings in the mouse oral cavity (tongue, palate and gums) using transgenic reporters, 

molecular markers and quantitative histomorphometry.  We found that the hard palate and gums 

are densely populated with four classes of putative tactile afferents that are organized in discrete 

patterns. These included Merkel cell-neurite complexes and Meissner’s corpuscles, which have 

well-defined roles in discriminative touch reception in skin. Third, glomerular corpuscles were 

localized to the lamina propria of hard palate.  Finally, an unusual subset of neurofilament 

heavy (NFH)-positive afferents innervating superficial epithelial layers were identified.  We 

find that the murine tongue is devoid of Merkel cells.  Rather, the tongue is equipped with a 

unique set of putative mechanosensory afferents.  These studies lay the groundwork for 

physiological studies to define functional differences between anatomically distinct 

somatosensory neurons in the oral cavity.  Ongoing studies aim to identify the behavioral 

contributions of mechanosensitivity to food texture discrimination and to identify the response 

properties of subsets of putative touch receptors. 
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Mastication is one of the most important functions of the stomatognathic system. It is a highly 

coordinated neuromuscular operation and features rapid mandibular movements which demand 

continual modulation and adaptation to load. The nervous system, peripheral receptors (which 

determine sensory input), and the masticatory muscles (which produce the response from the 

brain and adaptation of movement) are continually involved during mastication. This is a 

complex process and plays a fundamental role in the quality of life for patients during 

childhood, maturity and old age.  Mastication is a rhythmic and phylogenetically ancient 

movement. The best-known players in this process are the teeth – these are no longer a vital 

organ for Man (as they are for animals), but they are still of fundamental importance both in 

terms of healthy functioning of the stomatognathic system and for social relationships. In fact, 

the peripheral input arriving from the periodontal receptors of teeth is numerically concentrated, 

sensitive, highly specialized and extremely fast in reaching the neural centers allocated to 

masticatory control. Experimental studies on the topic have identified the mechanisms in 

animals during phylogenetic development that maintain and control the chewing cycles, which 

are extremely precise in humans too. 

The subject has been deeply explained in the recent and modern book entitled “Understanding 

Masticatory Function in Unilateral Crossbites” which shows 

- the physiology of the masticatory function, both from the cinematic (chewing pattern) and 

muscular (electromyography) point of view 

- the role of food consistency on growing and on the health of the stomatognathic system 

- the alterations that happen in conditions of malocclusions such as unilateral crossbites both 

from the cinematic (chewing pattern) and muscular (electromyography) point of view 

- the consequences of such alterations on growth and balance 

- how, why and when is it possible to correct masticatory function and chewing patterns 

Any point explained in the book is based upon significant results published in peer reviewed 

journals, after years of research, clinical practice and undergraduate and postgraduate teaching. 
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Food oral processing is among the most complex motor behaviors that humans perform. Food 

particles have to be precisely manipulated between the teeth at the same time as strong forces 

are generated to crush the food. To be successful, the brain must constantly process information 

from mechanoreceptors signaling information about the state of the orofacial tissues as well as 

information about the location and physical properties of food. In addition to their role in 

sensorimotor regulation, the orofacial mechanoreceptors also serve a vital role in perception, 

including the “mouth-feel” associated with the enjoyment of food. In fact, no other area of the 

body is served by a more extensively developed mechanoreceptive system, resulting in 

perceptions of tactile events that are unsurpassed in detail. In our laboratory, the physiology of 

orofacial mechanoreceptors has been characterized using the techniques of microneurography 

and microstimulation and their role in motor control has been studied in behavioral experiments. 

The different types of orofacial mechanoreceptors, including the periodontal mechanoreceptors, 

will be presented along with a discussion about their likely functional role during food oral 

processing. 
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During food consumption, products can be characterized by the length of their aromatic 

persistence. In vivo measurements of aroma compounds concentrations in the nasal cavity have 

indeed revealed temporal differences in aroma release depending on the molecule. However, 

the mechanistic explanation of aroma compounds’ persistence in the mouth remains unknown. 

Here, we hypothesize that aroma persistence can be explained by aroma compounds binding 

onto the oral mucosa before undergoing a progressive release after swallowing. 

A cell-based model of oral mucosa was previously developed. Cells were grown in 10ml 

headspace vials. The model, incubated (“Pellicle”) or not (“Cells”) with clarified saliva was 

then covered by aroma solutions (methyl ketones from C5 to C10 diluted at 10-4M in 

HBBS/HEPES) and incubated for 40min at 37°C. At equilibrium, the headspace was analyzed 

by gas chromatography (GC-FID). Four conditions were used: a dry control (DC: empty vial), 

a hydrated control (HC: vial containing 25µl PBS), cells, pellicle (n=4 per condition). Partition 

coefficients (K) between the gas and liquid phases were calculated. 

The headspace concentration was significantly lower for HC than DC for the most hydrophilic 

compounds pentanone and hexanone, which probably relates to their higher affinity for the 

aqueous phase. This highlights that a dry control is unsuitable and that hydration of the mucosa 

should be considered. There were no significant difference between Kcells and KHC for four 

molecules (C5 to C8), i.e. they were not substantially retained by cells. Oppositely for nonanone 

and decanone, Kcells and Kpellicle were significantly lower than KHC and decreased as 

hydrophobicity increased, indicating that the mucosa (with or without a pellicle) can retain 

aroma compounds and that retention could be driven through hydrophobic effect. 

Herein, using a linear series of ketones, we observed two different behaviours of aroma 

compounds depending on their hydrophobicity. The more hydrophilic compounds would be 

more prone to solubilize into the wet salivary pellicle covering mucosa, while the more 

hydrophobic compounds would bind onto epithelial cells due to hydrophobic effects. The 

present data provide an argument in favour of the hypothesis that the oral mucosa could 

participate to aroma persistence. 
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Wine “after-odor” could be defined as the long lasting aroma perception that remains after wine 

swallowing. It is an outstanding characteristic in terms of wine quality but a relatively unknown 

aspect. Among the different parameters that might affect wine after-odor, the adsorption of 

odorants to the oral mucosa could be an important one, although it has been scientifically little 

explored. 

In this study an -in vivo approach based on determining the remaining amounts of odorants in 

the spat-off wine samples after in-mouth wine exposure allowed to determine the amount of 

aroma adsorbed to oral mucosa. In addition, an intra-oral SPME methodology was set up and 

applied to different individuals exposed to aromatized wines with different non volatile 

composition to determine the aroma released from oral mucosa. 

Results showed an important retention of aroma compounds into oral mucosa, which could 

range from 6 to 43 % of the original wine aroma composition, depending on the chemical 

characteristics of the aroma compound. Hydrophobic or polar aroma compounds with aromatic 

rings were strongly retained. The limited binding capacity of oral mucosa, which did not 

increase with increasing amounts of aromas in the wines, was also proven. Intra-oral aroma 

release profiles obtained at different times after wine expectoration showed important 

differences depending on compound type, but also strong inter-individual variability, which 

could be related to physiological differences (saliva flow and composition, air cavity volume, 

etc). In addition, a strong effect of wine non volatile composition (wine matrix) in the intra-oral 

aroma release after in-mouth exposure to different types of wines was evidenced. A large 

correlation study involving many wine compositional variables showed that total polyphenols 

were negatively correlated to intra-oral aroma release. The effect of polyphenol type 

modulating aroma-oral mucosa interactions was further investigated, demonstrating that wines 

spiked with grape seed proantocyanidins exhibit lower intra-oral aroma release compared to 

wines spiked with grape skins richer in anthocyanins. This effect was also noticed by sensory 

analysis. These results show that wine polyphenols, depending of their structure, might promote 

the binding of wine odorants to oral mucosa delaying their in-mouth release, which might 

influence wine after-odor. 
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Mouthfeel describes the oral sensations, often after consuming food or drink, that are not easily 

described by taste qualities.  The normal feeling in the mouth is maintain by the adhesion of 

hydrated mucin glycoprotein, secreted from salivary glands, to the oral mucosa.  Previously we 

have shown that salivary mucin binding to oral cell layers is mediated by cell membrane-

associated mucins such as Muc 1.   Salivas with high levels of spinnbarkeit (stringiness) bound 

much greater amounts of salivary mucin- Muc 7 more than Muc 5b.  Salivary spinnbarkeit is 

regulated by bicarbonate levels in saliva.  In this report we show that salivary mucins bound to 

the mucosa can also be removed by high bicarbonate level mouthrinses leading to an astringent 

mouthfeel.  

Methods: Subjects were given 5 ml mouthrinses containing different concentrations of sodium 

bicarbonate (10- 50 mM, pH 7.2-8.0).  After 10 mins the mouthrinse was expectorated and then 

centrifuged.  The pellet was homogenized and both supernatant and pellet separated by SDS-

PAGE and immunoblotted for Muc 1, 5b and 7. 

Results: Increasing concentrations of bicarbonate mouthrinse yielded oral epithelial cells with 

less Muc 7 than controls (water rinse).  In contrast, levels of Muc 5b and Muc 1 were unchanged 

suggestion no loss of cells during the analysis.  Subjects reported increasing levels of 

astringency with increasing bicarbonate concentration.  

Discussion: bicarbonate appears to regulate the unfolding of Muc 7 in particular affecting its 

adhesion to itself (to form spinnbarkeit) or to the mucosa to provide a lubricating layer.  Thus 

the differential binding of Muc 7 to oral epithelial cells suggest Muc 7 is a key mediator of oral 

astringency.     
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The perception of margarine remains very distinct from that of butter, in spite of efforts to 

minimise their flavour differences. A reason could be different in-mouth melting behaviour 

between margarine and butter due to differences in their matrix composition. One characteristic 

that has been described in the past and could distinguish butters from margarines is the cooling 

sensation perceived in-mouth during consumption (Cool-melting). It might be that this attribute 

contributes for consumers’ preference for butter over margarine. Bringing margarine even 

closer to butter on a mouthfeel perspective could have an impact on consumers’ choice. A 

question that has remained over the years is what is cool melting? To address this question we 

designed an experiment to characterize the “cool melting” perception in commercial spreads 

sensorically and analytically. A sequential profiling was performed by a trained panel on a 

choice of commercial margarines and butters while analytical measurements including N-line, 

Differential Scanning Calorimetry (DSC), salt release and in-mouth temperature were 

performed in parallel, the objective being to find physical parameters that could help predict 

the cooling sensation elicited by the spread. Our results show that cool melting is a property of 

spreads that can be measured sensorically and can distinguish butters from margarines. The 

cooling sensation is not only related to the total amount of fat in the product but also to the type 

of fats present in the spread. The rate of energy expenditure for melting the spread in-mouth by 

a modified DSC method, constitutes the best measurement to predict the cool melting property 

of a spread. Based on our results we can conclude that by changing the structure and 

composition of the fats with those that melt around body temperature, we should be able to 

increase the cool melting perception in margarines. 
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Context and objectives: In humans, the main events that contribute to in-mouth emulsion 

breakdown are shear forces due to the compression of tongue and palate, tongue movements, 

heat transfer and the action of saliva. To date, most of the studies on the field were conducted 

on model emulsions and little is known about coffee-creamer beverages. In this context, the 

objective of the present work is to better understand how human oral physiology, with a  main 

focus on saliva, may govern the in-mouth breakdown of coffee-creamer beverages with 

consequence of food bolus structure and aroma release. 

Methodology: The work was conducted on 7 coffee/creamer beverages differing by the amount 

of fat, texturing agents and salt. In vivo aroma release, fat mouth coating , bolus structure and 

moistening were followed on 12 subjects with highly variable saliva composition. In vivo 

flavour release of eight aroma compounds was followed by on-line PTR-ToF-MS. Fat mouth 

coating was evaluated thanks to fluorimetric methodology. Particle size distribution (PSD) of 

the oil droplets in food bolus was evaluated with laser granulometry. Oral volume and saliva 

viscosity and composition and were also measured for each panellist. Statistics were performed 

through multivariate and ANOVA analysis. 

Results: In vivo aroma release and persistence are mostly explained by oral volume, salivary 

flux and composition (proteolysis). Aroma release depends also on fat mouth coating: the higher 

the coating, the higher the aroma release and conversely for aroma persistence. Mouth coating 

depends on oil droplet flocculation in the food bolus, food bolus moistening, salivary flux and 

oral volume: the higher these parameters, the higher the coating. At last, bolus structure (PSD) 

is beverage dependent and not subject dependent. 

To conclude in vivo aroma release after consumption of coffee/creamer beverage is mainly 

influenced by the subjects and in particular salivary composition while food bolus structure is 

principally driven by the product formulation. These results will guide food industries to 

reformulate coffee creamer matrices that are better adapted to oral physiology while 

maintaining a good consumer liking. 
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A key element influencing food oral processing and oral sensory perception is the mixing of 

food and beverages with saliva and the modification of the mucosal film coating oral surfaces. 

However, relatively little is known about the types of interactions that regulate the binding of 

saliva to substrates, and the interplay between binding to the oral epithelium and food particles, 

including dietary polysaccharides such as cellulose-rich plant cell walls and starch. Here we 

focus on unravelling the effect of molecular interactions on the structural, nano-rheological and 

tribological properties of protein and polysaccharide surface films. 

We uncover the molecular mechanisms for saliva’s ability to assemble at surfaces and its 

superior tribological properties. We illustrate how salivary proteins provide a highly hydrated 

proteinaceous multilayer film whose architecture enables low friction and enhanced surface 

retention. A key component to the film structure is the interaction between proline rich proteins 

(PRPs) and mucins, whereby surface anchoring functionality of PRPs is “utilised” to support 

the extended and highly hydrated conformation of mucins within the complex film. Such 

architecture not only provides superior load-bearing capacity and lubrication, but also reduces 

bridging adhesion thereby promoting wear resistance of salivary films. 

We use these insights to design rationally surface films consisting of multiple proteins and 

polysaccharides, with consideration for their potential utilisation in modulating film formation 

at oral surfaces.  Since the film hydration is vital to create a mucosal film-mimetic, we examine 

mucin-like plant polysaccharides with comb-brush architectures as building blocks. In addition, 

we construct surface films in a controlled manner using both adsorbed and grafted 

polysaccharides, and examine their responsiveness to variations in solvent quality as well as 

quantify the role of hydrophobic and charge interactions on adsorbed surface film 

properties.  The strategies developed have the potential to enable superior control over film 

formation at oral surface and their tribological properties. 
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Whey protein has been shown to elicit a mouth drying sensation, which could be undesirable 

for many commercial applications. The source of whey protein drying is not fully understood, 

however recent research has attributed it to the adhesion of whey proteins to the oral mucosa 1. 

The oral mucosa is a moist membrane, which lines the oral cavity and is associated with a 

mucosal secretion of saliva. Saliva contains large glycoproteins, known as mucins, which can 

interact with substances in the mouth, leading to mucoadhesion. 

Mucoadhesion in whey proteins has not been extensively studied, however a correlation has 

been observed between mucoadhesive strength and level of denaturation 2. Reconstituted whey 

protein concentrate (10% w/v) at neutral pH was heated for various different time intervals to 

investigate the effect of thermal denaturation on retention on mucosal membranes. 

Mucoadhesive characteristics were evaluated for the samples: the retention for each sample was 

assessed with an in vitro flow-through method using porcine lingual mucosa. Sensory 

evaluation was carried out using sequential profiling to assess the build-up of drying, chalky 

and mouthcoating attributes over repeated consumption. These attributes could be a direct result 

of mucoadhesion, and the build-up over repeated consumption would indicate a physical 

presence in the oral cavity, which would result from mucoadhesion. Samples were also assessed 

for differences in rheology, particle size and particle charge to better understand the 

mechanisms occurring in the mouth. 

Sensory evaluation of the samples found a significant increase over repeated consumption of 

drying, chalky, and mouthcoating attributes, where samples with higher levels of thermal 

denaturation correlated to significantly higher intensities for all three attributes. 

By comparing the results from the sensory evaluation with the in vitro and analytical 

techniques, a better understanding of the mechanism of drying in whey protein beverages can 

be developed, which could be utilised to change and improve the overall sensory profile of 

whey protein products. 

1. A. Ye, T. Zheng, J. Z. Ye and H. Singh, Physiology and Behaviour 2012, 106, 645–650. 

2. H. Hsein, G. Garrait, E. Beyssac and V. Hoffart, Colloids and surfaces. B, Biointerfaces 

2015, 136, 799-808. 
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Amylase enzymes, which break down starch, and are present in saliva, have been demonstrated 

to vary in concentration and activity across individuals.  As a result, there are significant 

differences in individual perception of oral thinning of starch-containing foods, which have 

been related to differences in salivary amylase.  A secondary sensory effect of these differences, 

is that the generation of sugar during oral processing can vary, not only causing variations in 

sweetness, but also leading to differences in further salivary activity.  This presentation explores 

the nature of these relationships and how they  can be used to design desired sensory effects in 

foods.  Observations on digestion-prone and digestion-resistant starches in model food matrices 

will be shared, as well as  investigations into the modulation of these effects in more complex 

food matrices.  The insights generated from these studies are aimed at enhancing the 

understanding of chefs and formulators so they can design specific mouth-clearing and taste 

properties in foods such as yogurts, sauces, spread, and fillings. 
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The propensity of a food material to adhere to another surface is generally referred to as 

adhesiveness. As a sensory texture attribute, adhesiveness or stickiness describes the force 

required to remove a food from teeth and oral surfaces. Adhesion is an important material 

property for food processing, but it also influences texture perception during oral processing. 

Moreover, adhesiveness may be enjoyed or expected for certain food products, most notably 

confectionary products such as caramel. Adhesion originates from the surface energy of 

adhering material and the contact surface, and rheological properties of the adhering material. 

In foods, saliva is a third component that provides a lubricating layer on oral surfaces and can 

act as a solvent. We propose that the initial sensory detection of adhesiveness in caramels can 

be explained based on pressure sensitive adhesive theory and the consideration that saliva may 

serve as a lubricant on oral surfaces. Therefore, initial adhesiveness should be predictable based 

on rheological properties and surface energies. The objective of this study was to develop a 

method for modeling adhesiveness of caramels based on rheological properties, surface energy, 

and accounting for the contribution of saliva. A variety of surfaces (aluminum, stainless steel, 

denture acrylic, temporary crown acrylic, and dental composite) were used to reflect a range in 

surface energy. Physical properties of the caramels were modified by varying total fat content. 

Material surface energy was determined using the sessile drop method; water and methylene 

iodide were used as probe liquids to isolate the dispersive and polar contributions to total 

surface energy. Pressure sensitive adhesion was determined using a three-step compression-

hold-decompression test at a constant compressive force. Rheological properties of the 

caramels were determined using small strain oscillatory testing and creep recovery. Results 

indicate a linear relationship between the polar component of surface energy and pressure 

sensitive adhesion. A fundamental understanding of sensory adhesiveness – and the 

contributing physical properties and oral processing considerations – will help in designing 

foods with a desired level of adhesion. 
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Deconstruction of food during digestion is a progressive process involving successive digestive 

compartments and biological activity of several digestive fluids. Thus, digestion of a solid food 

begins in the mouth during the food oral processing involving mastication and saliva action. 

Combination of these two functions ensures the first step of food digestion in the mouth both 

at mechanical and chemical scale. Indeed, in the oral cavity, food is submitted to a broad range 

of mechanical deformations mainly under teeth action (e.g. breakdown by compression, 

crushing and shear stress) and biochemical activities resulting from saliva release (e.g. wetting 

agent, enzymes, buffer action). With highly controlled motor commands, teeth break down the 

food piece into smaller particles and mix them with saliva to form the food bolus. Saliva 

secreted in the mouth under mechanical and chemical stimulation favors particles adhesion to 

each other to form a cohesive bolus and reduces friction forces in the mouth during food oral 

processing. 

Food structure and mechanical properties of the matrix are the main factors driving the level of 

its disintegration during mastication. At the same time, particle lubrication by saliva during 

bolus formation empowers the initiation of chemical action by salivary enzymes, α-amylase 

and lipase, conferring an important role to this oral fluid in the whole digestive process of foods. 

This multifaceted role of saliva modifies bolus texture such as cohesiveness, surface tension or 

viscosity, which could also affect digestion process for example in terms of the dynamics of 

digestive events. 

These interlinked functions are important for instance in digestion of starch since it is the main 

source of carbohydrate-based food products in the modern human diet and met salivary α-

amylase during oral processing. Cephalic phase reflexes are another implication of the oral step 

in digestion. These reflexes arise in the oral cavity during the dynamic activity of food 

transformation and perception. They induce a myriad of reactions and are supposed to prepare 

the digestive tract to the food being chewed and analyzed in the mouth. 

More work is needed to confirm the relevance of digestion events occurring during food oral 

processing but obviously oral stage should be considered as an integral part of the digestive 

process. This would participate to better knowledge but also would give some lines to explore, 

for example, in developing new foods for specific groups orally deficient or with systemic 

disease such as diabetes or obesity. 
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Bread structure, and in particular its density, can delay starch hydrolysis and glucose release 

during digestion, and its absorption by the Human body. The objective of this study was to 

better understand the role of the oral phase on bread digestion kinetics, especially by the action 

of salivary amylase. More precisely, this research work aimed to understand the impact of bread 

structure and bolus properties on glycemic index and digestion. 

For this purpose, three types of French baguettes with different densities were studied: 

industrial, traditional and whole-wheat baguette types. The industrial and traditional baguettes 

had a similar formulation but differed in the production process. The whole-wheat baguette had 

a distinct formulation. The industrial baguette was the least dense (0.16), the traditional and 

whole-wheat baguettes had similar densities (0.25 and 0.26 respectively). The starch content 

and profile of these baguettes as well as their predicted in vitro glycemic index were determined. 

Structure and properties of boluses were also characterized (hydration, enzymatic degradation, 

comminution). Additionally, the in vitro and in vivo boluses from the three baguettes were 

submitted to a series of dynamic in-vitro gastric digestions (DIDGI®) that simulated in-vivo 

conditions gathered from the literature. 

For the industrial baguette, the hydrolysis rate of the in-vitro bolus was slightly faster in the 

first minutes of the experiments than for in vivo boluses but by the end of the digestion period 

the fraction of hydrolysed starch was the same with both types of boluses in vitro (using real 

saliva) and in vivo. it was demonstrated that salivary α-amylase continued to be active during 

the simulated gastric phase of digestion being responsible for partially hydrolysing up to 50% 

of bread starch (depending on the type of bread and in particular depending of hydration and of 

the alveolar cell thickness). Activity of salivary α-amylase has been characterized in gastric 

conditions. Up to pH4, the majority of salivary α-amylase remains active and led in different 

digestion kinetics for the three breads. 

This study confirms that oral phase plays an important role in starch digestion in bread and 

should therefore be considered in digestion studies. 
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Satiating capacity of foods differ which is modulated by the dietary fibre type and content, 

macronutrient composition, energy density, and sensory quality. The role of cephalic phase in 

satiety responses has been debated as well; however, these results are inconsistent. This study 

aimed to evaluate if different rye product structures, requiring different oral processing, impact 

the postprandial satiety response. The test foods were wholegrain rye products representing 

varying structures: wholegrain sourdough rye bread, extruded wholegrain rye flakes, extruded 

wholegrain rye puffs and wholegrain rye smoothie. Wheat bread was included as a control. 

Sensory properties of the products were first defined by sensory profiling using a trained 

sensory panel (n=2x12). Further experiments consisted of mastication (n=26) and satiety trials 

(n=16, subgroup), with healthy, normal weight females as participants. In the mastication trial 

the study products were served as portions representing mouthful of food, and three portions of 

each product were served. The portions were masticated until subjective swallowing point. The 

mastication process was characterized by monitoring the electrical activity of facial muscles by 

electromyography (EMG). In the satiety trial the participants were served one of the five study 

products with juice in each five visits. The portion sizes were matched with energy (380 kcal). 

Satiety-related sensations were evaluated every 30 min for 210 min. Sensory evaluation 

revealed statistically significant differences within test samples in structural properties. In 

mastication, bread and flake portions required the highest effort (relative mastication work). 

Puffs required the longest time for mastication and the highest number of bites related to weight. 

The satiety response was the highest for puffs, the impact being clear in the beginning of the 

postprandial period. In conclusion, the structure of rye products is associated to satiety 

responses, especially in the early postprandial period. However, this study provides no direct 

evidence that oral processing alone is the mediating factor between the food structure and 

postprandial satiety. 
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During chewing, saliva helps in preparing food bolus by agglomerating formed particles and 

initiates food enzymatic breakdown. However, limited information is actually available on the 

adaptation of saliva composition during oral processing of complex foods, especially for foods 

that are sensitive to salivary enzymes. We addressed this question in the context of starch–based 

products and salivary alpha-amylase. The objectives were two-fold: 1) determining if salivary 

alpha-amylase secretion can be modulated by bread type and 2) evaluating the contribution of 

the oral phase in bread enzymatic breakdown. 

Mouthfuls of three different wheat breads (industrial, artisan and whole breads) were chewed 

by twelve subjects. Saliva samples were collected at rest and at different times corresponding 

to 33, 66 and 100% of individual chewing sequence. Alpha-amylase activity and total protein 

content were determined for all saliva samples collected. Moreover, salivary maltose 

concentration was measured as a marker of bread enzymatic digestion. Boluses were collected 

at swallowing time (100% of chewing sequence) in order to evaluate saliva uptake. 

Chewing industrial bread induced higher saliva uptake than the other breads, despite a similar 

chewing duration. Evolution of salivary amylase activity tended to depend on the type of bread 

and was highly influenced by inter- and intra- subject variability. Proteins and maltose 

concentration steadily increased during chewing, as a result of bread breakdown. Salivary 

protein concentration was mainly affected by the release of breads water-soluble proteins. 

Salivary maltose concentration was found to be significantly lower for the whole bread. When 

considering the weight of mouthful, enzymatic breakdown was found to be the most efficient 

in industrial > artisan > whole breads. 

These results suggest that 1) variation of bread properties have limited impact on amylase 

secretion indicating that salivary adapting process does not occur in this case and 2) differences 

in enzymatic breakdown between breads are already observed during the oral phase of 

digestion. 
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Vitamins are a group of organic compounds essential in limited quantities to maintain 

homeostasis, development and health. Humans are unable to synthesize significant quantities 

of the 13 vitamins and therefore they must be sourced from the diet. However, modern diets 

often do not provide sufficient quantities of vitamins and consequently deficiencies are 

common. Saliva is a multifunctional biofluid secreted into the oral cavity, it has been 

demonstrated to contain vitamin-binding proteins for vitamins A, B12, D and E. The salivary 

functions of these proteins are yet to be determined, however they may aid the recovery of 

vitamins from the diet. 

Paired unstimulated whole mouth saliva and starved serum samples were collected from healthy 

volunteers. Vitamin-binding protein concentrations in both serum and saliva were determined 

by enzyme-linked immunosorbent assay  (ELISA). Corresponding vitamin ligand 

concentrations were measured using an immunoassay analyser (Architect analyser). 

Associations were identified between salivary vitamin-binding protein and serum vitamin 

concentrations. The data also suggests local expression of vitamin-binding proteins by salivary 

glands. 

This is the first study to our knowledge which determines a relationship between salivary and 

serum vitamin-binding protein concentrations and systemic vitamin status. Local expression 

and secretion of vitamin-binding proteins by the salivary glands is suggestive of a function 

within the oral cavity, such as in aiding vitamin absorption.   
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In this study, relationships between degree of hydration and in vitro starch digestion by different 

particle sizes (semi-wet (76㎛) and dry (34, 81, 146㎛)) were investigated. The 

physicochemical properties such as water holding capacity (WHC), scanning electron 

microscopy (SEM) and simulated in vitro digestibility were measured. As results, the rice flour 

with the smallest particle size (34㎛) absorbed water most over time up to 18h, suggesting an 

increased specific surface area and resulting in a higher water absorption. The surface 

microstructure of 18h hydrated rice flour showed the bigger hole and softer cell walls through 

SEM. When cooking without hydration in the digestibility model, there was no difference in 

the amount of glucose produced in accordance with the different particle size, indicating that a 

limited water adsorption gave no impact on digestibility. However, when sufficiently hydrated, 

the rice flour with the smallest particle size showed the highest hydrolysis rate (p<0.001). In 

conclusion, the degree of hydration is directly related with the hydrolysis rate of starch. 

Therefore, the ingestion of starch food under different hydration condition may affect to change 

the level of blood glucose in human body.   
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Eating rate has been identified as a modifiable risk factor for obesity, but researchers often fail 

to consider eating rate as a feature of the foods we consume.  ‘Faster’ foods are eaten quickly 

in larger bites and fewer chews, which promotes higher energy intake.  ‘Slower’ foods have 

harder/chewier textures, require more mastication and lead to lower energy intake.  In two 

studies we investigated a novel strategy to reduce energy intake by (i) quantifying how natural 

variations in food texture influence eating rate, expectations of fullness and the microstructural 

patterns of eating and (ii) exploring whether food-based differences in eating rate and energy 

density interact to determine calorie intake. In study one, Singaporean participants (N=12) were 

web-cam recorded while consuming 50g of 47 different local foods, varying in energy density, 

macronutrient content and sensory properties.  Eating behaviours were coded to reveal a wide 

variation in eating rates across the foods (10-120g/min) and within food categories.  For 

example, different forms of rice ranged from 16.8g/minute to 120g/minute.  Overall, foods that 

were consumed faster were expected to be less filling (-0.77, p<0.001).  Study two utilised these 

differences to test whether texture could be used to slow down eating rate and reduce energy 

intake from a higher and lower energy dense version of the same meal.  Participants (N = 60) 

consumed four equally liked rice porridges combining two levels of eating rate (thin/less chewy, 

74 g/min vs. thick/more chewy, 140 g/min) and energy density (0.57 kcal/g vs. 1.01 kcal/g) for 

breakfast over 4 non-consecutive days.  Participants ate in response to the textures served, 

consuming less (g) of the thicker, chewier textured breakfasts, which were eaten slower and 

expected to be more filling.  Total caloric- intake was further influenced by energy density, 

with participants consuming the least calories when the porridge was thick and lower 

energy.  These results are the first to highlight the independent and combined effects of texture-

based differences in eating rate and food energy density, on meal size.  These data emphasise 

the potential opportunity to use hedonically equivalent food textures and reduced energy 

contents to reduce the likelihood of energy overconsumption. 
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Orosensory exposure (OSE) is important in the regulation of food intake. Texture and taste 

determine OSE but their individual contribution to satiation is unknown. The objective was to 

determine the effect of concurrent manipulation of texture hardness and taste intensity on 

satiation. Increasing chewing duration through hardness and taste intensity by sweetness was 

hypothesized to lower food intake. Subjects participated in a 2x2 randomized cross-over study 

in which they ate ad libitum of one of four gel-based model foods during four lunch visits. 

Model foods differed in chewing duration (hard or soft texture) and sweetness (low or high 

intensity).  Model foods were matched on caloric content, flavour and palatability. Thirty seven 

subjects (23±9 y, BMI 22±2 kg/m2) were included for preliminary analysis. There was an 

overall significant effect for texture (p<.001) but not for sweetness (p=.605) on intake. Average 

intake was 143.1±40.9 gram for the hard model foods and 192.6±41.5 gram for the soft model 

foods. This 29.5% difference in intake was significant (p<.001). No interaction between texture 

and sweetness was found and adding palatability to the model did not affect the results. These 

results show that increasing texture hardness decreases food intake independent of sweet taste 

intensity. Therefore, chewing duration rather than sweetness appears to be the main orosensory 

determinant of food intake.  
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Eight samples using free-fat yogurt as basic component were formulated. Four of them were 

prepared without starch (L- samples) and four had added starch (C- samples). Three types of 

pineapple particles were added: a) fresh pineapple purée (samples +PP), small cubes of fresh 

pineapple (samples +PF), and small cubes of lyophilized pineapple (samples +LP). Each kind 

of particle was added either to L yogurt (samples L+PP, L+FP and L+ LP) or C yogurt (samples 

C+PP, C+FP and C+LP). 

A total of 98 consumers evaluated the expected satiety capacity (ESC) elicited by the eight 

samples and described the sensory characteristics of each yogurt using a CATA question 

(Check all that apply). Multifactorial Analysis (MFA) and Penalty Analysis were conducted to 

explain the differences in ESC among the yogurt samples and to determine the attributes that 

increase or decrease it. 

Results indicated that starch addition (more consistent) increased the ESC mean values 

regardless the pineapple particle added. This could be attributed to more extensive in-mouth 

handling due to consistency and mouth coating sensing required by these yogurts. 

Second in importance for higher ESC perception was the presence of lyophilized pineapple 

cubes which also required more laborious in-mouth handling (including some chewing) before 

swallowing. The addition of small cubes of fresh pineapple produced the lower effect on ESC’s 

evaluation. The samples made of pineapple purée were perceived as unpleasant both in terms 

of texture and flavour and were scored as the least satiating; these results suggest that hedonic 

perceptions influenced the ESC perception. 

The attributes more related to ESC were principally those associated with yogurt texture 

(creamy, mouth coating, consistent, dense, it fills me a lot, fatty, thick and homogeneous) and 

others related to the fruit added as texture well-integrated or pleasant fruit particles. 

The results of the present work highlighted the role of food oral processing in the elicitation of 

ESC perception primarily attributed to the thickness of the yogurt base but also importantly to 

the influences of fruit pieces texture. 
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Considering “textural complexity” as a food parameter is a relatively new concept in the study 

of oral processing.  We have defined complexity as “the number of different texture attributes 

perceived from first bite to the point of swallow” and quantified it for gel based model foods 

using instrumental and sensory measures. 

Current literature suggests that food texture has an effect on satiation but frequently couples 

changes in texture with changes in eating rate, bite size and oral processing time. This current 

study has created effective gel-based solid foods with “built-in” levels of textural complexity, 

and identical energy density and oral processing time. The aim of this study was to investigate 

if texture has a direct effect on satiation. 

The “textural complexity” of the food models was quantified through puncture tests coupled 

with sensory evaluations (descriptive sensory analysis and temporal dominance of sensations). 

Additionally, oral breakdown pathways explored at 20%, 40%, 60%, 80% and 100% of the 

chewing cycle provided further information about sensory perceptions during mastication. 

More complex foods generated puncture curves with a significantly greater number of peaks (p 

< 0.05) and longer lengths (p < 0.05). A greater number of textures were sensed during 

descriptive sensory analysis, and more frequent changes in dominance also related to higher 

complexity.    

Satiation trials were designed as random cross-over trials, using questionnaires of appetite 

ratings coupled with a two course ad libitum meal following preload with the model foods. The 

results show that subjects who consumed more texturally complex model foods ate significantly 

less of the subsequent ad libitum meal (p < 0.05). This effect was repeated across two separate 

trails. 

The results of the current study indicate that the additional sensory stimulation during 

mastication of texturally complex foods may make significant contribution to the satiation 

response independent of oral processing time. This could potentially be used as a tool to develop 

food with enhanced a satiation response to contribute to decreased food intake. 
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In this research, physicochemical changes of apigenin-loaded W/O/W emulsions were 

investigated as they passed through simulated digestion stages, and confirmed bioavailability 

by in vitro release and an in vivo pharmacokinetic study. 

Initially, apigenin-loaded emulsion prepared with orange oil and Tween 80 was shown to have 

smaller particle size than the other samples, which suggests that it was more effective at 

producing small droplets during homogenization. After passing through the mouth phase, there 

were few significant changes in the mean particle size with the exception of the orange oil-

Tween 80 emulsion. When the emulsions passed from the simulated mouth to the stomach 

stage, the mean particle size of the emulsions changed, except for the soybean oil-Tween 80 

emulsions. The largest changes in mean particle size were observed when the emulsions moved 

from the simulated stomach to the simulated small intestine, when the mean particle size of all 

the apigenin-loaded emulsions and apigenin suspensions decreased. 

The in vitro release of apigenin from W/O/W emulsions under digestive conditions was 

investigated using a dialysis method. The extent of released apigenin in the emulsions was as 

follows: soybean oil-Tween 80 emulsions < soybean oil-PGPR emulsions = orange oil-PGPR 

emulsions < orange oil-Tween 80 emulsions. 

The oral bioavailability of apigenin suspension and apigenin-loaded W/O/W emulsions were 

investigated in rats. The peak concentrations in the apigenin suspensions and the apigenin-

loaded emulsions were 43.55 ug/ml and 395.47 ug/ml, respectively, indicating approximately 

nine-fold enhancement of oral bioavailability. 

According to these results, the effect of apigenin-loaded W/O/W emulsions could improve 

bioavailability, and the possibility of its use as a delivery system in food and pharmaceutical 

industries was confirmed. Although it is important to understand the physical changes in 

emulsions as they pass through the digestive tract and are absorbed in the small intestine, few 

studies have addressed this subject area. Therefore, more research about emulsion digestion and 

bioavailability should be performed in the future. 
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There are hidden opportunities for innovation in the area of food design for infants, children 

and the elderly when paired with an understanding of the nuances of their oral processing needs. 

Although at diverse ends of the age spectrum, commonalities and important differences in the 

appreciation of taste, texture, colour, shape and sensation will inform food design for future 

generations. Moving through from infancy, this presentation will dispel oral processing myths 

regarding baby-led weaning, track the development of infant chewing skills and the critical 

need for lumpy solids, and provide insight into food texture temptations for the fussy eater. At 

the sunset end of the age spectrum, specific food texture requirements that help meet nutritional 

targets and avoid choking risk will be discussed. Novel ideas for food development that 

appreciate the impact of polypharmacy in the elderly on dry mouth and taste impairment will 

be shared. Finally, opportunities for innovations in food labeling rating systems according to 

texture, akin to programs like the ‘Health Star’ Rating system for nutritional quality will be 

shared. 
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Oral processing is an important aspect of texture perception and the way a food is broken down 

in the mouth and swallowed is different for different people. Parameters such as chewing 

frequency, chewing time or salivary flow rate affect food breakdown into smaller particles, 

resulting in food boluses with a wide range of physico-chemical properties. These in turn 

determine texture and flavour perception in the mouth as well as during and after swallowing. 

Since mastication is largely a learned behaviour it depends on the type of textures that one 

grows up with. We hypothesised that people in different cultures that grow up with different 

textures have different mastication behaviour and consequently different perception and 

preference of texture. This hypothesis was tested by comparing a group of 100 people born in 

Korea but living in New Zealand with a group of 70 people born in New Zealand and of 

European decent. Participants ranked a set of four types of potato chips (thin, standard, thick, 

kettle) for texture preference and then tested these with a TDS method. They were 

simultaneously video recorded to obtain jaw motion parameters. Afterwards the participants 

self-reported their general chewing preferences with the JBMB® mouth behaviour tool. The 

two groups showed a clear difference in perception and preference as well as differences in jaw 

motion and self-reported chewing and texture preferences. A follow up study is currently 

underway comparing a group of New Zealand born Europeans living in New Zealand with 

Chinese born living in China and includes more physiological parameters (muscle strength, 

mastication efficiency, salivary flow rate). These pilot studies demonstrate how oral processing 

can be included in consumer insight studies and add to the understanding of food preferences 

in different markets. 
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BACKGROUND AND AIMS 

Exposure to foods with different textures is a critical factor to the development of feeding skills. 

Unlike other motor skills such as walking or speech, little is known about the motor 

development of chewing.  The current models of chewing development are descriptive and are 

based on long-standing assumptions about development.  The purpose of this study was to 

describe how different food textures impact mastication behavior during early chewing 

development.  

METHODOLOGY: 

Ten typically developing children in 5 age groups (9-, 12-, 18-, 24, and 36- months) were 

enrolled in this study (ClinicalTrials.gov Identifier: NCT02156986).  Commercially available 

cereal-based products with varying mechanical properties were tested. Jaw movements were 

recorded in 3-dimensions during chewing using optical motion capture and jaw muscle activity 

was recorded using electromyography. Using custom algorithms, we determined product- and 

age-related effects on chewing biomechanics. 

RESULTS AND CONCLUSIONS: 

The results of this study suggest that the children’s age has a bigger impact on mastication 

behavior than products in the range of products investigated. However, some products impacted 

mastication behavior while others appeared to elicit mature mastication patterns in even the 

youngest participants. The varying effects of the products on mastication behaviour is likely 

due to the differing mechanical properties of each product. Understanding the impact of food 

structure on mastication behaviour could assist in determining which products are safe and 

developmentally appropriate for children, as well as better understanding factors of food texture 

acceptance.  
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Eating rate is a behavioural trait that has been shown to be positively correlated with BMI 

during childhood (Llewellyn et al., 2008).  Previous research has identified suboptimal eating 

behaviours that have been linked with an increased risk of being overweight such as eating with 

larger bites, chewing less and eating more quickly (Ochiai et al., 2012).  Little is known about 

the associations between the microstructure of eating and ad-libitum energy intake in Asian 

pre-school children.  Using data from the Growing Up in Singapore Towards healthy Outcomes 

(GUSTO) study, we investigated the association between eating microstructure and energy 

intake during an ad-libitum lunchtime buffet meal in 54 month-old children.  In the second step, 

we explored the correlation between parental reports of child eating behaviours and measured 

eating behaviours during this meal.  Mother-child dyads (N>300; preliminary data on the subset 

of n=160) were presented with an 11 item ad-libitum buffet lunch during which the child was 

free to select their food type and portion.  The meal was video-recorded and objective measures 

of eating behaviour parameters were extracted using behavioral coding analysis (using ELAN 

4.9.2 software), with validation by a second trained coder.  The derived microstructural patterns 

of eating measures included eating rate (g/min; kcal/min), average bite size (g/bite), chews per 

bite and total oral exposure time.  Preliminary results showed that children who ate faster during 

the ad-libitum buffet tended to consume more energy (p<0.05).  Preliminary analyses of the 

microstructural patterns of eating revealed that a faster eating style was achieved through larger 

average bite size, with fewer chews per bite and lower total oral exposure time.  Findings also 

showed that microstructural eating parameters were correlated with specific sub-scales of the 

Children’s Eating Behaviour Questionnaire (CEBQ), providing for the first time in this 

population, a link between parental reports of child eating behaviours and empirical data on 

measured behaviours.  These findings will be discussed in the context of the development of 

unhealthy eating behaviours in pre-school children, implications for weight gain during 

childhood and potential intervention opportunities that could be used to promote healthy eating 

habits through slower eating. 
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Healthy feeding development in infants includes the progression from an entirely milk based 

diet to one based on a variety of solids foods.  The first solid foods usually take the form of 

infant cereal or purees, with a gradual progression to lumpy textured foods which require 

chewing, and finally including family foods throughout the second year of life.  The ability to 

eat food with textures more complex than purees is dependent on both the experience of 

chewing and the development of coordinated oral motor skills.  Research has shown the 

importance of introducing intermediate textures that offers more complexity than pureed foods 

to assist in future acceptance of a wide range of foods, yet these intermediate foods have been 

limited within the US baby food category.  The objective of this research was to investigate the 

impact of a range of lumpy food textures on the number of chews and chewing duration within 

children ages 8-24 months.  197 children were videotaped being spoon fed fruit or vegetable 

blends or a reconstituted baby cereal with a range of textures by their parents.  Each video was 

coded for number of chews per spoonful and residence time in mouth of each spoonful and 

parents were asked to provide a child liking score and Just About Right (JAR) score for product 

texture for each sample. Observations across 13 fruit and vegetable products showed that adding 

diced fruit or vegetables affected both number of chews (increase in 1.2 chews per spoonful) 

and time in mouth (increase of 1.4s per spoonful).  Similar results were seen with infant cereal 

on both measures as the textures increased in complexity with added fruit flakes and 

pieces.  Child liking and texture JAR scores trended higher for all products with increasing 

texture complexity.  It was shown that product design can promote chewing practice.  
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Muscular stimulation mediated through occlusal function seems to play a significant role in the 

coordinated development of facial structures. The first muscular aspect arises when the baby is 

seated: the force given to chew occurs thanks to the muscles of the back. Then the masticatory 

muscles enhance more bite forces. Practicing daily tough and solid food may adjust the balance 

of the mandible that gives rubbing effects between the dental arches. Without any muscular 

stimulation the teeth keep their sharp aspect; a dental disharmony appears. As a consequence, 

the main effect of weak masticatory forces leads to presumably more malocclusion. 

Now it is useful to investigate a few key elements of the TMJ and more precisely the glenoid 

cavities of the temporal bones depending themselves on the remodeling of the cranial base. At 

the starting point of the masticatory function, there exists a kinetic capacity thanks to a specific 

configuration of the TMJ: the mandibular condyle can move under the temporal condyle to 

initialize dynamic lateral excursions. Nonetheless the cranial reshaping demonstrates a big 

variability of remodeling which we highlight via statistical analysis of cephalometric variables. 

As a result, the alternate capacity to chew with lateral movements belongs to specific kinetic 

capacities in relation with the basicranium. Thanks to these capacities, lateral slidings allow the 

closure of the gonial angle in order to increase the efficiency to chew while tough food is given. 

Consequently if there is a reduction of the lateral excursions, no activity is exerted in the 

temporomandibular ligament, the sphenomandibular ligament and the lateral pterygoid muscle: 

the configuration of the TMJ does not suit the masticatory function. 

Food Oral Processing seems to take a crucial place in facial growth. Since the primary dentition, 

the delivery of bite forces seems to have positive or negative effects on the dentofacial harmony 

depending on chewing respectively hard or smooth food. Little bite forces provided by 

“civilized” man’s refined diet could cause local factors of malocclusion.  Nonetheless we must 

take in account the cranial pattern: the reduction of masticatory abilities could be the result of 

new developmental reshaping of the basicranium. 
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The purpose of this presentation is to question what most people consider normal and beautiful 

“children smiles.” Are those mouths ready to receive permanent dentition? If so, why are 

malocclusions indices so high? Or could those “beautiful smiles” be dysfunctional and fail to 

thrive? Is there any relation to oral functions, especially food oral processing in the first year of 

life? 

Many kinds of morphological malocclusions, such as anterior and posterior crossbites or 

anterior open bite caused by sucking habits etc, are well described in the literature. The 

prevalence of malocclusions in modern populations is about 40% to 80%. (Evensen & Øgaard, 

2007) 

However some aspects of development have not been understood as a problem, because the 

morphological aspects aren’t so evidenced. For instance, crowding is not seen as a 

malocclusion, especially in deciduous dentition. But we know that around 89% of the subjects 

with crowding in the early mixed dentition also have crowding in the permanent dentition. 

(Sayin & Türkkahraman, 2004) And this crowding is probably caused by a lack of growth in 

the first years. But why have these children not grown enough? 

One of the possible answers can be found in the masticatory system. Children with low 

efficiency or low demand for food processing (soft diets) have their development harmed.  For 

example, are the canine contacts properly stimulated in lateral movements in a 24-month child 

when crushing her food? What about first molar contacts?   

So, how could we diagnose and improve child development from birth? We need research 

unifying many professional specialties to solve the question. 

There is plenty research on masticatory efficiency, muscle movements, jaw reflex and 

neurological commands, as well as on malocclusions. However, there is a lack of studies 

relating teeth contacts in functional movements, as well as a lack of evaluations on the 

masticatory efficiency and growth, especially in the first years of life. (Le Reverend et al, 2014) 

For children with poor teeth contact at functional movements (and clinically identified with 

masticatory problems) we neuro-occlusal rehabilitation pediatric dentists can improve it by 

changing their smiles into “beautiful, functional and huge smiles.” 
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Within next 15 years, nearly 25% of EU population will be aged over 65 years. With ageing, 

weakening of physical capabilities together with reduced saliva secretion tends to cause 

difficulties in food manipulation. An immediate effect of such eating difficulty can be reduced 

food intake, resulting in increased risk of malnutrition and, possibly, reduced quality of life.  It 

is therefore important to investigate ways of identifying eating capability both through 

quantitative measures of strengths as well as qualitative measures of perceived difficulty and 

liking. In addition, food structure can also affect the oral processing behaviour and the difficulty 

perceived. Therefore, this study aims to examine the relationship between various objective 

measures of eating capability and perceived difficulty of processing foods and gels (varying in 

their structure and mechanical properties) in elderly subjects. Eating capability (EC) tests were 

conducted on 30 elderly subjects (mean age 79 + 9.4 years)  using non-invasive objective 

techniques (hand gripping force, tongue pressure, biting force, and hand dexterity) together 

with frame-by-frame video recording analysis of chewing and swallowing of food stimuli 

subjective ratings of eating difficulty and liking of each item. The EC scores were computed to 

grade the elderly population into three different groups. Stimuli were classified into two 

categories: food products and flavourless mixed biopolymer gels (κ-carrageenan and Na-

alginate, with structural inhomogeneity being introduced by incorporation of Ca-alginate 

beads). Eating capability (EC) was correlated with age. Bite force differed by EC group, and 

was significantly different by dental status [F(3,4.26)=3.842, p=0.022], and influenced both 

liking ratings and number of chews. The food hardness was significantly correlated with the 

number of chews (r=0.915, p= 0.01). For gels with similar hardness, degree of 

structure influenced oral residence time. Oral residence time was significantly correlated with 

number of chews, liking and difficulty perceived. In summary, the dental status and bite force 

of elderly population are key in determining EC. Furthermore, structuring defects in gel based 

food can be a novel design strategy for future food for certain elderly groups. 
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Age related issues with eating food will continue to increase with ageing populations around 

the world. These include difficulties in chewing and swallowing food, loss of appetite, and 

reduced palatability due to the decline in taste and smell as well as absorption of micronutrients. 

In this research we are looking to develop new textured foods, specifically designed for the 

elderly population, and determine the relationship between food structure, oral processing and 

sensory perception; and how microstructure dis-assembly impacts on digestive behaviour and 

biological function. Red meat is one of the best sources of protein and iron, however the quality 

of the meat and how it is prepared and cooked often determines if the meat can even be 

consumed safely by an elderly person. One process that has been used to tenderise tough cuts 

of meat is to mince the meat into small particle sizes, which breaks down the muscle fibres and 

connective tissue into smaller random pieces thereby destroying the fibrous structure of the 

meat resulting in tenderisation.  The purpose of our study was to systematically develop a range 

of restructured meat products based on different ratios of minced meat and beef paste 

(emulsions) with alginate (cold-set) as a binder to form restructured steaks with different 

microstructures. The influence of product structure on instrumental measures of texture and 

sensory texture, oral breakdown, bind strength, and cook loss were investigated. Samples were 

also subjected to in-vitro digestion and the digesta were assessed for nutrient transport and 

absorption as well as physiological functions. The results show that as the percentage of minced 

meat was increased, the product became softer measured both by texture analysis and sensory 

texture perception, had lower cook loss and was perceived to be increasingly moist. These 

results show that control of meat particle size can change the product microstructure and 

influence how moisture is bound and released in the meat matrix. The impact of these changes 

in meat microstructure on perceived sensory attributes, the ease of mastication and the rate of 

digestion will be discussed. The findings from this research will give insights into how meat 

that can be too tough to eat for some consumers could be processed and the particle size 

manipulated to produce meat products with microstructures that are easy to chew and safe to 

swallow with improved digestibility. 
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Introduction 

A considerable proportion of elderly people are edentulous. Complete dentures especially in 

the mandible are considered insufficient in terms of oral food processing, because they are 

lacking stability.Aim of this study was to identify the degree to which parameters of oral food 

processing are influenced by stabilizing a mandibular overdenture with two immediate-loaded 

dental implants. 

 

Material and Methods 

30 subjects (9 female, mean age 69.07 ± 8.76 years) who participated in a randomized clinical 

trial were included in the study. Each patient was examined three times: 

a) at baseline, with the existing complete dentures (T1) 

b) after having worn new complete dentures for three months (T2); 

c) after an adaptation period of three months with the overdentures on the implants (T3). 

Examination comprised assessment of masticatory performance with artificial test food 

(Optocal), and simultaneous bilateral surface EMG recording of the masseter and anterior 

temporalis muscles. Oral health-related quality of life (OHRQoL), and dietary limitation was 

measured at T1, T2, and T3 with a standardized questionnaire. 

Particle-size distribution (representative value X50), EMG activity at maximum muscle 

contraction (MVC), and total muscle work (TMW; area under the curve) were compared by use 

of repeated-measures analysis of variance (ANOVA). The results of the questionnaire were 

compared with non-parametric (Friedman) tests. The level of significance was set at p=0.05. 

Results 

Masticatory performance improved significantly after an adaptation period of three months for 

both treatments (3.8% with complete dentures and 10.7% with overdentures). The TMW and 

MVC increased significantly with the adapted overdentures (39.0% and 57. 3% respectively), 

but not with new complete dentures. OHRQoL improved significantly with each treatment 

(41.1% with complete dentures and 49.8% with overdentures). The dietary limitation was 

significantly improved for most food types with the implant retained overdenture (overall 

improvement 12.5%). 

 

Conclusion 

Implant retained overdentures improve most variables of oral food processing, even after a 

relative short period of adaptation. The type of prosthodontic restoration should be taken into 

account for the assessment of oral processing parameters. More research is needed in order to 

specify the parameters more sensitive to change of denture retention. 
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Objectives: The frequent instability of mandibular removable complete dentures causes an 

alteration of mastication. An innovative therapeutic strategy involves placing four symphyseal 

mini implants. This study aimed at assessing the development of masticatory parameters and 

the impact on quality of life in subjects that underwent this procedure. 

Methods: Eleven edentulous subjects (mean age 72 ± 11 years) with unstable mandibular 

complete dentures were followed-up before (T0) and two - three months after (T1) mini implant 

setting. Physiological parameters (number of cycles, duration of sequence and frequency of 

mastication) during the mastication of food models and the bolus median particle size (D50) of 

carrot were evaluated at each time. Quality of life was assessed at T0 and T1 using the Global 

Oral Health Assessment Index (GOHAI). Parametric tests were used to test relationships 

between mastication, quality of life variations and mini implant setting, and to compare each 

parameter mean value at times T0 and T1. 

Results: More subjects were able to chew carrot after setting the mini implants (8 subjects 

compared to 4 at T0). This improvement was accompanied by changes in kinematic parameters 

when chewing any sort of test food, and by an increase of their quality of life. However, the 

particle size values observed in the bolus remained higher than for normal dentate subjects (9.2 

± 2.8 mm). 

Conclusions: These results indicated that the stabilization of the mandibular denture with 

implants improved masticatory function and quality of life of full denture wearers. 
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Functional masticatory activity is the result of complex neuro-motor coordination of oral 

elements participating in food management and bolus formation. Mastication is thus normally 

governed to prepare a food bolus that must be softened, cohesive and plastic enough to be safe-

swallowed. In elderly population, masticatory function often presents failure in accomplishing 

some oral tasks due to oral impairment such as loss of muscular force, decrease in jaw and 

tongue motility, decline in neuro-muscular coordination, tooth damage, malocclusion or 

decrease in saliva production. Moreover, a great disparity is observed in the various oral 

declines appearing with ageing, which may also be cumulative. Such difficulties would have 

an impact on food consumption and nutritional status. For a deeper understanding of 

consequences of several oral shortcomings, properties of swallowable bolus were examined in 

vitro with the masticator apparatus AM2. 

The AM2 masticator apparatus was programmed to perform several deficient mastication, 

tested alone or in combination, and at different levels: force loss, motility loss, absence of 

saliva. Food bolus properties of poultry meatballs were assessed after in vitro mastication with 

these programming. Particle size distribution was measured by sieving and rheological features 

were assessed with a texture profile analysis (TPA) test. Bolus particle size, hardness, 

cohesiveness and elasticity were examined in link with the specific injury conditions (force or 

motility decline or loss of saliva production). 

Significant changes in food fragmentation, hardness, cohesiveness, and elasticity of bolus were 

observed in the various oral deficiencies. Gradual deterioration in bolus characteristics was 

associated with a decrease in masticatory force, oral elements motility or lack of saliva secretion 

during bolus formation. Combination of several failures led to greater or cumulative defaults in 

properties of the swallowable bolus. 

For elderly population presenting high prevalence of various oral injuries, tailoring textured 

food taking into account these failures becomes a duty to balance deficiencies and favor 

formation of a safe-swallowable bolus, vector of nutrients. These results provide usable data to 

design food supply since identification of oral injuries is a requisite knowledge to develop diet 

strategies, including nutritional items, for this specific and heterogeneous population. 

* Supported by ANR-14-CE20‐0003 (AlimaSSenS Project) 
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Oral health changes with ageing and sometimes, eating food can be a real challenge. One of the 

solutions could be to give food with modified texture: pureed ground or even reconstituted 

meat. This solution is not necessarily adapted to all oral health problems encountered by the 

elderly, and food could be perceived as uncomfortable.  

The aim of the present study was to understand why some foods are considered as comfortable 

and some others are not, and if the judgment of comfortability is linked to oral health. 

39 elderly people, half with a good oral health - no missing teeth except third molar, at least 7 

posterior dental occlusions and no denture - and half with a poor oral health - less than 5 

posterior dental occlusions - were recruited. These subjects tasted six meat products differing 

by their origin and texture: a ground and a plain beef, beef cheek, chicken aiguillette, 

reconstituted chicken aiguillette and chicken balls. For each product, the elderly subjects had 

to complete a new questionnaire designed to evaluate food comfortability through the following 

dimensions: the easiness to eat the peice of meat, the action needed to masticate and swallow, 

the potential pain felt during tasting, and the intensity and the embarrassment of texture and 

flavor descriptors. 

The results showed that the developed questionnaire allows discriminating food matrices and 

showing that comfortability of food consumption can be defined by texture, potential pain felt 

during tasting, or even the action needed to masticate and swallow. The influence of oral health 

on food comfortability will be discussed. 
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Firstly, the Nursing Home is a place to live for our seniors. Each day, the quality of life in this 

place must be preserved, especially the pleasure of eating, despite of the risk of swallowing 

disorders. Actually, this aspect is not totally followed by our institutions. Indeed, a  multi-

disciplined approach should be established to enhance the residents’ eating and their pleasure. 

The aim of this project was to create a consortium of experts in different skills to enhance the 

quality of life for senior residents. 

The committee of experts was consisted of doctors, dentists, dieticians, speech therapists, and 

a chef. The workforce is involved to increase the pleasure of the residents. In the kitchen, recipes 

are being developed to prevent choking hazards and to maintain the distinct taste and identity 

of the food. With regard to caring, efficient swallowing screening, residents’ autonomy for 

feeding and oral hygiene is being organized. 

Altogether, they are creating new concepts, to stimulate swallowing and reduce the choking 

risks.  Stimulation concepts are based on the enhancement of the sensorial stimuli to increase 

brain activity thus triggering the swallowing response earlier and protecting the respiratory 

airways.  Security criteria are based on the International Dysphagia Diet Standardisation 

Initiative Framework. All workers from each Nursing Home are involved in this project: Chefs 

contribute to professionalize this new cuisine. In parallel, the experts gave a lot of advice to the 

serving personnel to maintain the residents’ autonomy and to introduce the new dishes. A 

training course for caregivers and nurses was organized to improve the screening of oral 

diseases and the management of oral hygiene. 

The impact of this preventive healthcare will be observed throughout 2016 in 9 Nursing Homes 

(5 Homes in the treatment group and 4 Homes in the control group). The residents’ enjoyment 

of dining is assessed, the residents’ opinions and those of the personnel are recorded; the amount 

of uneaten food is weighed. Malnutrition, asphyxiation and pulmonary complications are 

observed. Early indications are showing important changes: less mixed food on the table, and 

greater autonomy among the residents. In conclusion, this multi-disciplined project is a 

humanist concept which could be a new way to improve the everyday living of the elderly. 
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To develop Food Oral Processing (FOP) and increase its impact in the food industry, defining 

a target sensory property or eating behaviour and design bottom-up food structures meeting the 

set target should be demonstrated. In order to achieve this goal, a set of methodologies, either 

experimental; human or lab based; or numerical; from simple calculations to fully fledged 3D 

models have been developed and are still developing in academic and industrial research 

laboratories. 

In this presentation, we will cover aspects of designing sensory attributes of food products based 

on the understanding of oral physiology and biophysics. We will present cases of numerical 

models predicting food perception in real solid and liquid food systems. Those models contain 

empirical variables which are derived from experimental data and are validated against human 

sensory data to propose mechanistic understanding of the underlying phenomena. We will also 

show that modelling can also be qualitatively useful to build experimental and sensory setups 

used in FOP research. 

Using those model cases should demonstrate the need for future research in all compartments 

of FOP research, from physiology to behaviour with the final goal of sensory driven food 

prototyping. 
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The jaw opening and closing muscles play key functional roles during chewing by positioning 

the teeth and generating the occlusal forces needed to break down food.  During contraction, a 

bioelectrical signal propagates along the muscle cell membrane that helps coordinate 

contraction within the muscle cell.  This signal can be measured via electromyography 

(EMG).  Food scientist have increasingly adopted EMG as a tool for studying the relationships 

among food textures and oral processing.  Specifically, food scientists have used EMG from 

the jaw-closing muscles as 1) a general measure of food texture, 2) a measure of oral physiology 

(as it changes with food texture), 3) an estimate of muscle force and 4) a measure of muscle 

work.  In this presentation, I consider what the EMG signal can reliably tell us about the timing 

of muscle activation and the relative recruitment of muscles during feeding.  I also consider 

how these physiologically-relevant data are potentially impacted by other biological factors, 

such as muscle leverage, bite point and variation in age, as well as issues related to experimental 

setup and data collection.  Finally, I reinforce the well-accepted observations in the 

physiological literature that EMG cannot accurately demonstrate absolute muscle force and 

cannot provide estimates of muscle work during feeding or other behaviors.  Through this 

review of EMG methods, I hope we can continue establishing EMG as a useful tool in 

understanding how foods and oral processing interact during feeding.  
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A piece of chocolate experiences significant physico-chemical changes between the first bite 

and final swallow. These changes are clearly linked to the enjoyment we perceive eating a piece 

of chocolate. Thus, gaining insight into the eating journey from the chocolate’s point of view 

will be beneficial for confectionary manufacturers to understand the link with sensory panel 

and consumer data. This presentation will provide recent insights into the physico-chemical 

changes during oral processing of chocolate and how mouthfeel perceptions may be explained 

by these.   

Chocolate represents a fat based composite material with inclusions of sugar, cocoa particles 

and in the case of milk chocolate also milk powder. The fat matrix is mostly composed of cocoa 

butter with a small percentage of added surfactant. Following ingestion, in contact with saliva 

while being mechanically processed by teeth and tongue, chocolate melts and appears as an oil-

in-water emulsion upon expectoration and microstructure analysis. Non-melted intact bits of 

chocolate are also found in the expectorate. From experience we know that different chocolates 

generate different mouthfeel, some may feel as more mouth coating, rougher, faster melting, ... 

than others. We have analysed oral processed chocolate for microstructure, bulk and interfacial 

composition of the in-vivo processed emulsion, and friction properties utilising microscopy, 

Raman spectroscopy, SDS page and tribology. Different chocolates show their unique 

fingerprint. Based on the analytical data we have developed models of oral processed chocolate. 

We will demonstrate that, despite the absence of saliva in the model, their friction properties 

reflect the behaviour of the expectorated samples. This research shows promising results in 

view to understanding the texture properties of chocolate and highlights material or ingredient 

properties to be considered in reformulation for texture experience, or reformulation without 

compromise of texture experience.  
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Characterizing the dynamics of food oral breakdown is of interest to understand the temporal 

perception of food products. Several studies aimed at characterizing bolus properties through 

the determination of particle size distribution, saliva uptake and rheological properties. For soft 

and heterogeneous foods, it is difficult to have a description of the evolution of food breakdown 

in the mouth, because the concept of individual particles is not clear and the bolus texture is not 

always homogeneous. For this reason, it is convenient to examine the possible utilization of 

other analytical techniques. The present work aimed at studying the possible contribution of 

artificial vision for studying bolus formation. 

Four emulsion-filled gels were prepared from two concentrations of agar and gelatin. By 

combining two different layers of these gels, four samples of homogeneous composition and 6 

samples of heterogeneous composition were prepared. The layers were colored independently 

in order to study their breakdown and mixing during oral processing. Images of spat out boluses 

were collected at different stages of the chewing process and studied by different image analysis 

methods: grey-level histograms, histogram of shape area, mathematical morphology and grey 

level co-occurrence matrix. 

Methods were compared for their ability in discriminating boluses as function of homogeneous 

gel composition and mastication time. Three methods were found to be relevant and 

mathematical morphology provided the best results. Using this method, we further analyzed the 

impact of heterogeneous gels composition on the evolution of boluses image properties. Results 

showed that when two gel layers of different composition were combined, the agar layer 

dominated bolus properties and that the presence of gelatin impacted the dynamics of gel 

breakdown. The results were in agreement with results obtained previously when characterizing 

the physical properties of the boluses. This study showed that artificial vision provides reliable 

tools for evaluating the dynamics of bolus formation, which is complementary to the methods 

commonly used in literature while avoiding extensive manipulation of boluses. 
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There is an increasing awareness of the link between food breakdown during mastication and 

its nutrients release and absorption in the gastrointestinal tract. The disintegration of food 

structure during oral processing is determined by multiple factors, including not only the 

mechanical strength of the food matrix itself but also people’s adaptation of their chewing 

behaviour and preferred swallowing thresholds. Our previous study demonstrated the impact of 

the structure and physicochemical properties of bread on people’s oral processing behaviour. 

This study aimed to understand the impact of individual eating behaviour and oral physiology 

on their mastication of both western and oriental types of bread. A group of 20 subjects with a 

range of mastication efficiency and salivation efficiency was screened and selected from a total 

of 50 participants. The dynamic mastication behaviour of each subject was measured in real-

time using both surface electromyography (sEMG) and motion capturing system. Their 

dynamic texture perceptions along the chewing process were assessed using temporal 

dominance of sensation (TDS) analysis. Bread boluses were collected at the swallowing point, 

as well as the 1/3 and 2/3 of the total number of chewing cycles required to reach the swallowing 

point of each individual subject. The collected boluses were quantified for their moisture 

content, rheological properties and particle size distribution. Saliva impregnation rate during 

eating was estimated based on the change of moisture content of boluses. The design of this 

study allowed a relatively comprehensive characterization of four key aspects of oral 

processing, i.e. electromygraphics, kinematics, texture perception and bolus formation, in a 

dynamic manner. Results of this study provided new insight in the possibility to design bakery 

products catered to different groups of consumers.  
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Consumption of fluid and semisolid foods relies mainly on tongue movements, tongue 

compression, and food dispersion. While various methods can measure muscle and jaw activity 

during oral processing, developing a technique that measures tongue movement has proven 

more difficult. The purpose of this study was to establish a methodology to measure tongue 

movement in vivo during food consumption in real time. Electromyography (EMG) and three-

dimensional jaw tracking equipment were modified to simultaneously measure facial muscle 

activity and tongue movement. Muscle activity was recorded by affixing electrodes to the left 

and right superficial masseter, anterior temporalis, and anterior digastric muscles. A small 

circular magnet was attached to the tip of a panelist’s tongue using a periodontal tissue adhesive 

and tongue movement (anteroposterior, vertical, lateral, vertical rotation, and lateral rotation) 

was recorded while panelists consumed dairy-based fluid and semisolid food products. Three 

dimensional jaw movements and muscle activities were recorded during a separate session 

using the same food products and aligned with tongue movement. Rotation of the tongue during 

oral processing prevented precise measurements of vertical and lateral tongue movements. 

Thus, data correction was used to separate tongue rotation from translational tongue movements 

in three dimensions. Total time of consumption, tongue and jaw movement patterns, muscle 

activities, and chewing and swallowing frequencies were determined. Total tongue, muscle, 

and jaw movements and oral processing time increased with increasing sample thickness and 

textural complexity. This methodology allows for measurements of tongue movements during 

oral processing of fluids and semisolids. Understanding the relationships among dynamic 

texture, taste, and flavor perception and oral processing can aid in the design of healthier food 

products, foods for specific consumer segments, and foods for those suffering from dysphagia. 
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Introduction 

The soft meals made of jelly are often provided for the dysphagic patients. They are ingested 

by tongue squeezing which is one of the strategies for food oral processing. However, the 

biomechanics during tongue squeezing had been yet to be clarified in detail. We previously 

reported the tongue pressure generation during squeezing various kinds of gels, and that the 

tongue contacted at center of hard plate initially and the maximum amplitude of tongue pressure 

during squeezing was affected by gel consistency, but the duration was not. In this study, we 

investigated the coordination of tongue and pharyngeal organ i.e. hyoid bone. 

Materials and Methods 

Eight healthy volunteers (9 men, 32.2 +/- 4.3 years) without disturbance of mastication and 

swallowing participated. Tongue pressure during jelly squeezing was measured by a thin sensor 

sheet with five measuring points. Hyoid bone was observed by videofluorography (VF) images 

synchronously. Four kinds of gels were prepared i.e. two kinds of hardness and deformation as 

test samples. Subjects were instructed not to chew but to squeeze 5 ml of gels by their tongue 

and hard palate. The magnitude and duration of tongue pressure and the distance and velocity 

of hyoid movement were analyzed. 

Results 

Tongue pressure appeared at mid-central area initially, and followed anterior and posterior-

central area during squeezing. Hyoid elevated during squeezing and the coordinated movement 

of hyoid and tongue pressure was observed during whole tongue squeezing process. The 

magnitude of tongue pressure during harder gel squeezing was higher than that of softer gels. 

Furthermore, the distance of hyoid movement during harder and less deformable gels also 

larger. 

Conclusion 

During squeezing, the tongue-hyoid complex worked in coordination, and the gel texture 

affected on tongue pressure and hyoid elevation. 
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The role of mastication is to prepare a bolus for safe swallowing. There are a few models 

suggesting the criteria for swallowing to be triggered, one of which is the Hutchings and Lillford 

breakdown model. It is a conceptual model which suggests that the criterion for swallowing a 

bolus is its degree of structure and lubrication. The Swallow Safe model defined deformability, 

slippiness and cohesiveness as key bolus properties required for safe swallowing. Although 

bolus properties have been defined in literature; a quantitative measurement of bolus 

swallowability has not previously been developed. Defining these properties numerically is 

difficult and current instruments used for bolus analysis have limitations. They are usually 

designed to evaluate certain types of food and do not give meaningful results for all stages of 

breakdown. The slip extrusion test was developed in an effort to provide a novel way to 

objectively measure the swallowability of the bolus.  This test was adapted from the squeeze 

test which extrudes paste through a tube as it is pulled through a tube extrusion rig. The test 

measures the force needed to extrude a bolus through a bag imitating the swallowing action of 

a bolus. The bag’s dimensions were designed such that the bolus passes from a larger cavity 

into a narrow tubing as the bag is pulled through a pair of rollers. This mimics the path of a 

bolus being displaced from the larger oral cavity into the pharynx and esophagus.       

A range of model food systems with different rheological properties and hardness were used to 

evaluate the slip extrusion test. The three systems were viscous solutions with varying viscosity, 

gels with varying hardness and particulate systems of varying cohesion. A TA.XT Plus Texture 

Analyser was used to pull the bags through the pair of rollers at a crosshead speed of 20mm/sec. 

Preliminary results show that a greater peak and cumulative force was measured during the 

extrusion of food with increased hardness and less deformability. This test can be used for all 

solid foods and for boluses produced throughout the various stages of oral processing.  
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Introduction: Chinese consumers’ attention shifts from smell to taste in Baijiu quality 

evaluation. Current experience research always focused on the flavor substances detection and 

their taste characteristics in liquor liquid. Role of flavor volatiles released when taste was still 

not very clear by these traditional methods. 

Methods: Quantitative Descriptive Analysis (QDA) compared the mouth-feel in normal taste 

and in absent of retronasal olfaction. A Direct Analysis in Real Time Mass Spectrometric 

(DART-MS) detection method was developed to of flavor substances released in the mouth. 

An ‘Artificial Mouth’(AM) was designed to imitate the oral taste processing. 

Results: Fullness and persistence were significantly different affected by retronasal olfaction 

when taste Baijiu. The Baijiu volatiles time-intensity released in the oral cavity were monitored 

by the DART method. The volatiles types, intensity and duration time influenced the mouth-

feel of taste. AM could avoid individual differences and stably simulate the volatile released 

process. DART and AM provide the standardization techniques of quantity the volatiles release 

process to evaluate fullness and persistence of different samples 

Discussion: Study firstly confirmed the ‘olfaction-taste’ cooperation mechanism of Baijiu, 

screened out key flavor substances and their action characteristics. It provides scientific 

theoretical basis for Baijiu product quality evaluation, and provide new ideas for the quality 

improvement. The study also had high reference value for the other Chinese traditional 

fermented food with wonderful flavor. 
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Development of 3D swallowing simulator Swallow Vision® to visualize the changes of the 

physical values and the pathline of the food bolus flow during swallowing 

[Purpose] 

Evaluation of the food bolus behavior during swallowing is important to consider the suitable 

food for each patient with dysphagia. However the conventional medical images are not enough 

to clarify the relationship between the food bolus flow and organ movements during 

swallowing, due to the ineffectiveness of the imaging technique in visualizing soft tissues 

movement. 

The purpose of this study is to develop three-dimensional (3D) swallowing simulator Swallow 

Vision® (SV), which can visualize the food bolus behavior and soft tissues with high spatial 

and time resolution. SV can also visualize the changes of the physical values and the pathline 

of the food bolus flow during swallowing. 

[Methods] 

SV is based on the kinetic biomechanical model that consists of a hard-soft tissue model created 

from various medical images and a property model of various foods bolus. This model was 

quantitatively confirmed the validity using image processing software. 

Characteristic swallowing behaviors of the various foods bolus were visualized by SV as the 

various images  of the food bolus flow during swallowing. Physical values such as share rate 

of the food bolus during swallowing were also extracted from SV and compared with each 

swallowing patterns quantitatively. 

[Conclusions] 

SV could visualize the food bolus behavior with high spatial and time resolution.SV could also 

visualize the changes of the physical values and the pathline of the food bolus flow during 

swallowing. The simulation results revealed that the shear rate of the food bolus was widely 

changed during the swallowing. And the pathline of the food bolus flow suggested the factors 

of the aspiration. SV can easily perform exhaustive parametric studies about various food 

properties. We will be able to consider the suitable properties of food bolus for patients with 

dysphagia by observation of the visualized images derived from SV. SV can use as a new 

evaluation tool for the research of the food oral processing. 
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The temporal aspects of comminution, agglomeration, hydration and dilution in the oral process 

are emerging as important to the textural and physical properties of food, as highlighted 

recently.1 Despite this, significant challenges related to inter-individual differences remain that 

can be addressed by using in vitro measurements of the in-use physics of the oral process. 

Reliable physical measurements of the properties of food undergoing agglomeration and 

hydration prior to the formation of a rheologically sensible bolus are, as yet, unperformed. The 

properties of the comminuted continuous solid phase, and its change in cohesiveness and 

internal friction with saliva addition, can be observed using shear tester devices such as the ring 

shear tester. This is demonstrated by differentiating between two model brittle foods, water 

crackers and peanuts, that differed in their particle properties in regards to their particle size, 

hardness, oil released and water absorption capacity. The water crackers are less cohesive and 

produce their maximum cohesion at a later time, displaying a three stage evolution in their 

internal friction that differs from the three stage development of the peanut samples.  The 

formation of cohesion in the two products demonstrates that the maximum cohesion is 

dependent on particle size as well as water addition, while the evolution of internal friction is 

dependent on the interactions that occur between water and particles. The relationship between 

the internal friction of the water crackers and biscuit products2,3 is relevant with a similar 

moisture content of 40-50% resulting in the cessation of sensations of dryness, the production 

of a paste and the rapid reduction of the angle of internal friction. This offers a method 

potentially able to describe products on the basis of the evolution of their physical properties as 

they are processed within the mouth after the first bite. 

1. Witt, T.; Stokes, J., Current Opinion in Food Science 2015, 3, 110-117. 

2. Rodrigues, S.; Young, A.; James, B.; Morgenstern, M., J. Texture Stud. 2014, 45 (2), 89-96. 

3. Young, A.; Cheong, J.; Hedderley, D.; Morgenstern, M.; James, B., J. Texture Stud. 2013, 

44 (5), 376-386. 
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Psychophysical literature studying the mouthfeel perception of liquid food have presented 

experimental evidence that human tongue can perceive subtle differences in droplet 

concentration within emulsions [1,2], where in contrast, standard rheological measurements 

show no significant difference in shear viscosity. What determines such fine texture 

discrimination of the human tongue-palate system remains currently an open question. Also, 

recent investigations in human digital touch [3,4] have underlined the key role of skin 

topography (fingerprints) for fine texture discrimination, similarly, the human tongue has a 

surface roughness shaped by a collection of papillae that could be equally important, leading to 

droplet-papilla interlock. 

We have recently investigated such questions designing an experimental setup to mimic human 

tongue-palate cavity. A biomimetic tongue was built using a soft elastomer slab covered with 

myriads of asperities or varying aspect/shape ratio depending on the phenomena studied. The 

palate’s equivalent is played by the upper rotating disk of a rheometer cell, which allows 

shearing emulsions at prescribed shear rates. 

Minute displacements of the tips of papillae in the presence of thick layers of low concentration 

inverse oil in water emulsions, are measured using image correlation techniques to probe 

displacements fluctuations and their relevance to emulsion texture perception. To study lingual-

palate contact, we have adapted a previously developed optical method [5] to measure both 

normal and shear stresses locally. We will discuss our measurements and observations in the 

light of recent lubrication effects [6], and its implications for emulsions perception. 
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“Oral” tribology, associated with oral surface movement and friction, is a new tool to 

understand complex texture attributes such as “creamy, oily and astringent” which could not be 

successfully characterized by bulk texture analysis or by rheology. Smoothness, slipperiness 

and roughness of food boluses acting as lubricants between tongue and palate could be 

responsible for the sensation of those complex attributes. In fact, surface characteristics such as 

asperities combined with elastic and plastic deformation produce intermittent sliding motion. 

These so-called stick-slip effects could constitute important influencing factors of sensory 

perception in the mouth. 

It was hypothesized that the observed jagged behavior of most force-displacement curves in 

tribology measurements are due to stick-slip effects and depend on normal load, entertainment 

speed, surface roughness, lubricant type and its viscosity. Hence the influence of low versus 

high loads (0.57 and 2.53 N), different test velocities from 0.01 to 40 mm/s, smooth versus 

textured surfaces and different model systems was evaluated. Model foods such as oil-in-water 

emulsions, fat-free yoghurt, milk powder and nanocrystalline cellulose water suspensions were 

compared with sunflower oil and water as control lubricants. “Machine noise” without sample 

nor probe contact and “dry contact” of the stainless steel ball-on-disc geometry against a 

silicone elastomer sheet (PDMS, polydimethylsiloxane used by Chen et al. 2014) were also 

measured. Dynamic spectral analysis (Sanahuja and Briesen 2015) was applied to the force-

displacement data. The extracted stick-slip magnitude-frequency distributions were divided 

into characteristic machine noise, typical dry contact effects and effects depending on the type 

of lubricant and surface roughness. The characteristic frequency bands of the stick-slip events 

could clarify a part of the interaction behavior of the PDMS surface with specific lubricants, 

mimicking the tongue sliding against the palate with food in-between. 

This is the first study where dynamic spectral analysis was used in “oral” tribology. The 

spectrograms of the stick-slip effects provide a new insight into the use of “oral” tribology in 

food psychophysics studies. The methodology developed in this work can be applied, in 

addition to friction coefficient measurements and classical Stribeck curve analysis, to food oral 

behavior analysis and more importantly sensory interpretation. 
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Tribology is attracting a growing attention in oral texture and sensory research due to its ability 

to assess certain properties of the food during the complex oral processing that cannot be 

explained by bulk texture and rheology. Texture perception of a semi-solid food is related to 

the food breaking process by biting and chewing that can be simulated and measured using a 

texture analyser. However, for fluid-type food materials, texture perception is dominated by 

their flow and lubricating properties during mastication in the mouth. It is now well recognised 

that the textural mouthfeel is an important factor when consumers select particular foods. 

During oral processing, food is squeezed and sheared between the tongue and other oral 

surfaces, such as teeth and palate and these forces applied in the mouth can be mimicked by a 

tribometer. Tribological properties associated with friction, adhesion, and lubrication of 

interacting surfaces in relative motion in the mouth have been associated with the perception of 

food attributes like astringency, smoothness, roughness, and slipperiness. This presentation will 

demonstrate the capability of a tribo-rheometer to differentiate dairy products with different fat 

contents both in liquid (milk) and semi-solid forms (yoghurt and soft-cheese). 
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Thickened fluids are commonly used in the medical management of individuals who suffer 

swallowing difficulties (known as dysphagia). The aim of these is to enhance swallowing by 

reducing the risk of aspiration. There are many issues to consider in obtaining the correct 

consistency of fluid for patients since fluids that are too thin may enter the lungs and cause 

pneumonia, whilst over-thickened fluids can become a choking risk. Currently the consistency 

of these fluids are assessed in a fairly subjective manner but recently studies have shown that 

understanding the rheological properties of thickened fluid (e.g. viscosity, yield stress) is 

advantageous in designing better controlled fluids. Whilst the rheological behaviour of 

thickened fluids in shear deformation has been studied by several authors, there are limited 

studies of rheological characterisation of thickened fluids in extensional deformation. 

Knowledge of the extensional properties of thickened fluids, for example the extensional 

viscosity and the cohesiveness (how well the fluids remain as a bolus during the swallowing 

process) is important to fully understand the behaviour of such fluids while swallowing. Our 

aim in this work, therefore, was to characterise thickened fluids in extensional deformation. 

Water and skim milk were thickened with a commercial thickener (xanthan gum based) at 

varying concentrations and tested using a filament stretch and break-up device, the Cambridge 

Trimaster. It was observed that the filament breakage time was longer as the thickener 

concentration was increased. Hence as the thickener concentration increases, the extensional 

viscosity increases and the fluid become more cohesive. Additionally, it was observed that 

thickened skim milk is less cohesive than thickened water at similar shear viscosity. These 

results, together with conventional shear rheology, will be used to build a model of the flow of 

thickened fluids and will thus provide information to determine which rheological properties 

are most relevant in treating dysphagia. 
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During swallowing process, the stretch of food bolus is related to extensional viscosity of liquid 

foods. However, there are few studies about the measurement of extensional viscosity of liquid 

foods and its influence to swallowing flow. The aim of this study was to measure the extensional 

viscosity of liquid foods and analyze its influence on the swallowing flow. 

The extensional viscosities and shear viscosities of grated Japanese yam and thickener solutions 

were measured in this study. We developed a homemade extensional viscometer, the 

extensional flow of which was produced by capillary thinning of a liquid thread. The 

extensional viscosity was obtained from the reducing rate of the liquid thread mid-diameter, 

which was induced by capillary thinning of liquid foods. The shear viscosity was measured 

using a cone and plate rheometer. To validate the rheological model and its constants of liquid 

foods, numerical simulations were conducted for capillary thinning flow and compare with the 

measurement results. 

The measurements showed that the shear viscosities of thickener solutions were higher than 

those of grated Japanese yam solutions, and that the extensional viscosities and thus Trouton 

viscosities of grated Japanese yam solutions were higher than those of thickener solutions. The 

thickener solutions showed shear thinning in the viscous properties, and the grated Japanese 

yam solutions behaved like viscoelastic liquids. Based on these rheological characteristics, 

swallowing flows were simulated using a three dimensional pharyngeal model, and the 

influence of extensional viscosity on swallowing flows was discussed. 
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The objective of this study was to quantify natural eating behavior of soft solid foods and 

identify a mechanical property of food that has the strongest influence on mastication in 

humans. Electromyography (EMG) of both masseter and suprahyoid muscles was performed 

[1] to quantify the muscle effort required to naturally masticate five gellan gels. The gels were 

categorized into two groups; those with 1) similar fracture strains and three different fracture 

loads (F1 < F2 < F3), and 2) similar fracture loads and three different fracture strains (S2 < F2 

< E2). True stresses of these gels were evaluated using video imaging during an instrumental 

compression test. EMG variables corresponding to masticatory effort increased with increasing 

fracture load of gels, and with decreasing fracture strain when the fracture loads were similar. 

Fracture load affected the natural oral processing of the gels more than fracture strain. True 

stress, in particular true fracture stress, was a better indicator of mastication requirement than 

load. According to texture, human subjects changed their strategy of oral processing for the 

consumption of a small piece of gel from compression between the tongue and hard palate to 

mastication using the teeth. Once the strategy was chosen based on the mechanical properties 

under small deformation before fracture, muscle effort for oral processing highly correlated 

with true fracture stress but did not significantly correlate with modulus or fracture strain. 
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Proteins are important ingredients for food products in terms of providing desirable textural, 

sensory, and nutritional properties. In oral processing, food products are continuously mixed 

with saliva and it is the resulting aggregates that are ultimately consumed by human body. In 

order to understand the interaction mechanisms of food proteins-saliva/gastrointestinal fluid on 

a molecular level, we have selected β-lactoglobulin (BLG) and mucins (bovine submaxillary 

mucin (BSM) and porcine gastric mucin (PGM)) as representative macromolecules of food 

proteins and saliva/gastric juice, respectively. Various spectroscopic approaches, including 

Dynamic Light Scattering (DLS), circular dichroism (CD) spectroscopy, fluorescence 

spectroscopy, and low and high field Nuclear Magnetic Resonance (NMR) spectroscopy were 

employed to understand the structural changes upon interaction. Additionally, tribological 

techniques were applied to investigate the interaction of BLG with mucins under tribological 

stress. To understand the pH effect, three pH values, pH 3.0, 5.0, 7.4, were used. The most 

interestingly, the changes in the size distribution of the mixture as studied by DLS suggested 

attractive interaction between BLG and BSM molecules to form a more compact conformation 

of the BSM molecules. Moreover, high field NMR showed stronger interactions at lower pH 

due to electrostatic attraction of the protonated amino groups of BLG to the negatively charged 

mucin. The High field NMR results for the BSM-BLG mixture indicated that spectral 

differences were mostly observed for solvent exposed groups, especially the mucin glycan 

chains, while hydrophobic core residues of PGM-BLG mixture were also highly affected. 

Surface adsorption properties of the proteins by bicinchoninic acid (BCA) assay revealed that 

both mucins adsorbed onto the hydrophobic substrates in a large amount to form either highly 

compact layers or multilayers, whereas BLG appeared to adsorb to a much less extent. Even in 

the absence of tribostress, the adsorbed masses of the mixed protein solutions reduced 

significantly, and BLG appeared to dominate the surface adsorption event, presumably due to 

the reduced concentration of mucins as well as the Vroman effect. Nevertheless, BSM 

apparently dominated the tribological interface, which highlights the excellent lubricating 

capabilities of BSM, while PGM's intrinsically weaker lubricity remained largely unchanged 

even in the interaction with BLG. The pH dependent lubricating properties of BLG-BSM mixed 

solutions appeared to be determined by competitive adsorption of the two proteins onto the 

substrates, which suggests that they do not form as strong aggregates as BLG-saliva, especially 

under tribological stress. The combined spectroscopic and lubricating properties of BLG and 

mucins provided advanced understanding on the molecular level interaction between two 

macromolecules, representing food proteins and bodily fluids. 
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Extruded Confectionery products 

Saba Butt1, Maria Charalambides1, Hugh Powell2, James Osbourne2.  

1IMPERIAL COLLEGE LONDON (LONDON, GB); 2NESTLE PTC YORK.  

Traditional baking is the most common way of producing confectionery wafers, however over 

the past few decades, the extrusion process has become an increasingly important food 

manufacturing method and is commonly used in the manufacturing of breakfast cereals and 

filled snack products. This study aims to characterise products made via each of these 

manufacturing processes in order to understand the important parameters involved in the 

resulting texture of confectionery products such as wafers. Both of the named processes result 

in brittle, cellular foams comprising of cell walls and cell pores which may contain some of the 

confectionery filling. The mechanical response of the cell wall material and the geometry of the 

products influence the consumer perception and preference. Xray micro tomography was used 

to generate geometry of the microstructure which was then fed to Finite Element for numerical 

analysis on both products. The Finite Element models were used to determine properties such 

as solid modulus of the cell walls, Young’s modulus of the entire foam and to investigate and 

compare the microstructural damage of baked wafers and extruded products. A sensory analysis 

study was performed on both products by a qualified sensory panel. The results of this study 

were then used to draw links between the mechanical behaviour and sensory perception of a 

consumer. 
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PL1 The raw and the cooked – The hidden side of food 

structures 

Heribert Watzke1.  

1Dr. Phil Watzke Heribert Consulting.  

The invention of “cooking” has shaped our human evolution. The ability of transforming food 

in tasty meals inspired the primal pattern of raw and cooked. It has served for separating 

processed from natural ever since. 

            Palatability has played a central role in these developments. It remained the only 

reference confirming whether our cooking had been successful. A large part of that judgment 

hinges on food structures created during “cooking”. Other sensorial perceptions depend on its 

breakdown during eating. 

            In the past, food research focused on creation and control of food structures. Recently, 

breakdown processes of food in the mouth have caught the interests of researchers. They were 

successful in unraveling the links between breakdown processes and sensorial perceptions. But 

the understanding of the relations between food structure and metabolic health remains elusive. 

            We will try a fresh view on the breakdown of food structures. Specific evolutionary 

inventions in our mammalian past create a new approach when considered together. Lactation 

and mastication will serve this goal. Supplementary, we will use insights in the general material 

properties and dynamics of biomolecules. They connect buildup and breakdown of structures. 

They also link “raw”, “cooked” and “rotten” (broken down). Both evolution and the “cook” 

make use of them to build cells or foods. We will expound on the nature of food structures 

supporting delight and health. 



4th International Conference on Food Oral Processing, Lausanne (Switzerland) 2016 

Closing Plenary Lectures: Perspectives on FOP 
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general health” 

Peter W. Lucas1.  

1Smithsonian Tropical Research Institute.  

This talk will elaborate on the following, drawing from a wide literary spectrum: About 60 

years ago, experiments established that chewing was immaterial to the complete digestion of 

many foods in a modern diet. Add to this a clinical adage that it is possible to swallow - not 

necessarily safely - anything that fits into the mouth (as, for example, when someone 

unfortunately ‘swallows’ their tongue) and the mouth became seen mainly as a collection 

device. It was subject only to limits such as gape, but possessed minimal digestive activity. 

Physiological texts ignored it and started digestion at the stomach. Dentistry focused on tooth-

tooth contacts, largely ignoring mastication because it saw no challenge in food particles as 

mechanical objects. How have viewpoints changed? We now know that the role of the special 

senses of taste and smell in the mouth are much more important than previously thought, but 

most of the above is a particular consequence of our recent evolutionary history with respect to 

texture. Wild primates struggle to consume a diet designed not to be eaten, spending much of 

their day foraging and chewing. In contrast, we comminute many foods before eating them. We 

then heat transform most items, in the process making the principal plant energy storage 

chemical, starch, available as a dietary staple. Consuming a diet that we have increasingly 

designed to eliminate texture, we hardly chew, our dentition has degenerated, gets diseased and 

no longer fits into the adult mouth. Thus, we could suppose that a reversal to a diet with more 

‘texture’, where this could be taken to include a combination of increase in ingested food 

particle size, food hardness and/or toughness, could rapidly improve our oral health. There are 

other possibilities though, such as oral exercises for the young, that may alleviate 

developmental problems. However, if applied to the whole diet, then it is possible that trends 

towards obesity could be tackled partly by increasing food texture, so delaying digestion via 

increasing the number of chews that people have to make.  
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PP01 Physicochemical properties of emulsions with ginseng 

saponins from panax ginseng  

Kwan Mo You1, Ka Soon Lee2, Sun Young Kim1, Youn Seon Ji1, Eun Jeong Park1, Eui 

Seok Lee1, Soo Jin Park3, Soon Taek Hong1.  

1Department of Food Science and Technology, Chung Nam National University (Daejeon, KR); 
2Ginseng & Medical Plant Research Institute; 3Department of Oriental Medical Food and 

Nutrition, Semyung University.  

The food industry is trying to replace many synthetic surfactants with natural alternatives, 

mainly inspired by consumer’s demand. Saponins are water-soluble small amphiphilic 

molecules that can be isolated from various natural sources. In particular, Panax ginseng 

contains saponins (called as gensenosides) and each one has been shown medicinal activities 

that help alleviate pathological symptoms, promote health, and prevent potential diseases. The 

surface activity of saponins (or gensenosides) is due to the fact they contain hydrophilic sugar 

groups attached to non-polar triterpenoide agylcone groups. Recently, quiillaja saponins have 

become commercially available. These quiillaja saponins have been shown to be particularly 

effective at forming emulsions with small droplets. In the present study, saponins from Panax 

ginseng were extracted using various solvent systems – hot water (70℃), ethanol (70%, W/W), 

then freeze-dried. The lyophilized extracts were put into investigation for their emulsifying 

properties such as interfacial tension, emulsifying activity, fat globule size, creaming stability, 

zeta potentials, and microscopic observation in mouth. For both panax ginseng extracts, the 

interfacial tension decreased substantially with increasing surfactant concentration. A 

appreciably low interfacial tension (γ ≈ 10.5 mN/m for ethanol extract, 14.5 mN/m for hot-

water extract) was observed at high surfactant concentration (i.e., 0.1 wt%). In emulsion 

systems (2 wt% extract, 3 wt% oil, pH 5, 3000 psi), however, smaller droplets could be 

observed with hot-water extract (d43 ≈ 0.36 µm) than with ethanol extract (d43 ≈ 0.8 µm). Fat 

globules in emulsions had a high negative charge, being changed with pH. The origin of the 

negative charge can be attributed to the presence of a carboxylic acid group within the structure 

of Panax ginseng saponins. Results of creaming stability evaluated by light scattering technique 

(i.e., TurbiscanR) showed that it was more stable in emulsions with hot-water extract than with 

ethanol extract. In addition, it was found that both emulsions were destabilized (i.e., 

aggregation) to some extent in the mouth, possibly through depletion flocculation. The results 

indicate that ginseng saponins may be able to replace synthetic surfactant in food industry. 
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PP02 Impact of oral processing behavior on sensory 

perception of ice creams differing in hardness 

Monica  Aguayo-Mendoza1, Marion Doyennette2, Sara Martins2, Markus Stieger1.  

1Wageningen University, Agrotechnology and Food Sciences (Wageningen, NL); 2Unilever 

R&D Vlaardingen.  

Food oral processing is a dynamic process that plays an important role in sensory perception, 

and is influenced by the texture properties of food. The effect of oral processing behavior on 

sensory perception of ice cream is often overlooked and therefore the aim of the present study 

was to understand the impact of oral processing behavior on sensory perception of ice creams 

varying in hardness. 

Subjects (n=22) were selected and trained on the sensory assessment of ice creams using 

Temporal Dominance of Sensations (TDS). Ice creams with 3 levels of hardness (soft, medium 

and hard) were evaluated. To determine the effect of oral processing behavior on sensory 

perception, subjects were instructed to apply 3 oral processing protocols (chewing, melting and 

free oral processing) while performing the TDS assessment. Consumption time was determined 

during the TDS sessions. 

Consumption time was significantly affected by oral processing protocol and ice cream 

hardness (p<0.05). The consumption time for a bite of ice cream was the shortest when the ice 

cream was chewed followed by free oral processing and letting the ice cream melt in mouth had 

the longest consumption time. Soft ice cream was consumed significantly faster than the 

medium and hard ice creams, where hard ice cream displayed the longest consumption time, 

these results are in agreement with previous studies that showed an increment in consumption 

time when hardness increased 1,2. For all ice creams consumed under different oral processing 

conditions, texture attributes such as smoothness, coldness and firmness were the dominant 

sensations from the beginning of consumption time up to 70% of consumption time. At later 

stages of mastication, taste and aroma attributes were the dominant sensations. With increasing 

hardness, coldness perception increased whereas aroma perception was delayed and sweetness 

dominance decreased. Additionally, smoothness sensation was perceived for longer time with 

the melting oral protocol than with the chewing one. 

We conclude that both hardness and the type of oral processing behavior influence consumption 

time and dominance of sensation during ice cream consumption. 

  

1. Devezeaux de Lavergne, M., van Delft, M., van de Velde, F., van Boekel, M. A. J. S., & Stieger, M. (2015). Dynamic texture perception 

and oral processing of semi-solid food gels: Part 1: Comparison between QDA, progressive profiling and TDS. Food Hydrocolloids, 43, 207–

217. 

2. Çakir, E., Koç, H., Vinyard, C. J., Essick, G., Daubert, C. R., Drake, M., & Foegeding, E. A. (2012). Evaluation of Texture Changes Due to 

Compositional Differences Using Oral Processing. Journal of Texture Studies, 43(4), 257–267.  
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PP03 Oral processing behaviour, dynamic sensory 

perception and liking of breads with and without toppings 

Arianne van Eck1,2, Eva Konstantini2, Vincenzo Fogliano2, Elke Scholten1,3, 

Markus Stieger1,2.  

1TI Food and Nutrition (Wageningen, NL); 2Food Quality and Design, Wageningen University; 
3Physics and Physical Chemistry of Foods, Wageningen University.  

Many foods that are frequently consumed are composed of multiple components such as breads 

with toppings. The components can differ considerably in mechanical and sensory properties. 

The aim of this study was to better understand oral processing behaviour, dynamic sensory 

perception and liking of breads varying in texture combined with (and without) different 

toppings. Nine bread-topping combinations were prepared by combining three white breads 

differing in texture (soft, medium and hard) with three toppings (no topping, strawberry jam 

and spreadable cheese). Mastication time, number of chews and chewing frequency were 

determined from video recordings (n=38). Dynamic sensory perception was determined using 

Temporal Dominance of Sensations (TDS, n=20) and liking was determined using a 9-point 

hedonic scale (n=50). Mastication times tended to be shorter and number of chews were 

significantly lower for breads with toppings compared to breads without topping. Adding a 

topping with a high water or fat content might assist in the bolus formation of bread leading to 

boli that are lubricated enough to be safely swallowed after shorter mastication times. Chewing 

frequency was not significantly different between breads with toppings, suggesting that 

chewing frequency depends on the subject rather than the product. Textural attributes (crispness 

and softness) were perceived dominant at the beginning of mastication, whereas flavour 

attributes (strawberry and cheese flavour), taste attributes (sweet and salty) and stickiness 

dominated towards the end of mastication. The nine bread-topping combinations were 

perceived significantly different at the beginning of mastication and were distinguishable by 

the taste and flavour of the topping towards the end of mastication. Breads without topping 

were significantly less liked than breads with toppings. We conclude that adding toppings to 

bread impacted oral processing behaviour, dynamic sensory perception and liking. 
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PP04 Factors affecting the granulometry and the 

rheological properties of pasta before deglutition: a 

preliminary study 

Marie-Laure Munoz-Sanchez1,2, Pierre-Yves Cousson1,2, Marie-Agnès Peyron3, 

Martine Hennequin1,2.  

1Université of Auvergne, France (Clermont-Ferrand, FR); 2CHU of Clermont-Ferrand, 

France; 3INRA, Theix, France.  

This preliminary study aims to verify if pasta has the qualities of a model food, which may be 

proposed for immature or deficient subjects, and especially if pasta bolii collected before 

swallowing are characterizable by their granulometry and their rheological properties. Five 

types of pasta were used to produce chews samples ready to be swallowed by a single subject 

in good general and oral health. Groups of 5 chews of each type of pasta, cooked at varying 

times, have been measured: particle size measurements by dry sieving column and image 

analysis and rheological measurements by testing resistance to deformation under compression. 

Explicative variables of changes in particle size and rheology of pasta bolii were : the shape of 

pasta, the composition and the cooking time. The descriptive analysis of changes in particle 

size average values highlights the following trends : 1) subject chewing is stable and does not 

vary with the form, composition or cooking, 2) the particle size of pasta chews increases with 

the cooking time regardless of the method used for particle size measurement, 3) chews texture 

characterized by hardness, stickiness, cohesiveness and elasticity varies with the shape, 

composition and cooking time of pasta, according to the compression test used (20% or 65%). 
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PP05 Management of process of crystallization of 

saccharose in fondant . an old problem – new decisions 

SVETLANA KHASANOVA1, Zinaida  Skobelskaya1.  

1Moscow State University of Food Production (Ekaterinburg, RU); 2Moscow State University 

of Food Production.  

The fondant  used in confectionery manufacture widely and is popular with consumers. There 

are actual problems: high content of sugar in a product and savings of high consumer properties 

of finished articles of fondant. 

Management of the process of crystallization of saccharose during manufacturing of fondant 

will allow to operate shelf lives of end product. 

One of the ways of solving problems maybe the introduction to fondant a new component which 

will quickly start the process of crystallization. This new component is a specially prepared 

amaranth bran. 

Amaranth bran is a skim seed part of a plant amarantus cruentus – secondary raw material after 

reception of oil and has a unique chemical compound: mineral substances,protein, pectin and 

cellulose. Within the limits of the present research  amaranth bran has been specially prepared: 

it was thermally processed in infra-red spectrum and crushed on pin mills. After such processing 

amaranth bran  represents a cream color powder with pleasant nut taste, and size of particles in 

a range from 10 up to 25 microns makes not less than 80 %. The powder was introduced into a 

sugar-molasses solution after boiling process in the laboratory Fondant beater car.Addition of 

amaranth bran into the recipes of sugar fondant results in a positive effect on the process of 

crystallization, reduces sugar capacity of the end product,  increase its nutritional value, get 

ready-made products with higher organoleptic characteristics and it is can be to solve the 

problem with using of secondary sanitary quality raw materials. 



4th International Conference on Food Oral Processing, Lausanne (Switzerland) 2016 

Poster Session 1: Food structure, breakdown and sensory perception (FSB) 
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drinks for the treatment of dysphagia 

Andrew Rosenthal1,2, Jessica Leary2, Jessica Watson2.  

1University of Nottingham (Loughborough, GB); 2Coventry University.  

Video footage was prepared of water, tea and orange juice alone and thickened to stage 1 

(syrup), stage 2 (custard) and stage 3 (pudding) consistencies. Thirty six healthy untrained 

volunteers rated the visually perceived viscosity and degree of liking of these materials by 

observing videos of a spoon test. 

With the exception of the pudding consistency, water was perceived as significantly less viscous 

than the orange juice or tea, thickened to the same stage. With regard to the degree of liking, 

there was no difference in between the thickened liquids at any given stage. But a marked 

decline in hedonic score occurred with each successive level of thickening. 

Many anecdotes are made about the lack of appeal of thickened drinks to treat dysphagia. To 

our knowledge, this pheomenon has not been documented. This small study was an attempt to 

collect data which might confirm or refute these anecdotes. The findings could act as an impetus 

for the development of improved products to assist in fluid intake by patients with swallowing 

difficulties, and might in some small way improve their quality of life. 



4th International Conference on Food Oral Processing, Lausanne (Switzerland) 2016 

Poster Session 1: Food structure, breakdown and sensory perception (FSB) 
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aimed to raise satiating expectations 

Susana Fiszman1, Pere Morell1, Betina Piqueras-Fuszman2, Isable Hernando3.  

1IATA-CSIC (Paterna-Valencia, ES); 2Wageningen University; 3Universitat Politècnica de 
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Protein is recognized as the macronutrient with the highest satiating ability. Yogurt can be an 

excellent basis for designing satiating food as it is protein-based food product. Five different 

set-type yogurts were formulated by adding extra skim milk powder (MP), whey protein 

concentrate (WPC), calcium caseinate (CAS) or a blend of whey protein concentrate with 

calcium caseinate (CAS-WPC). A control yogurt without extra protein content was also 

prepared. Sensory profiling was obtained through CATA question; satiating ability expectations 

and liking were also assessed with consumers. 

The samples that elicited higher expectation of satiating ability were MP followed by CAS, 

CAS-WPC, and WPC. Satiating ability seemed to be driven by a number of sensory 

characteristics and in-mouth sensations: from creaminess in the case of MP, through grittiness 

and graininess in the case of CAS, and a general high density and thickness, presented in all 

these samples. In contrast, MP was globally the most liked. Creaminess and homogeneity (and 

sweeteness) seem to be the most advisable attributes to pursue for orosensory liking of any type 

of yogurt (satiating or not), though some additional density and mouth-coating textural features 

apparently contributed to the perceived satiating benefit. 

Considering the results as a whole, a combination of skim milk protein supplementation with 

precisely adjusted amounts of caseinate or whey protein concentrate could open up new ways 

to design satiating protein-supplemented yogurts. 
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PP08 Oral processing of mixed biopolymer gel with 

different degrees of inhomogeneity 

Laura Laguna1, *Anwesha Sarkar1.  

1Food Colloids and Processing Group, School of Food Science and Nutrition, University of 

Leeds, Leeds (Leeds, GB).  

This study sought  to examine the influence of structuring mixed biopolymer gels with different 

degrees of inhomogeneity on oral residence time in younger adults. Model gels with varying 

structural and mechanical properties were prepared using κ-carrageenan and sodium alginate at 

different concentrations ranging from 0-4 wt%. In few of the mixed gel systems, structural 

defects were introduced by incorporation of calcium alginate beads of different sizes, later made 

by syringe extrusion or spraying techniques. The gels were characterized by dynamic 

oscillation, fracture behaviour and the structural details were evidenced in different length 

scales by cryo-scanning electron microscopy (cryo-SEM) and transmission electron 

microscopy (TEM). In parallel, gels were characterized by quantitative descriptive analysis 

(QDA™). Oral processing behaviour was assessed in terms of oral residence time, number of 

chews and difficulty perceived by eleven young participants. A decrease in the gel fracture 

point with the addition of calcium alginate beads was attributed to the interruption of the 

continuous κ-carrageenan gel network, as revealed in the Cryo-SEM and TEM images and with 

narrower linear viscoelastic region. When the mixed gel network included κ-carrageenan with 

sodium alginate, the linear viscoelastic range was extended, but the gel strength was lower than 

κ-carrageenan alone highlighting the incompatibility between the biopolymers. Oral residence 

time was highly dependent on the number of chews and to a certain extent on the difficulty 

perceived. Oral residence time and number of chews were positively correlated with gel 

strength, degree of network inhomogeneity in terms of particle size of the beads.  
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Saskia Hofmann1, Joanne Hort1, Charlotte Walden2, Ann-Marie Williamson2, Bettina Wolf1, 
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Mouthfeel and texture of food products including beverages play an important role in consumer 

liking (Guinard and Mazzucchelli, 1996). Sensory lexicons have been developed to describe 

properties of different food products, for example the mouthfeel of red wine (Gawel et al., 2000) 

and to communicate product properties to suppliers or between sensory panels. Lexicons for 

tea are limited to flavour lexicons of green tea (Lee and Chambers, 2007) and rooibos tea (Koch 

et al., 2012). Thus far the development of a sensory lexicon for black tea based beverages has 

not been reported, despite the popularity of black tea around the globe. This gap is addressed 

in the research presented. 

A model tea system was developed to represent a wide range of black tea products in UK and 

Asian markets. A Design of Experiments approach was taken, creating a D-optimal design 

space with black tea (0.1 – 1 %), sugar (0 – 10 %) and an oil-in-water emulsion, to add fat to 

the system (0 – 10 %), as the design factors. A screened and selected panel of 10 assessors used 

Quantitative Descriptive Analysis (QDA) to compile a comprehensive mouthfeel lexicon with 

agreed attributes, definitions and test protocols. Following training, the panel then rated a set 

of 28 samples, in triplicate, from within the design space parameters using this detailed lexicon. 

Resultant data was analysed and used to generate predicted polynomial models to explain the 

influence of varying each design factor on the sensory attributes. This data will be presented 

and discussed with regard to the insight provided on key mouthfeel attributes such as 

astringency and mouth coating. 

GAWEL, R., OBERHOLSTER, A. & FRANCIS, I. L. 2000. Australian Journal of Grape and 

Wine Research, 6, 203-207. 

GUINARD, J.-X. & MAZZUCCHELLI, R. 1996. Trends in Food Science & Technology, 7, 

213-219. 

KOCH, I. S., MULLER, M., JOUBERT, E., VAN DER RIJST, M. & NÆS, T. 2012. Food 

Research International, 46, 217-228. 

LEE, J. & CHAMBERS, D. H. 2007. Journal of Sensory Studies, 22, 256-272. 
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PP10 Effects of structural and mechanical properties of 

brittle cereal foams on disintegration of food during in vivo 

mastication 

Syed Ariful Alam1, Saara Pentikainen1, Johanna Narvainen1, Ulla Holopainen-Mantila1, 

Kaisa Poutanen1, Nesli Sozer1.  

1VTT Technical Research Centre (Espoo, FI).  

Structural and textural differences of solid cereal foams influence their breakdown during 

mastication. The composition of the raw materials and presence of dietary fibre also affect the 

bolus formation and digestibility. The aim of this study was to investigate how the structural 

differences of solid cereal foams (puffs vs. flakes) affect mastication properties during in vivo 

chewing and in vitro digestion. Four extruded puffs and flakes were produced of endosperm 

rye flour by extrusion processing without or with 10% rye bran addition where endosperm rye 

flour was used as a base material. Extruded puffs and flakes were masticated by fifteen healthy 

females and the process was monitored using electromyography. Extruded puffs were more 

porous with less closed porosity compared to the extruded flakes. They were also significantly 

different in their textural properties such as hardness and crispiness. Addition of 10% rye bran 

did not play a significant role on porosity. Mastication of puffs required less work/bite than that 

of flakes. Bran addition did not make any significant difference in mastication properties neither 

for puffs nor flakes. Puffs were degraded to smaller particles than the flakes during mastication. 

The results indicate that the disintegration process of puffs and flakes differ from each other 

which also has significant role on their digestion. 
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and hydrocolloids: a review  

Patrick Hermaan Nitcheu Ngemakwe1, M.S Mphosi1.  
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Limpopo (Sovenga, ZA).  

The increase in consumer demand for good colloidal stability of fruit juice is a technological 

challenge to the food industries since they have to overcome the serious quality defect of fruit 

juice reducing its unattractiveness and marketability. In response to this gap, the enzymes 

including pectinase and protease and hydrocolloids such as carboxymethylcellulose (CMC) and 

xanthan gum (XG) have recently been used as processing aids in fruit juice manufacturing. 

Pectinase and protease have individually been shown to exert significant (p < 0.05) decreasing 

effects on turbidity development (haze formation) during cold storage of cherry juice. The 

turbidity-reducing effect of pectinase is mainly attributed to the electrostatic destabilization of 

suspended, negatively charged, pectin particles whereas the protease catalyzes the cherry juice 

hydrolysis, preventing the formation of protein-polyphenol complexes during cold storage. 

CMC notably (p < 0.05) increases the cloud stability of cloudy apple juice. Thus, its addition 

of 0.4 – 0.5 % has been resulted in cloud stability for extended storage periods because the 

droplets produced during homogenization are adsorbed by the surface of CMC where they form 

a protective coating, preventing them from aggregating, flocculating and/or coalescing. Hence, 

CMC promotes a positive effect on the cloudiness of apple juice. In addition, CMC remarkably 

(p < 0.05) increases the viscosity of treated cloudy apple juices compared to the control. 

However, XG exhibits a greater viscosity (1.62 Pa.s) of the resulting fruit juice than the ones 

containing CMC (1.27 Pa.s) because of the high molecular weight of XG compared to CMC. 

CMC and XG significantly (p < 0.05) decrease the amounts of pulp sediment and white 

sediment of reconstituted carrot juice as compared to the control during the storage, suggesting 

that the hydrocolloids change the property of juice turbidity. Therefore, pectinase; protease; 

CMC and XG improve the colloidal stability of fruit juice. 
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products: sensory and instrumental screening 

Marine MOUSSIER1, Jean-Marc SIEFFERMANN1, Delphine HUC-MATHIS1, 
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Texture properties and creaminess of dairy products are essential for consumers’ liking. The fat 

is known to greatly participate to those properties. The present study focuses on fermented 

stirred dairy products with a high level of fat content (ie. above 5 wt%). The first aim is to 

evaluate the impact of fat reduction on this type of products with classical and more 

innovative sensory and instrumental methods. The second one is to determine if a 

threshold of creaminess exists in the range of high-fat contents studied. 

Five pilot-scale fermented stirred dairy products were formulated with a progressive reduction 

of the fat content up to 30%, by steps of 10%. Rheological and tribological tests were carried 

out in order to characterize viscoelastic, flow and friction properties. Conditions of 

measurements were defined to be as representative as possible of the oral processing. The flow 

properties were determined under a constant shear rate (60 s-1) from 10 to 25°C in order to 

mimic the temperature evolution in mouth. Sensory characterization included: i) a conventional 

profiling method by a texture expert panel (12 panelists), ii) hedonic scorings by untrained 

consumers (150 people) and iii) an original screening method developed to compare each 

product with a reference. The latter focused on the similarity of products with a reference on 

the following sensory aspects: visual, spoon handling and texture in mouth. It was specifically 

designed to quickly screen the products without any particular training and was tested with 11 

untrained persons. 

In a non-proportional way, the elastic modulus and the viscosity at 10°C decreased more than 

two times when the fat content was reduced of 40%. The rheological properties were more fat-

dependent at 10 than 25°C. For those high-fat prototypes, the friction coefficients were 

discriminant only for products with a 30% fat reduction. The sensory profile allowed to classify 

the products according to their fat content. “Ropiness”, “Firmness”, “Resistance”, 

“Slipperiness”, “Mix with saliva”, “Creamy”, “Sour” were the most discriminant sensory 

descriptors. In addition, sensory and instrumental maps obtained by Principal Component 

Analysis (PCA) were well-matched. The consumers liking showed a non-linear relation with 

the fat content. Surprisingly, the optimum was not reached for the product with the highest fat 

content. In particular, consumers expressed a poorer appreciation for products with a fat 

reduction above 30%, due to a loss of thickness and creaminess.  The developed screening 

methodology allowed to quickly remove the products which were too different from the target 

reference. The classification of the five samples was closely linked to the fat content. Through 

the present study, we were able to discriminate and rank the stirred dairy products, even 

at high-fat contents. 
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In double emulsions (w1/o/w2), water droplets (w1) are included in oil droplets (o) which are 

dispersed in another aqueous phase (w2). These double emulsions display a promising strategy 

to reduce oil content in foods. Upon consumption of emulsion-based foods, saliva interacts with 

hydrophilic emulsifiers, influencing the stability of oil droplets in emulsions. In double 

emulsions, interactions cannot only affect oil droplet stability but also the transfer of water by 

either expulsion of w1 droplets or the diffusion of water into the oil droplets. 

In this study, we have investigated the effect of human saliva on the breakdown of single (o/w2) 

and double (w1/o/w2) emulsions stabilized by different hydrophilic emulsifiers (WPI, Tween 

20, OSA starch). These emulsifiers were chosen based on their stabilization mechanism for the 

emulsions (diffusion rate, steric repulsion), and the sensitivity to enzymatic breakdown. 

Various inner water (w1) phases (gelled or non-gelled w1, inner water fractions varying from 

30 to 50 wt% within the oil) were used. PGPR was used as lipophilic emulsifier. Stability of 

double emulsions was assessed prior and post in-vitro saliva addition by microscopy, oil droplet 

size determination and determination of the water retention within the oil droplets by 

differential scanning calorimetry and nuclear magnetic resonance. 

We found that the stability of oil droplets in both single and double emulsions depends on the 

type of hydrophilic emulsifier used. Oil droplets of OSA-starch-stabilized emulsions coalesced 

rapidly due to enzymatic breakdown of OSA-starch and water diffused into the oil droplets, 

probably via transfer of water within reverse micelles of PGPR, leading to higher fractions of 

inner water phase. WPI- and Tween 20-stabilized emulsions were stable against coalescence 

upon interaction with saliva but part of the inner water droplets were released into the outer 

water phase. Double emulsions with a gelled w1 phase were able to retain w1 droplets more 

compared to double emulsions with a non-gelled w1 phase. 

This study shows that the type of hydrophilic emulsifier and composition of the inner w1 phase 

influence the stability of double emulsions. This insight allows to tailor the application of 

double emulsions and possibly change sensory perception during consumption. 
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‘Emulsion gel’ is referred to a system that contains both an emulsion and a gel at the same time. 

Many food products such as desserts, meat products, cheese etc. are categorized in this system. 

Persian gum (PG) is an Iranian hydrocolloid and its capability as emulsifier, stabilizer and 

thickener has been proved by many researchers. 

Different concentrations of PG (0-0.6% W/W) were added to the sweetened (7% W/W sucrose) 

whey protein concentrate (WPC) -based emulsion system (3-8% W/W) containing 1% 

anhydrous milk fat. The system was converted to emulsion gel in two ways: by the addition of 

Glucono Delta Lactone (GDL) (pH=4.9) and Ca2+ (pH=7). 

PG affected the emulsion and the emulsion gel properties. Both the acidic and the neutral 

systems containing 0.3 W/W PG showed lower friction coefficients comparing to the systems 

without gum. The changes in the friction coefficient graphs were quite different at two pHs and 

a sharper slope was observed for the neutral emulsion gel system. This result showed that the 

emulsion gel structure highly affected the changes of the friction coefficient by altering the 

structure in the acidic and the neutral systems. The emulsion gel at the neutral pH was produced 

through the whey protein aggregation. While the acidic emulsion gel was the result of a new 

network of whey proteins and Persian gum complex. The influence of 0.3% W/W PG on the 

frictional properties was higher than 0.6% W/W. It was probably due to the effect of gum on 

the particle size of oil droplets and the modification of continues phase in the emulsion gel 

system. 

Concerning the results of this study, it is concluded that the presence of PG in the WPC 

emulsion gels could be considered as a lubrication system that successfully affects the textural 

and mouth feel properties. 

 

Keywords: Persian gum; WPC; emulsion gel; Tribology 
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  Muk, hydrocolloid starch gels, is a Korean traditional appetizer to be prepared with starches 

from various sources. This food characterizes semisoft jelly-like texture with high moisture 

contents and remarkably low calorie count. It also provides high satiety. However, its 

physicochemical and physiological values, in addition to relationships between texture, 

masticatory properties and digestibility were not fully known. Especially, masticatory 

properties of Muk, which is the first dynamic step in oral processing and also the first digestion 

phase to change food texture under chewing force and compression with saliva incorporated 

were not investigated in different ways. 

  In this study, we researched the masticatory properties elicited from food structure and textural 

properties with five hydrocolloid gels prepared from different starch sources: acorn, mung bean, 

buckwheat, sweet potato and corn. In vitro digestibility was studied in succession by 

masticatory characteristics of samples as well. Briefly, as each starch has unique colloidal 

texture, its characteristics are correlated with masticatory properties and bolus performances. 

Buckwheat starch gel (BSG) and corn starch gel (CSG) were shown a lower chewing number 

and a shorter chewing time than the one of mung bean starch gel (MBSG) and sweet potato 

starch gel (SPSG) related with textural properties.  Bolus particle sizes of MBSG and SPSG 

after 10 chewing number were largely different than one after 5 chewing number, but acorn 

starch gel (ASG) was not significantly different. 

  The statistical co-relations between textural and masticatory properties were conducted, and 

in vitro digestibility test resulted in significantly different. Therefore, masticatory and 

nutritional benefits of hydrocolloid starch gels could provide useful information for special 

dietary model such as foods for easy-to-chew, controlling diets, and elderly friendly.   

Key words: mastication, hydrocolloid starch gel, bolus, gel structure, digestibility, satiety 
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In human food digestion process, the first steps are carried out in oral phase by mastication, 

salivation and bolus formation. Ingested food particles are swallowed after being broken down 

by physical processing as well as enzymes present in the saliva. In this study, Baekseolgi, rice 

cake prepared with different particle size (34.76, 81.29 and 146.26 μm) was used as a model 

food. It was observed how the structures were affected in oral processing of masticatory 

performance, and how actual starch hydrolysis with bolus occurs. The smallest particles 

(DMRP-1) that enlarged surface area needed more water to be hydrated and then formed as a 

loosen structure and fluffy starch network during gelatinization. DMRP-2 absorbed enough 

water to form the high adhesive texture. Largest particle size and corresponding smallest surface 

area (DMRP-3) led to tightening and firmer network, but could melt down easily in oral cavity 

well. This confirmed through observing inner structure images by microtomography and 

textural measurements. In addition, the masticatory properties by ten female subjects (mean age 

24) were identified: chewing cycle and chewing time were significantly different among the 

samples (p 



4th International Conference on Food Oral Processing, Lausanne (Switzerland) 2016 

Poster Session 1: Food structure, breakdown and sensory perception (FSB) 

PP17 Design of complex emulsions for tastant release 

during oral processing 

Miroslaw Kasprzak1, Natalie  Chiu1, Louise Hewson1, Ian Fisk1, Bettina  Wolf1.  

1University of Nottingham (Loughborough, GB).  

We have previously reported on enhanced saltiness perception from water-in-oil-in-water 

(wow) emulsions designed to destabilise during oral processing thereby releasing encapsulated 

salt solution (Chiu et al., Food & Function, 2015. 6(5), 1428-1434). Destabilisation was 

facilitated by stabilising the processed emulsions with commercial octenyl succinic anhydride 

(OSA) starch (N Creamer 46, Univar, UK). Emulsion microstructure was stable for at least 3 

months and, based on the chosen design of experiments, salt reduction potential of up to 10% 

could be demonstrated. 

Here we report how the salt reduction potential can be increased to around 25% by decreasing 

the level of OSA modification of the starch from 3% for commercial starch. Lower levels of 

OSA lead to higher susceptibly to amylase mediated emulsion destabilisation during oral 

processing increasing the internal water phase release and saltiness perception. The limit to 

decreasing the level of OSA is given by the emulsifying ability of the starch. Levels between 1 

and 2% imparted microstructure stability for at least 30 days. Unmodified starch stabilised the 

wow emulsion initially but coalescence rapidly set in and the wow emulsion microstructure was 

lost after 3 days. 

The demonstrated approach can equally be applied to the release of encapsulated sugar solution 

to enhance sweetness perception. While we have successfully validated this wow emulsion 

approach for tastant release in the oral cavity, our understanding to-date of the release 

mechanism is limited and subject to recently commenced research collaboration between the 

University of Nottingham (UK) and the Institute of Food Research (Norwich, UK) (grant 

number: BB/M027139/1). Imaging of emulsion boluses suggests that the encapsulated water 

phase is released during coalescence of the oil droplets as their external interface is weakened 

through amylase attack of the adsorbed starch. We hypothesise that based on a fundamental 

understanding of starch-amylase interaction at the oil/saliva interface during oral processing 

including the mechanical action of tongue and teeth and the natural variability of salivary 

properties between individuals will enable the development of design rules for interfacially 

active starches delivering desired release profiles during the consumption of emulsion based 

foods.    
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Objectives 

Jaw actions adapt to the changing properties of food that occur during a masticatory sequence. 

In the present study, we investigated how the time-varying activation profile of the masseter 

muscle changes during natural chewing and how it is affected by food hardness in subjects with 

implant-supported bridges. 

Methods 

We recorded surface electromyography of the masseter muscle together with the movement of 

the lower jaw in ten participants with implant-supported bridges in both jaws (mean age 67) 

and ten with natural dentition (mean age 71) when chewing gelatin-based model food of two 

different hardness. The muscle activity and the jaw kinematics were analyzed for the different 

phases of the chewing cycles in the beginning (three cycles) of the masticatory sequence. 

Results 

For the dentate group, the increase in the excitatory drive of the masseter muscle was biphasic 

during the jaw-closing phase showing an early and a late component. The transition between 

the two components occurred approximately at the time of tooth-food contact. The implant 

group, on the other hand, lacked to late component in the beginning of the masticatory sequence. 

Except for amplitude scaling, food hardness did not appreciably affect the muscle’s activation 

profile for any of the groups. 

Conclusions 

When chewing food during natural conditions, subjects with implant-supported bridges lack 

the ability to generate a late excitatory component at food contact in the beginning of the 

masticatory sequence. We propose that the absence of tooth-food contact information from 

periodontal mechanoreceptors lead to this impairment. The temporal profile of muscle activity 

was virtually identical when chewing hard and soft food for both groups, implying that the 

principal effect of food hardness was due to scaling in the magnitude of activity. 
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Sensory information from periodontal mechanoreceptors (PMRs) surrounding the roots of 

natural teeth is important for optimizing the positioning of food and adjustment of force vectors 

during precision biting. The aim of the experiment was to test the hypothesis; if decreased inputs 

from the PMRs, due to anesthesia, would perturb the oral fine motor control and the related jaw 

movements, during the intraoral manipulation of food morsels. 

Thirty healthy volunteers (mean age 27 (range 19-40)) with a natural dentition were equally 

divided into experimental and control groups. The participants in both the groups were asked 

to manipulate and split a spherical chocolate candy (diameter: 10mm, weight≈ 0,84 ± 0,01g) 

into two equal halves with the anterior teeth, thirty times each before and after an intervention. 

The intervention was made in the experimental group by anesthetizing the upper and lower 

front teeth. The control group continued the performance of the behavioral task without any 

intervention. During the experiment we evaluated the performance of the split and recorded the 

vertical jaw movement, electromyographic activity of masseter muscle and sound related to the 

cracking of the candy. Preliminary results indicate that the participants when anesthetized 

showed a significant decrease in performance (P=0.004). However, there were no robust 

changes in the duration of jaw movements due to anesthesia. 

To conclude, sudden deprivation of sensory information from PMRs impairs oral fine motor 

control during intraoral manipulation of food, however, no significant changes in duration of 

jaw movements where observed. Our results maybe important because we have previously 

observed smaller duration of jaw movements in oral prosthetic rehabilitated patients in 

comparison to natural dentate individuals. 
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          Background: Although recipe of bread is quite simple, the type of flour and the use of 

additives have led to a large variety of final products. However, there are few data on the 

evolution of the rheological properties of different breads during food oral processing. This 

study aimed to compare the evolution during mastication and until swallowing of rheological 

properties of boluses of white bread (WB) and whole-wheat bread (WWB). 

          Method: For each type of bread, ten healthy volunteers were asked to produce three 

boluses at swallowing time of a piece of bread including crust. Mastication was naturally 

stopped at swallowing, and then experimentally after one third and two third of the mastication 

sequence. Boluses collected at swallowing time were characterised by the size of particles by 

sieving. The TPA test (Texture Profile Analysis) performed at 65% deformation was used to 

characterize hardness, springiness, cohesiveness, and adhesiveness of boluses. 

          Results: Duration of normal masticatory sequence and number of cycles did not differ 

between WB and WWB boluses (respectively, for WB: 16±3.42sec and 19.13±4.52 cycles; for 

WWB: 16±3.42sec and 23.50±4.25 cycles), but the median particles size in the swallowable 

bolus was higher for WB (d50 = 4.94 ± 0.96 mm) than for WWB (d50 = 3.42 ± 0.42 mm) 

(student t’test, p<0.01). Neither adhesiveness, springiness and cohesiveness of both types of 

bread did not change significantly during the mastication sequence.  Mean values of 

adhesiveness were higher for WB than WWB, all along the whole mastication sequence 

(p<0.01). WB boluses were significantly softer than those of WWB at the end of the sequence 

(p<0.01), despite they were harder after the first third of the mastication sequence (p<0.05). At 

the moment of swallowing, saliva impregnation was greater in WB bolus than in WWB one.  

          Conclusion: At the end of the mastication sequence, WWB boluses were characterized 

with higher values of hardness, lower values of adhesiveness and of smaller particles sizes than 

WB boluses. The small gap observed in rheological features of boluses between WB and WWB 

breads may be associated with the slight difference in saliva impregnation and certainly 

participated to swallowing initiation. 
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Sensory effect of the mitigation of Heterocyclic Aromatic Amines in cooked beef. 
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Heterocyclic aromatic amines (HAAs) are potent mutagens that are formed during heating 

process in meat. Studies have shown that the addition of specific antioxidants can significantly 

reduce the formation of HAAs in cooked meat (Meurillon & Engel, 2016). However, there is 

no information regarding the sensory impact and consumer preference on the antioxidant treated 

meat. In the present research, four natural polyphenol-rich antioxidants, with strong data to 

support their mitigation effect on HAAs, were selected to study their sensory effect in beef. The 

beef/antioxidant matrices were studied using sensory evaluation and GC-Olfactometer (GC-O) 

to evaluate the flavor impact from the aroma compounds of the additive and define the odor-

active entities. The screening of the antioxidants was also based on their availability in 

European households to offer a viable solution for meat consumers. Accordingly, Charolaise 

ground beef patties were treated with red Pinot wine, green organic tea, at different marinade 

time (4, 6 hours), whole capers or dried oregano, at different concentrations (0.25%, 0.5%). The 

samples were then pan-fried on medium heat for 14min to the recommended temperature of 71, 

before being served. A 9-point hedonic scale test was first performed on 59 meat consumers, 

resulting in high dissimilarities preferences amongst concentrations and antioxidants. The 

olfactive and gustative dissimilarities between samples were characterized and quantified 

through descriptive quantitative analysis and non-verbal profiling with a panel (n=15) 

familiarized with the procedures. Dissimilarities amongst products were highly correlated to 

their olfactive profile. Hence, the use of GC-O enabled us to determine the origin and nature of 

the compounds responsible for the segmentation that will further be discussed in this paper. 

Further research on the mechanism of action of the antioxidants on HAAs would allow us to 

control the formation of undesirable odor-active off-product and enhance consumer 

acceptance.   

  

Meurillon, M. and Engel, E. (2016). Mitigation strategies to reduce the impact of heterocyclic 

aromatic amines in proteinaceous foods. Trends in Food Science & Technology, 50, pp.70-84. 
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The present work tests how consumers describe the concept of food complexity in relation to 

oral processing features. 

 Different kinds of visible particles: wheat bran (WB), ground coconut (CO), flaxseeds (FX), 

and oat meal (OM) were added to cheese pies with the aim of increasing the complexity of 

both their appearance and their texture. Two more recipes were also prepared with no 

particles added: a basic recipe (B) and a cream-added sample (C). 

 Complexity scoring and sensory profiling (n = 80) of the six pie formulations were 

performed. In addition, the consumers were asked to write down the characteristics they took 

into account when rating the complexity of the pies. 

Sample WB was significantly the most complex, followed by sample FX. Sample OF was 

rated as significantly less complex than samples WB and FX and not significantly different 

from sample CO. Although samples OF and CO had visible particles, they were white and 

integrated into the pie mass, especially the coconut which probably elicited lower perception 

of complexity than darker, visible particles as wheat bran or flax seeds. Finally, samples B 

and C, the two with no particles added, were rated with the lowest values and as equally 

complex. 

From the consumers’ comments, 54 terms were extracted. Each consumer generated between 

4 and 9 terms. An analysis of number and frequency of mention of the terms generated was 

performed. Examples of terms involving particle detection both visually or in-mouth were: 

appearance, diversity, amount, particles, seeds, structure, addition, different color, 

distribution, or heterogeneous, and terms involving in-mouth sensations were: in-mouth, 

perception, difficult/ easy chewing, in-mouth evolution, mouth fullness. Some flavor notes 

such as taste, coconut, sweet, odor, egg, caramel, or cereal were also mentioned. 

Since a large part of the research on food complexity deals with different flavor stimuli, the 

results of the present study, indicated that also a more complex oral processing resulted in a 

greater appraisal of food complexity in the consumers’ mind. 
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Structure of food, in addition to composition, has a significant influence on the kinetics of 

digestion and availability of nutrients. In particular for bread, the higher the density, the lower 

the glycemic index. 

The objective of this study was to better understand the role of the oral phase on bread digestion, 

especially by the action of salivary amylase. More precisely, model in vitro boluses were 

produced in order to distinguish the 3 main mechanisms involved in oral processing (hydration, 

enzymatic degradation, comminution), and were compared with real in vivo boluses. 

Four breads (French baguettes), varying in structure and / or composition were studied. In vitro 

boluses were obtained by mixing bread pieces with a lubricating fluid. Particle size, type of 

fluid (water, saliva or amylase solution) and hydration rate were varied, in order to understand 

their influence on bolus properties. In vivo boluses were collected from 8 panelists just before 

swallowing. Rheological properties (storage and loss moduli G’ and G”) and starch hydrolysis 

(concentration of glucose in bolus) were measured and compared in all boluses. 

Results showed a major effect of hydration and enzymatic mechanisms on boluses properties. 

Breads having a higher density and a higher Young modulus led to boluses with higher G’ and 

G” values. A decrease in G’ and an increase in tand and glucose content in bolus were observed 

for boluses obtained with saliva instead of water, suggesting boluses structure changes due to 

the action of salivary amylase. An increase in hydration rate or a decrease in particle size led to 

a decrease of G’, but had no effect on tand and glucose release, probably because of a dilution 

or mechanical effect, instead of an enzymatic effect. The industrial baguette, which had the 

lowest density and the highest glycemic index, displayed a higher glucose release than the other 

breads, for both in vitro and in vivo boluses. This baguette also showed in in-vivo conditions 

highest hydration rate and lowest particle sizes. 

This study confirms that oral phase plays an important role in starch digestion of bread and 

should therefore be considered in digestion studies. 
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The preparation of a food bolus for swallowing is the main task of oral elements involved in 

the masticatory process. The combined events designed for that are perfectly adjusted to food 

structure. With a correct oral state and normal mastication, a follow-up to the bolus formation 

provides great information regarding mechanisms underlying food breakdown and other 

processing during which oral sensations and first steps of digestion take place. The food bolus 

is the result of matrix breakdown and saliva incorporation that favors particles agglomeration, 

combined outcome finally triggering swallowing.  This work aimed at investigating the kinetics 

of bolus formation along the masticatory process regarding physical characteristics and oral 

bioaccessibility of nutrients. 

In vitro masticatory sequences were realized with the AM2 masticator apparatus programmed 

for normal mastication of Frankfurters thanks to in vivo data obtained during chewing the same 

food model. Normal masticatory sequences were experimentally stopped at different stages 

until the swallowing point (after 1/3, after 2/3 and at the end of the complete masticatory 

sequence). Frankfurters samples were prepared in cylindrical shape (6.5 ± 0.2 g). After liquid-

solid phase separation, boluses were analyzed for physical (granulometry, rheological behavior) 

and chemical (protein/lipid oxidation, iron/peptides release in liquid phase) characteristics. 

From the beginning to the end of mastication, median particle size decreased from 9.38 ± 2.64 

mm after 1/3 of the masticatory sequence to 5.02 ± 0.51 mm in the swallowable bolus.  At the 

same time, the Frankfurter food bolus became softer, stickier, and less cohesive and elastic. The 

release of free-iron and peptides in the liquid phase significantly increased (63% and 16% 

respectively) from the first third of masticatory sequence to the masticatory endpoint due to 

progressive matrix disintegration. Protein oxidation also significantly increased in liquid phase 

of the bolus of Frankfurter model. 

This work highlighted significant changes in physical and chemical characteristics of food 

bolus throughout the masticatory sequence conferring emphasis on food matrix disruption and 

potential consequences to be considered both in terms of physical passage during swallowing 

and bioaccessibility of nutrients for example in case of impairment of this oral stage. 
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The application of tribology in food research has revealed important correlations between 

lubrication properties and perception of foods. Tribology, also called “thin-film rheology”, is 

the study of friction, lubrication and wear of interacting surfaces in relative motion. In relation 

to sensory perception and oral processing of foods, the tongue and palate represent two 

interacting surfaces. These two surfaces are lubricated by the adhered mucous layer, saliva and 

food. The majority of the tribology studies to date has been carried out using tribometers that 

applied a linear or rotational movement. However, recent work on directly measuring tongue – 

palate movements during oral processing in subjects has shown that the actual movement of the 

tongue is better described by an ellipse. In this paper, we will describe the result of the study 

on the impact of the shape of the movement on the measured lubrication. For this purpose we 

used well-defined model food systems. 

The current study focused on the lubrication of particles in aqueous suspensions. Three types 

of particles were studied: emulsion droplets, microparticulated whey proteins and starch 

granules. These three model food systems span a range of products relevant for fat reduction. 

The emulsion served as a frame of reference with respect to lubrication. Microparticulated whey 

proteins served as reference material with smooth, spherical particles that showed good 

lubrication behaviour. Polyhedral rice starch showed a negative impact on lubrication 

(increasing the friction between the two surfaces). This study included different starch types to 

reveal the impact of size and shape on the lubricating properties of these food particles. A wide 

range of micro-granular starches with different size and shape were extracted from different 

sources, including quinoa, amaranth and wheat. 
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Saliva is becoming an increasingly useful research material across multiple fields of inquiry, 

including biomedical, dental, nutritional and food choice research. However, both the flow rate 

and protein composition of stimulated saliva differ as a function of the collection method.  We 

hypothesized that the context in which a salivary stimulus is presented may alter salivation via 

top down cognitive effects.  Here, we presented participants with a constant stimulus 

(commercially available green tea) in two separate contexts, once where the tea was described 

as a food item (“tea”) and once where it was described as a disgusting “non-food” item (“rabbit 

hair extract”).  Saliva and the expectorated stimulus were collected following 15 seconds of 

oral exposure in a crossover design with the same stimulus under both contextual conditions; 

saliva was also collected for 5 minutes after stimulation while chewing a piece of 

wax.  Participants also completed several validated personality instruments to measure food 

involvement, sensation seeking, sensitivity to reward, and sensitivity to punishment.  Our data 

indicate participants salivated more when told they receive the non-food stimulus compared to 

the food stimulus, particularly when they were given the non-food stimulus first.  Further, 

individuals who were more sensation seeking salivated more during the “tea” condition 

compared to individuals with lower sensation seeking scores, but this difference was not 

observed during “rabbit hair extract” condition.  We interpret these data as showing a top down 

cognitive effect on salivary flow: that is, the context in which a salivary stimulus is presented 

alters salivary flow rates, and this effect may interact with personality factors.  
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During the consumption of food products, such as ice-cream, soups, sauces or beverages, fat is 

deposited on the tongue that may contribute to mouthfeel perception. Camacho et al. (1) 

investigated the properties of oil coating on the tongue by model oil/water emulsions varying 

the oil content between 1 and 20% with a fat content difference between the samples of at least 

5% fat.  The oil fraction that was deposited on the tongue was found to increase linearly with 

increasing oil content in the emulsion impacting fatty film and flavor perception. To go one 

step further, we investigated if this effect is still observed during the consumption of real food 

products having a lower fat content than 5% and a smaller fat content difference, such as present 

in whitened coffee beverages. 

A qualitative sensory analysis was carried out on whitened coffee beverages varying the fat 

content from 1 to 4%.  The in-vivo Spectrofluorimetry method was used to investigate the fat 

deposition on the tongue. 

Significant differences in the fluorescence intensity was observed when varying the fat content 

in these emulsions. This points to a different fat deposition on the tongue. The more fat in the 

emulsion, the more fat deposited of the tongue. Further, spectrofluorimetry results were 

positively correlated with mouthfeel sensory attributes such as thickness and mouthcoating. 

These results show that subjects are able to differentiate products with small low fat difference 

content, and one possible mechanism to explain the differentiation is taking into account the 

difference in fat deposition on the tongue. 

  

Camacho et al. (2014) Physical and sensory characterization of oral coatings by oil/water 

emulsions. J. Agric.Food chem., 62, 5789-95 
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Background and objective: Mastication is a complex, rhythmic act during which the tongue, 

facial and jaw muscles act in coordination with each other, to position the food morsel 

appropriately in between the teeth, break it down into smaller pieces and prepare it for 

swallowing. The brain, by virtue of various orofacial mechanoreceptors, assimilates and 

organizes all the sensory information for sensorimotor regulation, and to optimize oral 

functions. It is suggested that the sensorimotor cortex can undergo neuroplastic changes 

following alterations in intraoral sensory inputs. Therefore we investigate if alteration of 

different orofacial afferent inputs would have different effects on oral fine motor control; and 

also tested the hypothesis that repeated training with splitting of food morsel in conditions with 

reduced afferent inputs would decrease the variability and lead to the optimization of bite force 

values and jaw muscle activity. Methods: Forty five healthy volunteers participated in a single 

experimental session and were equally divided into incisal, mucosal and block anesthesia 

groups. The participants performed six series (with ten trials) of a standardized hold and split 

task after the intervention with local anesthesia was made in the respective groups. The hold 

and split forces along with the corresponding jaw muscle activity were recorded. Results: There 

was a robust increase in the hold force during the incisal and block anesthesia in comparison to 

mucosal anesthesia (P<0.030). The electromyographic (EMG) activity during the hold phase of 

masseter muscles was significantly higher in the block anesthesia group than the mucosal group 

(P<0.026). Conclusions: The results of the study indicate that altering different orofacial 

afferent inputs may have different effects on some aspects of oral fine motor control. However, 

there was no evident optimization in terms of reduction in the variability of bite forces and jaw 

muscle activity, during repeated splitting of food morsel, under the influence of anesthesia. 
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At birth, one of the first stimulus are nasal breathing and breastfeeding. The mandible is 

disproportionately small compared to the skull and the act of suckling permits its development. 

After breastfeeding, child is ready to transition to more solid foods other than liquids. Around 

7-8 months, anterior teeth irrupt. It’s a sign of changing the backward-forward movements into 

lateral movements. And food texture has an important role in this change. The next teeth to 

irrupt are the molars. 

Intermittent tongue, lip and cheek forces influence precise tooth position, especially at the next 

developmental step of dentition: canine irruption (18-20  months.) 

Both human and animal studies have reported the effect of food consistency on orofacial 

development, suggesting that a diet with harder textures enhances growth, by increasing the 

horizontal component. (Le Reverand et al, 2014) The rhythmic jaw movements is generated by 

a neuronal network located in the brainstem (CPG). (Lund & Kolta 2006, Morquette et al, 2012) 

Because this is established at the second half of the first year, the hardness of food must be 

considered from the start of weaning. For mastication efficiency, the number of teeth and the 

quality of the contacts (between lower and upper jaws) is of primary importance. (Yamashita 

et al 1999)  But their proper position is a consequence of muscle activities before their eruption. 

(Sarrafpour et al, 2013) A lower position of the tongue as well an altered muscle balance 

between the tongue and buccinators muscles leads the upper canines to “over irrupt” the oclusal 

plane, which could result in a class II position of the mandible. For mastication, the more teeth 

contacts during lateralization of the jaw, the more efficient it will be. And even more, it has to 

be balanced in both sides, to not result in growth asymmetries. 

The lack of references relating the establishment of deciduous dentition (their functional 

position, their contacts and angles formed during jaw movements), food consistency and CPG 

formation, does not allow us to draw conclusions about the age at which mastication efficiency 

reaches maturity. 

However, at our daily clinic we have many patients whose history of non-breastfed, oral breath, 

non-nutritive habits and soft diet is written in their “non-functional smile.” 



4th International Conference on Food Oral Processing, Lausanne (Switzerland) 2016 

Poster Session 3: Interaction of food and oral anatomy (IFAO) 

PP29 Sensory Effects of Transient Receptor Potential 

Agonists on Salivary Secretion 

Jack Houghton1, Gordon Proctor1, Guy Carpenter1, Jakob Ley2, Joachim Hans2, 

Manuel Pesaro2.  

1KCL (London, GB); 2Symrise AG.  

Identifying compounds that increase salivary flow and modify salivary composition in a 

desirable way is relevant for the development of treatments for chronic dry mouth (xerostomia). 

The salivary glands respond to flavour compounds in the oral cavity, such as sour and sweet, 

by increasing their secretory output and potentially modifying composition.  Transient receptor 

potential (TRP) channels are expressed in the oral cavity in a number of cell types and this study 

investigates how the activation of different TRP channels in the oral cavity effects salivary 

glands. 

Healthy volunteers rinsed for 30 sec with 10 mL of different mouth rinses containing a TRP 

agonist - menthol, cinnamaldehyde or nonivamide.  Either whole mouth saliva (WMS) or 

separate parotid and non-parotid saliva were collected following the mouth rinse and flow rates 

determined. Qualitative protein composition and extensional rheology of collected saliva were 

analyzed using SDS PAGE followed by protein staining and western blotting, and by 

Nevameter respectively. 

One ppm nonivamide (TRPV1 agonist) and 500 ppm menthol (TRPM8 agonist) were 

demonstrated to increase WMS flow rate for 1 min after a 30s mouthwash whereas 

cinnamaldehyde (TRPA1 agonist) failed to elicit an increase even at high concentrations (300 

ppm). SDSPAGE of post-mouthwash samples showed nonivamide elicits a change in salivary 

composition and western blotting showed that cystatin S secretion may be increased.  The 

extensional rheology of WMS secreted after stimulation with TRP agonist containing mouth 

rinses was decreased compared to unstimulated saliva. 

It can be concluded that nonivamide and menthol but not cinnamaldehyde can illicit salivary 

secretion. The protein composition of saliva changes in response to nonivamide mouth rinse, a 

change that may be due to a direct effect of the agonist on the minor salivary glands or a nerve 

mediated effect on the salivary glands. TRP agonists appear to cause a change in the extensional 

rheology of saliva. 
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Saliva is the first biological fluid in contact with food during consumption. As such, it might 

exert an important role on the release of volatile compounds from foods into the oral cavity. 

Thus, understanding this role could help to explain aroma perception, food preferences and 

dietary intake in human. To date, most of the studies performed on the field have employed 

compositionally simple artificial salivas or pools mixing human salivas from different 

individuals. Nevertheless, the whole complexity of human saliva and the effect of 

interindividual differences on aroma release remains underexplored. Therefore, there is a need 

to gain a better understanding of the effect of human saliva composition on important food and 

beverages aroma compounds. 

The first objective of this work was to optimise and validate a static HS-GC method to measure 

volatile partitioning from aqueous solutions. This method was adapted to microvolumes, as the 

collection of suitable amounts of human saliva for experimental purposes is tedious, unpleasant 

and sometimes (e.g hyposalivation) very difficult. Then, the HS-GC methodology was applied 

to a wide range of aroma compounds in presence or absence of a food matrix component 

(epigallocatechin-3-gallate gallate « EgCG »). Each volatile compound assayed was analysed 

in presence of individual human salivas submitted or not to a centrifugation process (n=6). 

Control samples (with water) were used to better understand the different mechanisms that 

saliva might induce on the partition of aroma compounds. 

Results showed that human saliva exerts a significant effect on the partition of volatile 

compounds through different mechanisms: it appears that some aroma compounds are affected 

by interactions with organic or inorganic salivary constituents, while others undergo enzymatic 

degradation (e.g. diketones). The observed effects were both compound-dependent and 

individual-dependent. We also found differences between saliva samples from the same 

individual submitted or not to a centrifugation process. Centrifugation tends to standardize the 

samples and to underestimate the saliva effect. Moreover, the addition of EgCG boosts the 

differences observed on the volatile partitioning among individuals. These results show the 

importance of considering interindividual differences on human saliva composition to better 

understand food flavour perception.  
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The effects of food texture such as hardness on chewing behavior are well known. However, 

relationship between chewing pattern and rupture strain value which is important indicate of 

food texture has not been clear. The aim of this study is to investigate the influence of rupture 

strain value on chewing behavior using the surface electromyographic (EMG) activity of 

masseter muscles. 

Twenty-two consenting female healthy adults participated in this study. The surface EMG of 

masseter muscles was recorded during mastication of the model food (MF) and gummy candy 

(GC) each four times. The rupture strength, shape and size of the MF are adjusted almost same 

those of GC. The rupture strain value of MF is prepared to about 65%, clearly different from 

that of GC (about 96%). 

Data of EMG was analyzed with AcqKnowledge (BIOPAC system, Inc.). After rectification of 

EMG signals, entire interval of mastication was divided into three sections (early, middle and 

ending phase). The muscle activity of right and left masseter was integrated recorded signals of 

the all individual bursts of each phase. Then all masseter activities were normalized by 

maximum value of each person or each food. 

The masseter activities of GC were significantly higher than those of MF. GC has the following 

features: 1) the masseter activities (right and left) of early and middle phase were higher than 

ending phase, 2) the right masseter activity at early phase was higher than the left side, 3) 

furthermore right masseter activity showed characteristic pattern that early phase of the second 

session was especially higher than the first session. 

 This study has revealed that the degree of rupture strain of the visco-elastic food has significant 

influence on chewing behavior. Notably the difference between first session and second session 

of the right masseter muscle activity at early phase of GC is very remarkable. It might be 

suggested that the food with very high rupture strain is induced to evaluate physical properties 

of the foods at first, and adjust the chewing behavior. 
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Introduction 

Dysphasic patients are often fed with soft foods made of gels. Although they swallow foods 

after mastication with teeth or squeezing with tongue, most studies regarding mechanical 

properties of gels and thickened water evaluate swallowing without mastication or squeezing. 

The aim of this study is to investigate the effects of mechanical properties of gels on tongue 

pressure and movement of swallow-related organs during swallowing after squeezing 

quantitatively. 

Materials and Methods 

Nine healthy subjects (9 men, 32.2±4.28 years) without disturbance of mastication and 

swallowing participated in this study. Tongue pressure during swallowing gels after squeezing 

and water was measured by an ultra-thin sensor sheet with five measuring points. Tongue, 

hyoid, velopharynx, thyroid cartilage and bolus movement were observed by 

videofluorographic images synchronously. Five ml of water and two types of gel samples with 

different fracture forces were used as test materials. Subjects were instructed not to chew gels 

but to squeeze them with their tongue and palate. There was no restriction on the number of 

squeezing and the time when they swallowed. Tongue pressure (magnitude and duration) was 

compared between water and gels. Hyoid movement (maximum velocity, distance and 

duration), velopharyngeal closure (duration), thyroid cartilage elevation (duration) and bolus 

movement (duration) were also compared. 

Results 

Magnitude of tongue pressure was larger during swallowing gel than water, especially at 

anterior-median and mid-median parts of hard palate. Velocity and distance of hyoid movement 

were also larger during swallowing gels. On the initiation swallowing, the tip of gel bolus was 

transported to pharynx though the tip of water was in oral cavity. However, there was no 

significant difference in tongue pressure, hyoid movement, velopharyngeal closure and thyroid 

cartilage elevation between two types of gels. It was seemed that two types of gels became 

almost same mechanical property by squeezing with tongue. 

Conclusion 

These results suggested that the swallowing after squeezing was different from simple swallow 

and that the food oral processing including squeezing influenced pharyngeal swallow. 



4th International Conference on Food Oral Processing, Lausanne (Switzerland) 2016 

Poster Session 4: Food oral processing: first step of digestion (FSD) 

PP33 Short-term effects of chewing gum on satiety and 

afternoon snack intake in healthy weight and obese women 

Eunyoung Park1, Indika Edirisinghe1, Sophie Miquel-Kergoat2, Mike  Kelley2, Taichi Inui2, 

Britt Burton-Freeman1.  

11Center for nutrition research, Institute for Food Safety and Health- IIT (Chicago, US); 
2Wrigley (Mars Inc.).  

Background and aims: Afternoon snacking contributes significantly to total energy intake. 

Strategies to enhance the satiety value of lunch and reduce afternoon snacking are of interest 

for body weight management. Objectives: To assess whether between-meal gum chewing 

would enhance the satiety response to a fixed lunch meal; and assess the role of cholecystokinin 

(CCK) as a potential mediator of the response in non-obese healthy weight and obese women. 

Methods: Fifty unrestrained obese (n=25) and non-obese healthy weight (n=25) women 

participated in a two-arm crossover study assessing multiple (15 min per hour X 3 h) gum 

chewing (GUM) occurrences or no gum (Control) on subjective ratings of satiety, subsequent 

sweet and salty snack intake, CCK and general metabolic responses. Results: GUM compared 

to Control resulted in significant suppression of hunger, desire to eat and prospective 

consumption (p<0.05). Total snack energy intake was reduced ~9.3% by GUM, but not 

significantly different from Control (p=0.08). However, overall carbohydrate intake was 

reduced by GUM (p=0.03). This was consistent with a reduction in snacks characterized as high 

carbohydrate, low fat (p=0.02). BMI specific effects indicated GUM reduced pretzel intake in 

obese women (p=0.05) and Oreo cookie intake in healthy weight women (P=0.03) 3 hours after 

lunch. Metabolic responses and CCK did not differ between experimental conditions. 

Conclusion: Chewing gum intermittently post-lunch enhances perceptions of satiety and may 

have important implications in reducing afternoon high carbohydrate-snack intake.   
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The objective of this study was to determine whether people differ in their liking of food 

textures and whether they can be grouped according to these differences. Participants completed 

a survey evaluating their liking of 106 different attributes from the literature related to food 

texture. Each participant’s liking scores for all of the attributes were centered and standardized. 

We used a 34-factor principal components analysis (PCA) with Varimax rotation to summarize 

the data for the different attributes. Texture attributes were the variables, and participants were 

the observations. We then conducted agglomerative hierarchical clustering (AHC) analysis with 

factor scores as the variables and participants as the observations to see which factors were 

important for grouping individuals. The attributes that were rated sorted into principal 

components that were, for the most part, meaningful. For example, Component 1 was positively 

correlated with Smooth and negatively correlated with Rough. None of the 34 factors, however, 

explained more than 2.9% of the variance. The majority of individuals were clustered into a 

single group that could not be characterized by its pattern of liking for texture attributes. Other 

clusters seem to be formed by “outlier” individuals. A 5-cluster AHC was most appropriate for 

characterizing the data because it produced groups that were sufficiently different without being 

too small. The smallest group contained only 7 individuals and was characterized by liking for 

Crunchy and disliking for Pliable. The second smallest group contained 8 individuals and was 

characterized by liking for Gooey and disliking for Lumpy. Liking scores, however, were 

largely not predictive of groupings. The difficulty in producing interpretable clusters is 

consistent with the normal distributions of liking ratings that were observed for each of the 

attributes, rather than a bi- or multimodal distribution.  
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Health benefits associated with plant milks consumption have increased the attempts to develop 

non-dairy yoghurt-based products. This work aimed at standardizing the production technology 

and exploring the quality parameters of yoghurts made of almond and soy milk. Different 

yoghurt-making trials were carried out on a pilot scale following the limited information 

available concerning the experimental process flow chart for soy-yoghurt production, with 

modifications. Samples were assessed by a trained panel of five laboratory members (4 female 

and 1 male, aged 25-35 years). Samples were described using the Quantitative Descriptive 

Analysis (QDA) technique. The QDA test was administered using a 5-point scale ranging from 

1 (little) to 5 (very much) regarding the following attributes: external aspects, odor, texture, 

basic tastes, flavor, and after-taste. The process flow charts for almond and soy-yoghurts 

production, using starch and valine, and valine were adopted, respectively. Selected 

physicochemical, microbiological, and sensory parameters were monitored after production, 

with specific reference to the type of milk. Compositional parameters such as moisture, protein, 

fat, ash and pH were performed. Profiles of the fatty acids (FAs) were determined using gas 

chromatography. The acceptance test was carried out with 35 consumers (aged 19-41 years), 

preselected according to their habits of consumption. Yoghurt produced from almond milk was 

characterized by its lower moisture, ash and protein content, but higher pH and fat content in 

comparison to that of the soy-yoghurt. The most abundant FAs were palmitic, oleic and linoleic 

acids. Yoghurts with almond milk had a higher medium- and long- chain FAs groups, than that 

made with soy milk. Interestingly, gadoleic acid (C20:1) was markedly present in soy-yoghurt. 

Total bacterial counts were lower in almond milk-based yoghurts. Sensory data revealed higher 

scores for overall appreciation for almond-yoghurts. The production of plant milk-based 

yoghurts could be an interesting and feasible opportunity for the non-dairy industry, allowing 

its expansion in the Lebanese market. Regarding this opportunity, efforts aimed at obtaining 

products with proper characteristics and satisfactory acceptance by consumers with dietary and 

allergy concerns is of particular interest. 
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The function of mastication is to crush food, stimulate the secretion of digestive fluids including 

saliva, and aid digestion and absorption. It is known that tooth loss due to aging decreases the 

masticatory function. 

In this research, Dongchimi (one of famous Korean Traditional Kimches) for the elderly was 

prepared. Generally, it is very hard for the elderly to chew radish (major material to prepare 

Dongchimi) due to its high value of hardness (1.5 X 106 – 1.8 X 106 N/m2). Therefore, radish 

was ground and reconstituted to the size of 2 X 2 X 1.5 cm using gelatin as materials for the 

texture modification. Other ingredients, such as, garlic, ginger, pear, etc. were added and 

fermented to prepare Dongchimi. 

Initial pH of Dongchimi was around 5.79-5.98. Time to reach optimum pH (around 3.9) was 

investigated at different fermentation temperature (4oC and 20oC). It was required more time 

(13 days) to reach optimum pH than control (8 days) at 4oC. However, at 20oC, only 3 days 

were required to optimum pH regardless of samples. 

When it comes to hardness, although there were no differences in control (1.8 X 106 N/m2) 

after fermentation, much lower value was obtained for the reconstituted one (1.6 X 104 N/m2) 

indicating reconstituted Dongchimi is suitable for the elderly. 

In general, Universal Design Food (UDF), available in Japan, classifies processed foods into 

four groups, such as UDF1, UDF2, UDF3, and UDF4, in which UDF3 and UDF4 are suitable 

for the elderly for whom it is hard to chew hard foods. 

Conclusively, various edible materials such as xanthan gum, guar gum, carrageenan, etc. could 

be used to prepare texture modified foods for the elderly. 
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Texture modification of foods by adding thickening agents (TA) is a popular intervention for 

safe swallowing of dysphagia patients. However, we lack information on the effects of TA on 

the efficiency of food comminution by mastication. This study aimed to clarify the effects of 

adding TA on the efficiency of peanuts fragmentation during chewing. Eight healthy 

individuals (aged 31.1 ± 4.1 years) chewed peanuts (2.8–3.0 g) with various amount (0, 1, 2, 

and 3 ml) and consistency (0%, 3%, and 6%) of TA solution. The major components of TA 

(Tsururinko Quickly, Clinico Co., Japan) are dextrin (65.0%) and xanthane gum (30.0%), and 

the thickness of 3% and 6% TA were class 3 (moderately thick) and 4 (extremely thick), 

respectively, according to the criteria of IDDSI. After 20 chews, the participants spat out the 

food on to a 10-mesh sieve. By measuring the dried weight of the particles retained on the sieve, 

food comminution index (FCI) was calculated as the percentage weight of the comminuted food 

that passed through the sieve. FCI without TA was 84.5 ± 3.6%. By adding 1, 2 and 3 ml of 6% 

TA, it decreased to 74.9%, 76.8%, and 73.1%, respectively, and the decrement from 0 to 1 and 

2 ml were statistically significant (Kruskal-Wallis test with post hoc analyses using Bonferroni 

correction). When the consistency of TA (2 ml) was changed from 0% to 3% and 6%, FCI 

changed from 83.6% to 79.1% and 76.8%, respectively; however, the changes were statistically 

insignificant. The rate of mastication is thought to depend on two factors: the chance that food 

particles have of being fractured by the teeth during any chew, and the size distribution of 

fragments produced by any particle that fractures. TA may reduce efficiency of mastication by 

affecting the former component. 
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The fondant widely used in the confectionery industry and has a high popularity among 

consumers. The high sucrose content in product and maintaining high consumer properties of 

lipstick during storage are topical issues.The Managing the process of crystallization of sucrose 

during the manufacture of lipstick enables to control the timing of storage of finished products. 

One solution to this problem can be the introduction of a new lipstick ingredient as a source 

center crystallization. This new ingredient is a specially prepared bran of amaranth. The bran 

of amaranth is a defatted seed of the plant Amarantus cruentus - secondary raw materials after 

receiving the oil. The bran of amaranth  has a unique chemical composition-minerals and high-

molecular compounds: protein, pectin and fiber. The amaranths bran was specially prepared: 

thermally processed by the infrared spectrum, and crushed. After treatment, amaranth bran has 

a cream colored powder with a pleasant nutty taste and particle size in the range of 10 to 25 

mcm is not less than 80%.  The powder is introduced into a sugar-molasses solution after 

boiling process in the Fondant beater car. The addition of amaranths bran into the recipes of 

fondant has a positive effect on the process of crystallization: the sugar-treacle syrup containing 

amaranths bran  is accelerated by reducing latency period af the crystallization. This is due to 

the fact that the high-molecular compounds bran reduces the degree of hydration of the 

molecules of sucrose, tying the free moisture, for example, pectin substances of amaranths bran 

there a methyl radical, which has the ability to bind free moisture solution, thereby increasing 

of supersaturation. With an increase in supersaturation of the solution critical size nucleating 

agent decreases, so crystallization centers are formed faster. The smaller the latency period has 

better the nucleation rate and the crystallization process ends early, thus reducing energy 

costs.The dispersion of the fondant  is grow and that can slow the growth of crystals during 

storage. Introduction of the amaranths bran reduces the sucrose content in a finished product 

and increase its nutritional value. 



4th International Conference on Food Oral Processing, Lausanne (Switzerland) 2016 

Poster Session 6: Analytical techniques to measure food oral processing 

PP39 Texture evaluation of soft gellan gels using an 

artificial tongue 

Zhihong Gao1, Sayaka Ishihara2, Satomi Nakao2, Takahiro Funami2, Kaoru Kohyama1.  

1NARO (Tsukuba, JP); 2San-Ei Gen F.F.I., Inc..  

The objective of this study was to evaluate the texture of soft gels that can be processed for 

swallowing by compression between the tongue and palate or chewing using molars.  Five 

gellan gels with 1) similar fracture strains and three different fracture loads (F1 < F2 < F3), and 

2) similar fracture loads and three different fracture strains (S2 < F2 < E2) were evaluated by 

instrumental compression testing and sensory evaluation of oral strategy. In addition, a 

combination of a gellan gel and a sonagel, which has an apparent elastic modulus similar to that 

of the human tongue, was subjected to ultrasound (US) elastography [1] and a compression test. 

The fracture profile of the gellan gel during the instrumental compression test on the sonagel 

as an artificial tongue precisely corresponded to the oral strategy. The strain ratio between the 

gellan gel and sonagel observed by US elastography had a high linear correlation with the 

reciprocal of the apparent elastic modulus of the gellan gel. The oral strategy changes from 

tongue–palate compression to mastication with increasing apparent elastic modulus or 

decreasing US strain ratio. The results reveal that the apparent elastic modulus is an important 

factor influencing natural oral strategy of gels. 

Reference 

[1] Gao, Z., Nakao, S., Ishihara, S., Funami, T. and Kohyama, K.: A pilot study on ultrasound 

elastography for evaluation of mechanical characteristics and oral strategy of gels. Journal of 

Texture Studies, DOI: 10.1111/jtxs.12170  
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                Texture perception is one of the most important criteria involved in consumer food 

choices, with a high contribution of tongue-palate compression during oral processing. 

However, texture is a complex dynamic perception due to its multi-parameter and multi-

sensorial characteristics. Quantitative UltraSound (QUS) techniques are good candidates to 

improve the understanding of texture perception, due i) to their non invasive and non destructive 

nature, ii) to their sensitivity to real-time variations of bulk and interfacial mechanical 

properties. 

                The aim of this study is to investigate the potential of QUS to monitor food 

mechanical response during a compression. Two model dairy gels were considered in the study, 

consisting in rennet gels with different concentrations in milk retentate powder. Gels samples 

were analyzed through compression tests to measure apparent Young modulus, fracture strain 

and fracture stress. A tension compression machine was used to mimick the cycles of 

compression between tongue and palate during oral processing. The ultrasonic device is 

composed of a 1 MHz piezoelectric transducer used in echographic mode. Every 10 ms, the 

ultrasonic generator emits a compressional wave perpendicularly to artificial tongue and palate 

surfaces. The same generator records backscattered waves and ultrasonic Speed Of Sound 

(SOS) was determined in food samples using signal processing. 

                The method enabled the real-time measurement of SOS before and after, but also all 

along compression stages. SOS provides information about the evolution of mass density and 

mechanical properties for the all experiments duration. For both samples, the results showed a 

decrease of SOS as a function of time during the experiments, reflecting the mechanical 

breakdown induced by compression. Higher SOS values were measured for samples prepared 

with higher concentration in milk retentate powder, which is consistent with the higher values 

of Young's modulus reported during preliminary compression tests. 

                These results pave the way for the use of QUS to monitor food mechanical breakdown 

and its interaction with surrounding interfaces during a tongue/palate compression. The 

medium-term objective of such an approach would be to transfer the method to an in situ 

configuration in order to confront QUS mechanical data to consumers sensory perception. 
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Objectives: The characterization of the particles of the solid phase was widely used to 

characterize the food bolus composition. A systematic review following to the PRISMA 

checklist was applied on PubMed and Science Direct data bases with terms: "particle size" 

(MeshTerm) et "Masticatory OR Chewing" (all fields). Respectively, 313 and 146 sources were 

identified. It was shown that the methods to determine the D50 values were often poorly 

detailed and/or varied greatly. This study aimed to analyze the effects of the conditions for 

bolus preparation on the evaluation of particles’ number, median particle size, mean circularity 

and mean areas of particles in a carrot bolus. 

Methods:  Nine series of twelve carrot boluses were produced in vitro with the AM2 masticator 

apparatus programmed for normal mastication. The series were treated differently before image 

analysis with the ImageJ open source program. The conditions for bolus preparation were: 24h-

freezing vs no freezing; rinsing/sieving vs no rinsing/sieving; desiccation temperature (37°C vs 

80°C) and desiccation duration (0, 15min, 30min). The effects of the conditions for bolus 

preparation were analyzed by comparison between series of the mean values of number of 

particles, median particle size (D50), particle circularity and particle areas (Student t'test). 

Results: The conditions to prepare the bolus for granulometric analysis affected the 

morphological characteristics of the particles. Mean values of D50, and surface decreased 

significantly after 15 minutes desiccation and remained unchanged for longer dessications, 

whatever the temperature. After 15 min desiccation at 37°C, mean D50 and circularity values 

of particles in frozen bolus were significantly decreased. 

Conclusions: The conditions for bolus preparation before image analysis should be balanced 

between the required sensitivity of the measure and the easiness for experimental 

manipulations, but in all cases, these conditions should be detailed when reporting measures of 

size, number, circularity and/or surface of the particles. 
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Background 

Due to the swallowing is the complex action with fast movement and configuration changes, it 

is difficult to visualize the accurate bolus behavior and hard to evaluate numerically using 

physical quantities (such as force, shear rate, velocity, energy and work) during swallowing by 

conventional medical images and measurements. Physical quantities on human organ during 

swallowing are considered as important information for the development of the appropriate 

food product for elderly persons and swallowing difficulties. 

Purpose 

The purpose of this work is to estimate the physical quantities on organ surface received from 

the food bolus during swallowing with the simplified experiment of bolus flowing down on the 

flat inclined plate. Physical quantities on human organ received from food bolus were estimated 

quantitatively from measurement values on the inclined plate. 

Methods 

The material with specific wettability was put on the simplified flat inclined plate. The food 

sample was supplied on the plate by the piston pump. The food bolus velocity on the plate was 

measured by the disruption signal of laser sensors located on the upper and lower position of 

side wall of the plate. The contact angle and the thickness of the bolus tip were measured from 

the picture recorded by the camera on the side wall. The changes of the diffusion area of food 

bolus were calculated from movies recorded by the high speed micro scope set on the vertical 

direction from the plate. Physical quantities on the plate were calculated from these measured 

values. 

Result and conclusion 

 The repeatability and validity of the measuring methods were confirmed by trials of several 

types and several concentration of thickener and several plates with specific wetting properties. 

The behavior of the bolus flowing down on the plate was considered as similar to food bolus 

configuration during swallowing qualitatively. In order to consider the meaning of calculated 

values much deeply, it is necessary to compare with optimized sensory evaluation results. If the 

relationship between sensory evaluation and calculated values was clear, these calculated 

values might be able to use to development of the appropriate food product for elderly persons 

and swallowing difficulties. 
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Mechanisms of oral processing depend on food properties. The mechanisms have been well 

described in the case of solid food products. However, those involved in the oral processing of 

soft foods have been less investigated so far. Soft foods are mainly subjected to compression 

and shearing movements between the tongue and the palate. The objective of this work was to 

measure tongue-palate pressure developed during the consumption of six commercial food 

products (chocolate spread, chocolate mousse, dairy creams, sweet flan and yogurts).  For this 

purpose, an artificial palate with 4 embedded strain gauges was developed. Pressures were 

measured in real time during the consumption of the products, either in a natural consumption 

way or with fixed oral processing duration. Pressures were analyzed during oral processing 

(squeezing of product) and at swallowing. Under natural consumption, changing texture was 

found to affect the amplitude of tongue pressure, the numbers of tongue movements and 

processing time. The amplitude of tongue pressure during oral manipulation differed between 

products. Maximum pressure varied between 39 kPa (chocolate spread) and 22 kPa (yogurt). 

However tongue pressure necessary for swallowing was almost similar for all products. In the 

case of a fixed protocol, products were less broken down due to a limited oral manipulation 

duration. This impacted mainly the pressure necessary for swallowing the product. Swallowing 

pressure was found to be higher (up to 4 times) than in natural condition and to vary between 

products. This result highlights that when oral processing is limited, subject has to adapt the 

force for swallowing, as function of products texture. All together these results, collected on 

real food products, can be useful to calibrate tongue pressure in artificial mouths and to further 

understand how designing foods for specific populations. 
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Dysphagia is a general condition describing the inability to swallow food and fluids. Dysphagia 

is an issue of growing age, neurological disorder, head injuries and cancer. Dysphagia affects 

roughly 8% of the world population1 People with dysphagia are challenged by the flow of a 

liquid food flowing through their oropharynx. Texture modification in terms of viscosity is a 

well-known practice and it is known that increased shear viscosity makes swallowing easier 

and safer. The exact rheological mechanism is not known, but elastic modification of is 

considered as strategy to manage dysphagia2. 

Our research aims at constructing an in-vitro human swallowing apparatus mimicking 

swallowing through the pharynx. The apparatus is connected to pressure and ultrasound sensors 

to monitor the flow properties of the orally processed bolus for clinically relevant parameters 

such as post swallow-residue, residence times, pressure drop and bolus velocity. The ultrasound 

velocity profile, pressure drop (PUV-PD) method is used for this purpose. The model is 

adjustable to different conditions such as abnormal epiglottis closure and to handle various 

orally processing food textures. 

As a first step we have characterized commercial thickeners used for dysphagia management 

in shear and extensional flow using viscometry and Hyperbolic Contraction Flow (HCF). We 

also studied the flow properties of the thickeners by advanced tube viscometry PUV-PD using 

a tube of similar dimensions to the human pharynx. 

The thickeners were compared with model fluids standardized for viscosity and elasticity. All 

the fluids were thickened within the “syrup consistency” class (0.35-1.75 Pa.s) of the National 

dysphagia diet (NDD), specifically to 0.55 Pa.s at shear rate of 50s-1. The commercial 

thickeners showed significantly different behavior depending on if they were starch or gum 

based, and also when compared to model fluids, for shear thinning, yield stress and extensional 

viscosity 


