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“Chews Wisely”

How sensory properties can be used to influence eating behaviours and energy intake
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Understanding why we eat what we eat...

Food based non-communicable diseases are largely avoidable and are
the result of food choices and poor dietary behaviours

“....The study of what is in food is extremely important,
but all of this knowledge amounts to little if we cannot
persuade people to eat what is good for them and to

avoid what will harm them...”  paui Rozin (1998),
“Towards a Psychology of food choice”

‘“Today we know much more about food and how it
effects the body, than we do about what makes people
eat certain foods and not others, and what makes us
start and stop eating at particular moments’

John Blundell, Nutrition Bulletin (2017)




‘Sensory Science’ and ‘Ingestive Behaviour’

From Perception .... to ingestion

Sensory Science; ‘Evoke Measure, Analyse and Interpret’ Ingestive Behaviour; Quantifying intake,
Control stimulus delivery/quantify perceptual response often controlling for sensory properties

Sensory Ingestive Behaviour;
Linking food perception and food choice to
energy selection and intake




Sensory Influences; Often summarised as just “Liking”
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Sensory cues play a functional role in food choice and intake

Sensory quality and intensity plays a ObeSity reVieWS

role in moderating energy intake
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Sensory cues influence food choice and intake differently

PERCEPTION

Smell mainly plays a priming role in eating

- . Perception
behavior, driving sensory specific appetites, |1 he Differential R.ole of Sm.ell e Aoeont) 2017
o o . o Reprints and permissions:
influencing food choice and intake (1) 1 and Taste For Eating Behavior sagepub.couldjournaFermisions o

DOI: 10.1177/0301006616685576
journals.sagepub.com/home/pec

Sanne Boesveldt and Kees de Graaf ©SAGE
Taste plays a role |n (macro)nutﬂent Sen5|ng Division of Human Nutrition, Wageningen University, Wageningen, the

Netherlands
during consumption and is more likely linked
with the onset of satiation ({ )

Pre-meal Within meal

*+ Visual cues — influence portion / choice » Texture informs eating rate (g/min)

* Odours - sensory specific appetites / choice * Taste gives feedback on nutrient density
Food texture informs the oral processing - Palatability can stimulate intake

+ Visual cues provide feedback on amount consumed

required to prepare food for swallowing 2

Sensory influences on food choice and intake ﬁ Qi @

change over the course of the life-span3 Meal to meal Post-meal
* Repeated consumption establishes + Satiety is influenced by food form, energy
associations between specific sensory | content and macronutrient composition
cues and feelings of fullness * Post-meal satisfaction is associated with
’ sensory experiences during the meal

1 Boesveldt and DeGraaf (2017), Perception
2 Forde (2018) “From perception to ingestion” FQAP
3 Boesveldt , Bobowski, McCrickerd, Maitre, Sulmont and Forde (2018), “Changing role of the senses” FQAP
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* Describe how oral processing
behaviour influences energy intake
and body composition

 Approaches to changing eating
behaviours using sensory properties

* Opportunities to apply sensory
approaches to moderate eating

behaviours and dietary energy intake The Sensory Ingestive Behaviour Team
Clinical Nutrition Research Center, Singapore

Our goal: understand how food perception, preference and intake
behaviours, influence energy intake at key stages in the life-course



‘Something to Chew On’

Eating rate, energy intake and body composition




Oral processing, Energy Intake & Body Composition in Children
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Body composition measures:

Derived Measures

BMI, skinfold anthropometry, .
MRI scan of abdominal adiposity y
Coding scheme from Forde et al (2013) .

Eating rate (g/min) &

Average bite size (g/bite) Ai Ting Goh

Chews per gram 4.5YEAR 6-YEAR

Oral exposure per bite

GROWING UP IN SINGAPORE TOWARDS HEALTHY OUTCOMES



Eating Rate and Energy Intake

Children who ate the fastest consumed more,
especially if they ate for longer’?

This behaviour is stable within child over time3
and is associated with stronger appetitive traits*
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2Fogel et al (2017b), ‘Obesogenic Eating Style’ - Physiology and Behaviour

3McCrickerd et al (2018a). In preparation — Continuity of eating rate

‘Fogel et al (2018a), ‘Eating rate and Child Appetitive traits’ - Appetite
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Eating Rate is associated with greater BMI & Adiposity

4.5YEAR

Waist circumference (N=386) MRI-Scan of subcutaneous abdominal
adiposity (N=158)
55.00
p<0.001 _ @ 8007 p=0.028 (A78mls)
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Slow and fast eaters (g/min) Slow and fast eaters (g/min)

Positive association between faster eating rates and all
anthropometric skinfold estimates of adiposity

Fogel, et al (2017a). British Journal of Nutrition %GUSTO



Stability of the “Obesogenic” Eating Style Over time

Eating behaviours that promote faster eating & increased energy intake are stable over time?
Faster eating rate at 4.5 years predicted larger BMI, and skinfold adiposity at 6 years?

4.5YEAR §-YEAR
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EXPOSURE TIME

\od
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CHEWS #%
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1Fogel, et al (2017b). “Describing an Obesogenic eating style” Physiology and Behaviour %"GUSTO
2McCrickerd, et al (2018) “Continuity in eating rates & links to adiposity” (In Preparation) .u.. e



Faster Eating Rate is linked to higher ad-libitum energy intake

_—1

Heterogeneity: Chi*=57.86, df = 28 (P = 0.001), F= 50%
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Positive Relationship
between eating rate &
energy intake

Robinson, AlImorin-Roig, Rutters, DeGraaf, Forde, Smith, Nolan and Jebb (2014) Am. J. Clin. Nutr. (2014)



Eating Rate: Consistent & predictive of energy intake across meals
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McCrickerd and Forde (2017) Nutrients



‘Eating rate’ can be viewed as an interaction between the @;:g;g;;my
persons drive to eat, and their chosen food environment

4 Fastand high
1600 i Food Factors
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1400 _ Food texture (hard /
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Goh, McCrickerd, Henry and Forde (In Preparation)



Faster Eating Rates as a behavioural expression of higher energy requirements

The largest contribution to Energy Expenditure is BMR (largest contribution to BMR is FFM)
Differences in Basal Metabolic Rate explain about 15% of the variation in Eating Rate

80 - Spearman’s coefficient r, = 0.405, p < 0.001. 20 Spearman’s coefficient r, = 0.459, p < 0.001.
70 -

70
60 - 60 -

i
=]
1
i
o
1
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30 - 30 4
20 - 20 -
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N=272 participants. Males (n = 91) were represented
by the solid circles and females (n = 181)

Henry, Ponnalagu, Bi and Forde (2018) Physiology and Behaviour ?))cii?ﬁii‘;fni"fw’ey



‘Chews Wisely’

Understanding the Impact of food texture on oral
processing behaviours and energy intake




“reduce eating speed to control energy intake” Mechanick, Kushner, Sugerman, et al. Obesity (2009)

(i) Reducing Eating Rate and Energy Intake: Target the Person

Eat slowly.
Lose weight. AAnA

|| | \
il
Feelgreat! Lligk

858 BRITISH MEDICAL JOURNAL VOLUME 282 14 MArcH 1981

Maintenance of weight loss in obese patients after jaw wiring

J 8§ GARROW, G T GARDINER

Weight change (mean: SEM) before and after jaw
wiring in seven women fitted with a waist cord after the
wires were removed (open circles) and in nine women who
did not have 2 waist cord fitted (closed circles)

Specially designed plate to slow eating rate in Obese dogs




(Some) Physiological Correlates of Mastication

e Satiety hormone responses; GLP-1, PYY, Ghrelin (Li et a/ (2010), Kokkinos et al (2011), Zhu & Hollis (2013))

*# * *#

3000 -

2000 3

GLP-1 (pg/ml)

Li et al (2011) AJCN

1000 —&— lean 15 chews
—O— lean 40 chews
—w— obese 15 chews
5 —4— obese 40 chews

0 30 60 90 120 150 180

Time (min)

* Dietary induced thermogenesis / body temperature / Sphlanic blood flow (Hamada et al 2014)

» Cephalic Phase Response (Lasschuijt et al (2018) Appetite)

* White adipose tissue accretion (Oka et al (2003), Fuijise et al (1993, 1998), Sakata et al (2003)



(ii) Enhancing, rather than restricting the contribution of chewing to fullness

Forde, Leong, Chia-Ming, and McCrickerd (2017). Food and Function



Application of a ‘Sensory Approach’ to Study Eating Behaviours

‘Evoke, Measure, Analyse and Interpret’
Honey Baked Wings|

|4 Anvil 5,115
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frame rate: 30.0fps
duration: 00:57:00 (1709 frames)
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XXX

Forde et al (2013a), Appetite “Oral processing behaviours of savoury meal components”
Forde et al (2013b), Appetite “Texture and Taste influences on food intake for a realistic lunchtime meal”
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Wide variation in eating rates across foods (10-120 g/min)
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Different forms of rice ranged from 16.8 g/min to 120 g/min.
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Using Food Texture to reduce Eating Rate and Energy Intake

C lists ilable at SciVerse Sci Direct

Appetite Appetite

journal homepage: www.elsevier.com/locate/appet

Research report

Texture and savoury taste influences on food intake
in a realistic hot lunch time meal

C.G. Forde*, N. van Kuijk®, T. Thaler?, C. de Graaf®, N. Martin?

OPEN @ ACCESS Freely available online '@-PLOS |one

Slow Food: Sustained Impact of Harder Foods on the
Reduction in Energy Intake over the Course of the Day

Dieuwerke P. Bolhuis™, Ciaran G. Forde®, Yuejiao Cheng', Hachuan Xu', Nathalie Martin?, Cees de
Graaf’

Texture-Based Differences in Eating Rate
Reduce the Impact of Increased Energy Density
and Large Portions on Meal Size in Adults'™

Ked MeCrickerd, Charlmte MH Lim, Claudia Leorg, Edwin M Chia, and Ciarn G Forde®




Reducing Eating Rate, Energy Density and Portion Size

D Low Energy High Energy
a
1

The Journal of Nutrition (‘\
Ingestive Behavior and Neurosciences ASN 160 +«

<) a

— ]
L~
Texture-Based Differences in Eating Rate 3
Reduce the Impact of Increased Energy Density S

- - - 1-3

and Large Portions on Meal Size in Adults g
Keri McCrickerd, Charlotte MH Lim, Claudia Leong, Edwin M Chia, and Ciaran G Forde* a0
Clinical Nutrition Research Centre, Singapore Institute for Clinical Sciences, Agency for Science, Technology, and Research, and ‘g
National University Health System, Singapore, Singapore n
w

Chews per bite

Thin Thick

McCrickerd, Lim, Leong, Chia and Forde (2017) Journal of Nutrition



Impact of Reduced Eating Rate, Energy Density & Portion Size

Texture intervention resulted in 11-15 % reduction in kcal intake
Reducing energy intakes but no reduction in meal liking or post-meal fullness

Study 1: Texture + Energy density Study 2: Texture + Portion size

(140 g/min) e i (140 g/m‘in)

McCrickerd, Lim, Leong, Chia and Forde (2017) Journal of Nutrition
See Also: Bolhuis et al (2014) PLoS One, Forde et al (2013b) Appetite, Lasschuijt et al (2017) Physiology & Behaviour



The Opportunity: Food Texture to slow eating rate & reduce energy intake

* We adapt our eating style to the food textures served, and
can use hedonically equivalent textures to slow eating rate
and reduce energy intake

* Slowing eating rate by approximately 20% can produce on
average a 15% reduction in ad-libitum intake

e Reductions are further enhanced when combined with
J energy density & { portion




Better Living through Sensory

Future opportunities & challenges




From acute ad-libitum feeding trials to a whole diet approach

Low calorie velocity High calorie velocity
(kca|/g/mln) # (kcal/g/mln)
20007 | : :

Quartile 1 : Quartile 2 Quartile 3 i Quartile 4
1500- 0-112 kJ/min 113-204 kJ/min 204-333 kJ/min 334-1766 k]/min
500 (0-27 kcal/min) (27-19 keal/min) (19-80 keal/min) ! (80-122 kecal/min)
n=60 n=60 n=60 n=60

wn
3

— u.|.....::_..n||...::|..|..|.|.||.|H|.. 1A ]HHHHH N |

N=240 foods

Energy intake rate (kJ/min)

L=
1

Energy Intake Rate = Eating Rate (g/min) x Food Energy Density (Kcal/g)

“...it is possible to choose alternatives with a lower energy intake rate, |
from the same or another food group.... b,
Janet Van Den Boer

Van den Boer et al (2017) Foods WAG‘E%%GEN
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Understanding how food structure influences eating behaviours

Modelling oral processing from instrumental / mechanical properties of foods

* Relationship between oral processing, food structure and lubrication properties
* |dentify changes required to food structure and lubrication to reduce eating rate
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Currently being used to screen foods for a feeding intervention

Wee, Goh, Stieger and Forde (Under Review) May Wee Sui Mei



Developing ‘design principals’ from Food Structure-Oral Processing relationships

Examplel : Fish ball has twice the

‘ , springiness, chewiness & resilience
Adapted from the ‘Mouth Process Model : of fish fillet = \, 37% eating rate

(Hutchings & Lillford 1988)

Example 2: doubling the
‘elasticity’ slows eating
rate on average of 10%

1 - Tortilla chips

2 - Fish fillet
3 - Fish ball
Degree of 5 - Silken tofu
Structure
C
: Degree of structure
PlaStl(? FQOd A S . reduced enough to
(Low springiness, .- 7 swallow plane
cohesiveness, " Faster 0%
chewiness, resilience) eating rate oo 7 Lubricated enough to
Chews per bite N+ 2 swallow plane
Bite‘§'use’f* D G
Elastic Food ..~ Time
(High springiness, *" Slower
cohesiveness, eating rate pr

Chews per bite P

chewiness, resilience) Bite size &
1te size

Wee, Goh, Stieger and Forde (Under Review)



Re-structure & Re-formulate to produce a ‘Leanogenic’ food environment

FOOD STRUCTURE AND COMPOSITION Campbell, Wagoner and Foegeding (2016)

FACTORS INFLUENCING
Molecul
| | Molecules | SATIATION & SATIETY
Structure [ Psychological
Natural and/or processed eating environment, food
preferences, preconceptions

{ ‘ Phys‘ig state | 1

SENSORY ORAL PROCESSING ey
Dynamic texture ﬁfn”f;qy- homones,gasti
perception sty
in hand /
fbstchew Physical
\mastication food massiolume,
intragastric gelation

Wee, Tan and Forde (Under review) (2018) Forde, “Flavour Perception & Satiation” (2016)
Campbell, Wagoner and Foegeding (2016) Chambers, McCrickerd and Yeomans (2015)
Forde, Leong, Chia, and McCrickerd (2017) McCrickerd and Forde (2016) Obesity Reviews
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Conclusions

Ingestive

Behaviour

Sensory Properties play a ‘function role’ in driving energy intake;
Kcals have odours, tastes and textures that influence food choice and intake
How a food is eaten influences energy intake and satiety, and is a modifiable food property

Oral processing can be considered a measure of the interaction between an

individuals drive to eat and the properties of their food environment;
We need to understanding the food and “human” factors that increase energy intake
acutely within meals, and at a whole diet level

Sensory quality and intensity can moderate what and how much we eat
Understanding how a foods sensory properties influence energy intake will create new
opportunities to use sensory cues to moderate the flow of energy through a persons diet
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