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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…” Paul 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
Sensory Science; ‘Evoke Measure, Analyse and Interpret’
Control stimulus delivery/quantify perceptual response

…. to ingestion
Ingestive Behaviour; Quantifying intake,
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”

1969

Sensory cues play a functional role in food choice and intake
Sensory quality and intensity plays a
role in moderating energy intake

McCrickerd and Forde (2016) Obesity Reviews (Open access)

Sensory cues influence food choice and intake differently
Smell mainly plays a priming role in eating
behavior, driving sensory specific appetites,
influencing food choice and intake (↑) 1
Taste plays a role in (macro)nutrient sensing
during consumption and is more likely linked
with the onset of satiation (↓)

Food texture informs the oral processing
required to prepare food for swallowing 2
Sensory influences on food choice and intake
change over the course of the life-span 3

1 Boesveldt

and DeGraaf (2017), Perception
(2018) “From perception to ingestion” FQAP
3 Boesveldt , Bobowski, McCrickerd, Maitre, Sulmont and Forde (2018), “Changing role of the senses” FQAP
2 Forde

Todays talk
•

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
Energy Intake:
4.5 years: (Buffet meal)

6 years: (Fried rice)

Body composition measures:

Derived Measures

BMI, skinfold anthropometry,

•

Eating rate (g/min)

MRI scan of abdominal adiposity

•

Average bite size (g/bite)

•

Chews per gram

•

Oral exposure per bite

Coding scheme from Forde et al (2013)

Ai Ting Goh

Eating Rate and Energy Intake
• Children who ate the fastest consumed more,
especially if they ate for longer1,2
• This behaviour is stable within child over time3
and is associated with stronger appetitive traits4
N=386

1Fogel,

et al (2017a). Eating rate, energy intake and body comp. - British Journal of Nutrition
et al (2017b), ‘Obesogenic Eating Style’ - Physiology and Behaviour
3McCrickerd et al (2018a). In preparation – Continuity of eating rate
4Fogel et al (2018a), ‘Eating rate and Child Appetitive traits’ - Appetite
2Fogel

Eating Rate is associated with greater BMI & Adiposity
Waist circumference (N=386)

MRI-Scan of subcutaneous abdominal
adiposity (N=158)

p<0.001

p=0.028 (78mls)

n = 192

n = 194

n=68

Positive association between faster eating rates and all
anthropometric skinfold estimates of adiposity
Fogel, et al (2017a). British Journal of Nutrition

n=90

Stability of the “Obesogenic” Eating Style Over time
Eating behaviours that promote faster eating & increased energy intake are stable over time1
Faster eating rate at 4.5 years predicted larger BMIz and skinfold adiposity at 6 years2

4.5 years
1Fogel,

6 years

et al (2017b). “Describing an Obesogenic eating style” Physiology and Behaviour
et al (2018) “Continuity in eating rates & links to adiposity” (In Preparation)

2McCrickerd,

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

Positive Relationship
between eating rate &
energy intake

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

Eating Rate: Consistent & predictive of energy intake across meals

Study 1

Study 2

Meals 1-4

Meals 1-4

N=26

N=30

Study 3

Study 4

Meals 1-4

Meals 1-4

N=34

McCrickerd and Forde (2017) Nutrients

N=56

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

N=297

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
Spearman’s coefficient rs = 0.405, p < 0.001.

Spearman’s coefficient rs = 0.459, p < 0.001.

N = 272

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

N = 272

‘Chews Wisely’
Understanding the Impact of food texture on oral
processing behaviours and energy intake

(i) Reducing Eating Rate and Energy Intake: Target the Person
“reduce eating speed to control energy intake” Mechanick, Kushner, Sugerman, et al. Obesity (2009)

“Fun Feeder ”

Specially designed plate to slow eating rate in Obese dogs

(Some) Physiological Correlates of Mastication
• Satiety hormone responses; GLP-1, PYY, Ghrelin (Li et al (2010), Kokkinos et al (2011), Zhu & Hollis (2013))

Li et al (2011) AJCN

• 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’

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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Tortilla chips
Roasted peanuts
Potato chips
Baguette
Baked tofu puffs
Bakkwa
Shredded green…
Raw carrot
Oven chips
Sandwich Hard
White bread
Sotong
Steak
Prata
Tok
Roasted pork belly
Chicken wings
Brown rice
Minced beef
White rice
Kailan
Ham slice THICK
Chicken ball
Sandwich Soft
Vanilla ice cream
Spaghetti
Baked chicken breast
Apple raw
Glutinous rice
Ham slice THIN
Hard boiled egg
Tang hoon
Udon noodle
Cooked carrot
Bok Choy
Kueh
Chicken nugget
Whole potatoes
Fishball
Egg mayo
Mashed potatoes
Fish fillet
Papaya slices
Silken tofu
Jell-o
Apple puree
Plain porridge

Eating rate (g/min)

Natural variations in eating rate (g/min) Singapore
•
Wide variation in eating rates across foods (10-120 g/min)

•
Different forms of rice ranged from 16.8 g/min to 120 g/min.

60

Ddeokbokki
Brown White
Rice Rice

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

Rice
Porridge

140

80

Glutinous
Rice
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Using Food Texture to reduce Eating Rate and Energy Intake

Reducing Eating Rate, Energy Density and Portion Size

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

High Energy
(1.01kcal/g)

High Energy
(1.01kcal/g)

100% Portion
700g

100% Portion
700g

Low Energy
(0.56kcal/g)

Low Energy
(0.56kcal/g)

150% Portion
1050g

150% Portion
1050g

(140 g/min)

(74 g/min)

(140 g/min)

(74 g/min)

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
• Reductions are further enhanced when combined with
↓energy density & ↓portion

Better Living through Sensory
Future opportunities & challenges

From acute ad-libitum feeding trials to a whole diet approach
Low calorie velocity
(kcal/g/min)

High calorie velocity
(kcal/g/min)

N=240 foods

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….
Janet Van Den Boer

Van den Boer et al (2017) Foods

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
• Identify changes required to food structure and lubrication to reduce eating rate

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
Adapted from the ‘Mouth Process Model’
(Hutchings & Lillford 1988)

Example1 : Fish ball has twice the
springiness, chewiness & resilience
of fish fillet = ↓ 37% eating rate
Example 2: doubling the
‘elasticity’ slows eating
rate on average of 10%

Wee, Goh, Stieger and Forde (Under Review)

Re-structure & Re-formulate to produce a ‘Leanogenic’ food environment
Campbell, Wagoner and Foegeding (2016)
Food structure to moderate rate of energy intake

Forde, Leong, Chia and McCrickerd (2017)

Wee, Tan and Forde (Under review) (2018)
Campbell, Wagoner and Foegeding (2016)
Forde, Leong, Chia, and McCrickerd (2017)

Reformulation to reduce energy density

Wee, Tan and Forde (under review)

Forde, “Flavour Perception & Satiation” (2016)
Chambers, McCrickerd and Yeomans (2015)
McCrickerd and Forde (2016) Obesity Reviews

Conclusions
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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