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Outline of the presentation

A How sensory perception shapes food choices and eating behaviour
A The unique sensory properties of dairy
A? ¢RI ! Bt IOl YOGUIWORUIK 2 GGYIl qRUNIKOUz2 gl R

A Health benefits of dairy within balanced, sustainablalietary patterns



Pick your healthy dish!

mnawm

Garden Vitality Bowl
A fresh mix of crisp greens and
colourful vegetables, packed with
vitamins and nutrients to support a
healthy lifestyle.
S8EUR

Sweet Creamy Delight
A smooth and creamy bowl of ice
cream, offering a rich and sweet
dessert experience

8EUR

) —) ) )




Pick your healthy dish!

Sweet Creamy Delight Garden Vitality Bowl




Do the sensory properties of food influence food
Intake?

rdttlod has no nutritional value until it is chosen, accepted , and
consumed H LU

(Forde &Delahunty 2004)
- Increasinginteraction between sensory science and nutrition

rd’here is no health without pleasure H{de Graaf 2023)

- Palatablility (positive hedonic evaluation of food)influences appetite and
food intake in humans (Sorensen et al. 2003)




Food sensory properties

Smell Sound
Aroma andodour Intensity & Quality

Appearance Texture Taste
Color, Size & Shapes Mechanical & Tactile Sweet & Sour

properties




How do we perceive things?

TTTTTTTTTT

Stimuli Sensation Perception
Sensonproperties of food Detectionof sensorystimuli using Interpretation of the sensory
(e.g.colour, sound tastants our sensegsight, hearing, taste, S|gnal_sto createmeaningful
odour molecules smell, touch) via different sensory experience
texture/form) receptorsandconvertingthem into

sensory signals
. Taste, Odour and Somatosensory

Food perception is a result of all senses



Homeostatic and hedonic food intake regulation

Reward domain

A 4

Wanting

Sensory domain

v

Liking

v

Flavour preference

Hedonic response

v

@reosmys

Food Preference

v

Food Selection

Food intake

A

Energy intake

Gut hormones

Body composition

T

Gastrointestinal tract

(Guyot 2021 PrewnoskiAn ReWNutr 1997; Blundell Dis. Mod. Mech. 2012, Finlayson et alObas Rep 2012)




Factors influencing food preferences

Personal factors Socio-Economic factors Educational factors

Level of expectation Family income

Priority <4—» | Food costs <+
PHYSIOLOGICAL Familiarity Symbolic meanings

INFLUENCES Influence of other persons Social status
Individual personality Security I

Educational status of
individual
Family nutrition education

Appetites Society
Moods and emotions
Meanings attached to foods

I Cultural, religious and

regional factors
Cultural origins

PSYCHOLOGICAL

) —) ) )
1

- - - - Religious background
INFLUENCES Biological, physiological Beliefs and traditions
and psychological factorg Culture
Age Food preferences | ¢ Race |
Sex Geographical regions
Physiological changes ¢
Psychological influences —
ENVIRONMENTAL Bigqogica?aspeots Intrinsic factors
INFLUENCES Food appearance
3 Food odour
— Food temperature
Extrinsic factors Food flavour
Environment Food texture
Situational Eggg qzz:;tt‘l’t
Adevertisement and 9 v
merchandising < > ';ﬂoc,zg %repargltlon At
Time and seasonal variations €thods and presentation

S. Sijtsema 2003



https://www.semanticscholar.org/author/S.-Sijtsema/7865755
https://www.semanticscholar.org/author/S.-Sijtsema/7865755

Opportunitites for sensory science to improve
dietary behaviour

A Undernutrition: modifying food palatability.
I bpalatabilityryintake (patients,elderly)

p Jua2ey

}

A Overnutrition: manipulation of food texture to
Influence satiation and satiety

@Gustation
G o ton| Sensory-Nutrition Interface
ision Consumef/reject y . . . .
Q ok (Nutrition science) A &Sensorynutrition considers the interaction of
() Interoception J k = m Frequency .
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SENSORY & CULINARY
COMPLEMENTARITY

11



Definition of the dairy matrix

W ¢ & matrixis not only the Main milk R AR : 0® © O

composition of nutrients, bioactive components R ®
constituents, and other compounds Whey proteins  Casein micelles Milk fat globules
present, but also how they are package ~ _'

YR O2YLI NUYSyul ] Bals

processing

s

S < Dai
Dairy matrix¥Y WYRSa ONAOAY. prodn?éts

structure of a dairy food, its -
components (e.g., nutrients and nen

Physical, mechanical, biochemical
Weaver & Givens 2025 Cr Rev Food Sd\gitr

Yogurt

o P A w r i p ! ’ i H i |' : M
y‘ dzi NRA S y‘ dgaovs:x | y‘ R K i) ) § Liquid Semi-solid Solid Solid
~
|
Mulet-Cabero et al. 2025 Nutrients . : Crystallised fat globule : Unstructured fat globule
V : Fat crystal O : Moisture droplet

Mulet-Cabero 2021, Bio Dig Lip from foods

Unger et al. 2023 Curr Dev iNutr



Flavour compounds in dairy products

Carbohydrates

A Diacetyi Buttery flavour

A Acetaldehyde & Acetoin
Yoghurt flavour, freshness

A Acetate stone fruity- too

much, it turns pungent (nail

polish)

Courtesy of Kostgroup.co
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Falvour compounds in dairy products

Proteins

A Peptides and free amino acids
Glutamate, umami and-
glutamyl; Kokumi

A Acids Propionic acid is
associated with nuts (e.g.,
Emmentaler)

A Aromatics Phenols associated
with dried species

Courtesy of Kostgroup.co

COOH
H; s M
HO=C =COOM ;,,A"—”? e ‘
s K —
Eoow g Triglycerides
[ Citrate Lactose *
|
! M NN oo
S o, Free fatty acids
Guluctom' G'“‘“"W /u,c l \l
zjﬂff \/T\/To"u,c S
v — v Hydroxyacids + Acids
Tagatose-6-P Glucose-6-P HOHC—(CH,) CH,
' Alcohols Peptides
v ‘ v M€ §lactone b 4
Dihydroxyacetone-P g——» (-|.V‘~"~"’ﬂ'|d'~‘h.‘d¢'3'|’ v °°; o \0
CH
—p Oxaloacetate ———» Pyruvate N\o/ Vo HyC—(CH,) CH,-O—(CH,) CH, Amino ucnd.s
Acetate | [-ketoacids l Esters
Flavour Acetaldehyde Diacetyl “’CV\/T“’ Transamination , ©
compouds Methyl ketones
X l Dehydrogenation
cetate
Ethanol Decarboxylation

CH,

Reduction

R COM R CHOH R COoOH
Aldehydes  Alcohols  Organic acids  Aromatics
Cadwalla Ingh, T. (2009) Adv Dairy Chem




Falvour compounds in dairy products

Lipids

A Short and mediumchain
Free fatty acidsPungent,
rancid, and cheesgoaty,
soapy aromas

A Methy! ketones fruity and
blue cheese notes

A Esters Fruity & Floral Aromas

A Lactones Creamy, Nuts &
Coconut flavour

Courtesy of Kostgroup.co
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Flavour Wheel and Sensory profile of dairy

Fresh Cheese Aged Cheese

:;‘.- RIS A Y e DR A NG | ! —_—
Fresh Cheese |§ ged Cheese |
RN RN AR AN eSS RRS o]
- Mild, creamy, and moist texture - Firm, crumbly, and dense texture
- Delicate and milky flavor - Rich, sharp, and nutty flavor

Source: LinkedIn Prateek Mittal

Credit: Cheese Science Toolkit https://cdr.wisc.edu/sensory -resources Drake 2007 J Dairy Sci.



Consumer so

2023

Taste

Price, /=

P e r chased altematves celativeotd a n t
their animal-derived foods

Animal-derived

Plant-based

ety

Wholesome*** || EEGD
Healthy*** _
Natural*** _

Convenient*** -

Healthfulness
Convenience Familiar _ Modemn -
Environmental Protein* [N Eco-friendly*** -
Sustainability s ek
Traditional - Expensive‘fl
Convenient™* [l
Cheap I PMCESSE.
Processed*|j]
Unhealthy**[J} B Crnaturar )
-2 -1 0 1 2 2 -1 0 1 2

Difference in purchase intention
between endorsers and non-
endorsers of each term

Difference in purchase intention
between endorsers and non-
endorsers of each term

Penalty lift analysis:unnatural and bland were the greatest opposing
drivers of purchase intention for PBA

2023 Food and Health Survey
International Food Information Council

Kershaw et al. (2025) Food Qual & Pref

Cardello et al. 2022 Food Qual & Pref



Overall liking and dynamic texture perception in plant-based yoghurt alternatives

Creamy
—— Sticky
——Thin

——-Chance limit

——Thick

Foamy

— Watery

------- Significance limit

15 +
45 +
RN
35 +
1.3+

25 +
1.2+
15 +
11+

05 ~

0

T
0.2

0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

Standardized time Standardized time

Dominance rates of each 6 attribute for each product

Products Overall liking Mouthfeel liking
<£‘l’ 5.2 +1.4 a 5.6 +1.2
5.7 +1.4 a 6 +1.2
P1 2.4 +1.3 c 3 +1.6
P2 3.8 + 1.8 b 4.6 +1.8
P3 3.7 + 1.8 b 4.9 +1.7
P4 3.3 +1.6 b 4.3 +1.5
P5 3.3 + 1.7 b 4.4 +1.5

Greis et al. 2020 Food Qual & Pref



Sensory functions of dairy

Creaminessand FlavorDepth

Proteins 9 @leamy mouthfeel
Eat (+ fat: melting and viscosity modulation)

/(l , © [Retronasalcreaminess

HaG(HC)e perception

¥ -tetradecalactone

Dairy enhancescreaminess, flavor

depth, and aroma release

9 &dhoothing fibrous plant textures ?

Schilutt et al., 2007 19




Sensory functions of dairy

Dairy Carrier for Fat-Soluble Flavors

Hydrophobic aroma Matrice = «——— m G =
( compounds (protein + fat) = W ‘

sl | V¢ WEIH—Hple
VISCO

Dairy fat acts as acarrier for fat -

soluble flavours, potentially improving
plant flavour perception

Lethuaut et al., 2005;Heiliget al. 2011 20




Plant-Dairy pairings in Europe

Viscosity, firmness
- Antioxidant activity

Sensoryacceptability (+50%)

\>9LIJ9\"(L"H 201 WeHHIGqC

Traditional pairings yogurt+fruit, cheese+vegetables milk+cereal) reflect a
culinary logic ofsensory complementarity

Ozcanet al., 2016; Garofalo et al., 2024; Bbayed et al., 2025 21



Barrier reduction in plant-rich diets

o Mbuthfeel, silkiness,

Bland, astringent, or dry and viscosity

Dairy could reduce sensory barriers , making plantrich diets more palatable

SWf UgqNI ¢cqRYUWYnWI ¢RI'! WeWGdcec Ugt Wl Wi
culinary outcomes

Ozcanet al., 2016; Garofalo et al., 2024; Song et al. 2024;

El-Saved et al.. 2025



Visible cheese and consumption of encouraged food
groups Iin middle schoolers

Table 1. Food group servings consumed: Between group comparisons

Study 1 Study 2

VC NC VC NC
Fruits 0.14+0.39 0.20+0.54 0.42+0.58 0.14 £ 0.29*
Vegetables 0.33+0.53 0.2510.51 0.3310.57 0.23 £ 0.57
Whole grains 0.72+0.92 0.56 £ 0.95 2.84 1299 1.31 £1.95*
FGTE 1.19+£1.28 1.0£1.36 3.59 +3.28 1.68 £2.13*

Note. Values are mean + standard deviations. VC = visible cheese. NC = no cheese.

FGTE = food groups to encourage.

*Significant between group difference (p<0.05).

Donelly et al. 2010 J of CiNutr Manag



NUTRIENT ADEQUACY
WITHIN A SUSTAINABLE
DIET

24



Sustainable diets

Ecological health principles

Human health principles
+ Adaptive and agroecological

= Appealing and acceptable
» Balanced and dwverse + Protective and restocative
of beodiversity

= Nutritious and healthy
» Humane and support one health

= Sale to consume
« Resibent arcd regenerative effects

Economic prosperity principles
« Accessible and affardable

Social equity principles

= Democratic and
parbopatoey

» Equatable and fasr

« Ethacal and mcdlusive

- Rights-based approach

“lean and green business mnovation
within planetary boundane:
« Distribubtive and shared

« Efficient, profitable, and sufficient

(0p)
QJ( < (@-N

SEOf dzR Scstigies hakBderfif@diets Dat
dzZ 0S 2NJ WKSI f K8 QY gKA
SN SYBANRYYSYUlt AYLI Of

M Q. ax
N
C:\

- Z XK

= N N

¢ S

+H 7 €
X«

N ZZ Ol
N)&j>>*

FAO and WHO. 2019. Sustainable healthy dietsGuiding

principles



Nutrient adequacy based on the EAT-Lancet

Estimated micronutrient shortfalls of the EAT-Lancet A1 animal source foods from 14%to 27% of total kcal
planetary health diet

Ty Beal, Flaminia Ortenzi, Jessica Fanzo

Ediorial Al dietary phytate from 1985 mg to1021 mgtoT Fe and Zn

Environmentally protective diets may come with trade-offs for absorption
micronutrient adequacy

Ty Beal

A Largescale estimates show widespread global
[ Adults ears and older) [ Women (age — ears H H H . . . . .
PR S micronutrient inadequacies (e.g.,calcium, iron, iodine,
93% 93% 90% 93% 812)

86% 84%
804 78%

100+

60 55%

40

A One-size-fits-all framing critique
- A Need to considerlocal food systems, fortification and
cultural acceptability

Percentage of recommended nutrient intakes (%)

T T T T T 1
Folate Vitamin A Vitamin B12 Calcium Iron Zinc

Micronutrients

Figure: Percentage of recommended nutrient intakes for six micronutrients in the EAT-Lancet healthy
reference diet

Passarelli S. et al 2024, Lancet Global Health

Stanton A. 2024. NPJ Science of Food



Dairy counteracts inhibitory factors in plant-rich diets

Oxalates

h/r- v « ' /3
of = v /

& Phytates Lectins

A/J fa’

law

 Blocks calcium absorption . Blogks mlperal absorption (iron, magnesium, « Blocks minera! absorption (calcium, iron,
o o calcium, zinc) phosphorus, zinc)
+ Decrease the antinutrient effect by drinking tea Decrease the anbntrent efect by soakin D h S ety ki d
between meals, but not with calcium-containing o : el ’ ecrgaset e antinutrient eflect by soaking an
boiling, and fermenting phytate-containing foods cooking thoroughly

foods. Boil or steam veggies

_ ) Lopez_Moreno_etl. 2022 J Func Foods
Dairy proteins

inphosphopepti PP
(Caseinphosphopeptides (CPPs)) ™~ Improved mineral absorption (Ca, Zn, Fe, Mg) and

Fermented dairy " vitamins (B2, B9,B12)

(Lactic acid, probiotics, phytase enzymes) o _
Picciano et al 2004, Am J CliNutr

TS ™ Coudray et al. 2006 Br Blutr;  Hurrell RF 2003 Am Clin Nutr
Talsma et al. 2017 Blutr Bashir et al. 2025 Food Sci AnirResour




Dairy supports fibre fermentation in plant-rich diets

—

Nutrition & Diabetes www.nature.com/nutd

\
+ Starters and Probiotic

M) Check for updates

ARTICLE OPEN
The effect of a new developed synbiotic yogurt consumption

« Milk Protein and

Mioacks Pepiries *Onsen d Die on metabolic syndrome components in adults with metabolic
- + Cardiovascular Disease . .. .
:_’ <) mm |- mesunattammatn syndrome: a randomized controlled clinical trial
- + Barrier Function Dysfunction Mohammad-Amin Zolghadrpour', Mohammad-Reza Jowshan', Mohammad Heidari Seyedmahalleh (3, Farzad Karimpour®,
Fermented Dairy| * Milk Fat Modulation o Néurolniiine Didéése Hossein Imani' and Somayyeh Asghari(®'™
Products
O acetate
popiote @ e A Dairyrprebiotic synergy alters gut
_ * Short-Chain Fatty  precision Modulation of Gut microbiota . : ]
Acid: (SCFAS) microbiota: human proof of concept
Figure 1. Overview of fermented dairy products as precision modulators of gut microbiota and
host health.

Better evidence is needed, especially linking
modulated microbiota to actual improvements

A Probiotics in fermented dairy (Lactobacillus, in fibre digestion and nutrient uptake in mixed
Bifidobacterium) facilitate the fermentation of dietary diets
fibersinto SCFA

Gao et al. 2025 FoodsMukarromahet al. 2025 J Food Sci




HEALTH OUTCOME®S
STATE OF KNOWLEDGE
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Bone Health: Dairy & Plant nutrients

Risknutrient inadequacy
+inhibitory effect on

mineral absorption Combination interest

Bioavalablecalcium and
protein (matrix effect)

2CRI ! Wt WEzl 13t A -itlgdeR avitetd datcigrh drdiHibty |
guality protein may be limiting

Alcortaet al., 2021; Huppertz et al., 2022Rizolliet al., 2021,
Tremblay et al.. 2025: Taormina et al.. 2024

30



Protein Adequacy & Muscle Health

| ack of essentialamino
acids

Combination interest

Complete amino-acid
profile +highly digestible
9 édhances protein
utilization _

Combining plant and dairy proteins can enhance amino acid adequacy and
functional muscle support

Alcorta et al., 2021; Huppertz et al., 2022; Weaver &ivens2025 31



Satiety & Appetite regulation

—

Fibersa Lk WT ROt of RYALI G -von interest -

€ Lisatigty low-energy alternatives
to obesogenic snacks

Trigger satiety hormones
+ preserve lean mass

Alcorta et al., 2021;lgnot-Guti
' Fernanadez & Marette



Microbiota & Metabolism

Yogurt: Probiotic properties Fruit: Prebiotic properties

Combination interest :
- dalry (probiotics, peptides,
fermentation metabolites)

Protein
Calci . ..
Vitamin D Fiber (fucto- - fruits/ vegetables(prebiotic
b I e Gl fibers, antioxidants)
Phosphorus M agnesium Antioxidants
lodine Phenolic compounds ~ o
CLA Carotenoids o Mitritional strategy to target the

Zinc
Lactic acid bacteria

gut microbiome

Dairy plus fruits synergistically

Y enhance microbiota and
metabolic regulation

Yogurt and fruit: synbiotic properties
Enhanced survival of probiotics through gastrointestinal tract

Selective substrates to enhance probiotic proliferation
Enhanced modulation of microbiota Tremblay et al., 2025; Fernandez & Marette, 2017




Overall evidence

Association between Dairy Intake and Multiple Health Outcomes:
A Scoping Review of Systematic Reviews and Meta-Analyses

Lo ' a 8 A
Methods : wi:?m.m 9'” Jﬁ;ﬁ ) inclguzed

Search penod: Casecoreol stude ; :
01/01/2014 to Prospecive cobo shdes A:mn“‘”m"’ , No geographical reviews
02/19/2024 “Rccw'? SRS SN imitason
(iR R \ 4 -~ j ‘*\' /,.." - \"_\, ";.’-.7 ;’_\;'. “...\\ 4’.’ - B .
" l | i ! e 4 W b3 ,\4‘?\'
Exposures i - B B L | i et
i .o . 4 '- S o 7 ‘ DY A"' . A .';’.,' N NSNS Senen e’ o’ A
All dairy Milk Cheese Yogurt Fermented dairy

' 2 2 , !
Outcomes 6 ’ ﬁ ﬁ ) p\\

Car&?:da;%lar Cancers Body composition  Montality Others

Conclusion Dairy consumption is linked to predomintantly neutral or positive health outcomes

Akylet al., 2025EurJ ClinNutr 34




Health effects of sustainable dietary patterns

Study ' Country Sustainable diet type ' Health indicator Change in health indicator (95% .
| | cy* A 2025 UK Biobank: heart

Sabate 2015 | * US/Canada | Vegan All-cause mortality rate 19.2% t t d . t . | |

Soret2014 | *° US/Canada | Vegetarian | All-cause mortality risk 9% (0—17) p rotec IV% e ,I ncl. 1ow-
Tilman 2014 | Globally Vegetarian | All-cause mortality risk <1% (0-2)** n ¢ ql Wl ¢RI ! WS LW
Sabate 2015 | 7 US Vegetarian All-cause mortality rate 15.9% . . d & t I t

Aston 2012 | ©! UK Meat partially replaced by mixed food - CHD risk (men) 9.7% (-3.5-22) Inciaence mortall y

Aston 2012 | #' LUK Meat partially replaced by mixed food | CHD risk (women) 6.4% (-1.8-14.3)

Aston 2012 | ' UK Meat partially replaced by mixed food  Diabetes mellitus risk (men) | 12% (-4.5-22.7) Wang et al. 2025 Nutrients

Aston2012 | ' UK Meat partially replaced by mixed food Diabetes mellitus risk 7.5% (0.5-14.5)

(women)
Aston 2012 | ©! UK Meat partially replaced by mixed food - Colorectal cancer risk (men) | 12.2% (6.4-18.0)
Aston2012 | ' UK Meat partially replaced by mixed food Colorectal cancer risk 7.7% (4.0-11.3)
| | (women) . . .

Soret 2014 | 5o  US/Canada | Meat partially replaced by mixed food | All-cause mortality risk 14% (4-23) A M 0 rtal Ity rs k d I d n Ot

Sabate 2015 | ;, US/Canada | Meat partially replaced by mixed food All-cause mortality rate 7.2% d |ffer mu Ch betwee ]
Biesbroek 2014 | #° - Netherlands | Meat partially replaced by plant-based food - All-cause mortality risk 10% (3—16) dl t
Biesbroek 2014 | #° ' Netherlands | Meat partially replaced by dairy | All-cause mortality risk 6% (-4-14) Vegans analacto-ovo

Tilman 2014 | ®  Globally Mediterranean ' All-cause mortality risk 18% (17-19) Vegetan ans
Sabate 2015 | ** US/Canada | Pescatarian  All-cause mortality rate 17.6%

Milner 2015 | 7° UK Healthy guidelines Years of life lost* 6% Grammatikopoulou et al. 2025Maturitas

Milner 2015 | ° |UK Healthy guidelines + further optimisation | Years of life lost” 7%
Scarborough | 55 UK Meat, dairy partially replaced by plant-based | Deaths averted 6%

2012 _ food |
Scarborough | °° UK Ruminants replaced by monogastric Deaths averted <1%
2012

*Percentages refer to reductions in health indicators, except for deaths averted
**Mortality risk reduction by cause: cancer 10%, coronary heart disease 20%, type 2 diabetes 42%
*Years of life lost, at year 30 (after adoption of the sustainable diet scenario)

Aleksandrowiczet al. 2016Plos One 35

doi:10.1371/journal.pone.0165797 1002



Dairy in dietary guidelines and recommendations

A This analysis revealed that more than 70% of FBDGs contain messaging regarding the consumption of dain

foods comerford et al. 2021 FronNutr
Herforth et al. 2019 AdWNutr

A Dairy foods have also been recognised globally for their accessibility, affordability, and
acceptability, important parameters to the SDGs

A Recommended dairy intake is associated with healthy dietary habits
Crichton et al. 2019 Int Dairy J

Campmans-Kuijpers 2016 BMPediatrics




