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Relevance?

https://www.taste-institute.com/en/resources/blog/importance-of-taste-in-product-development

Relevance?

The release of flavor compounds from food, and their delivery to the
receptors located in the mouth and nose (Fig. 1), is acknowledged as one of

the key factors determining the perceived flavor quality of foods.
Salles et al, 2011
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Relationship between
flavor release and

perception...has been
extensively studied
but is very difficult to
establish.

Salles et al., 2011
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Flavor defined

The flavor perception we derive from eating a food product is deter-
mined by the nature and quantity of the flavor components, the
availability of these components to the sensory system as a function
of time, and the mechanisms and strategies of perception and scaling
which determine the flavor quality and intensity over time ....

Overbosch et at., 1991

Strong sense of
convention

Flavor
* Vanilla
* Chocolate
* Strawberry
* Dairy

* Texture/mouthfeel
* Melt

* Composition

* Color

* Etc.
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|C structure is
complex, so are flavors
— this is trouble

A few key

points Some practical
principles —> novel
approaches

Why ice cream flavor and microstructure are important and challenging

10
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Complex Ingredients

Ice Cream And Frozen Dairy Dessert Application Monograph, USDEC

Nutrition Facts
Serving Size 1/2 Cup (699)
Servings Per Container 16

Amount Per Serving

Calories 140 Calories from Fat 60

" aily Vaiue®

Total Fat 79 1%
Saturated Fat 4.5 23%
Trans Fat 0g

Cholesterol 30mg 10%

Sodium 65mg 3%

Total Carbohydrate 17g 6%
Dietary Fiber 0g 0%
Sugars 14g

Protein 29

———

VitaminA2% = Vitamin C 0%

Calcium 8% - Iron 0%

“Percent Daly Values are based on a 2.000 calore

igher ot lower

2500
a0y
29
300mg  300mg
2400mg  2400mg
2009 7

£

Calories per gra
Fat9 + Caboydralod + Proten 4

INGREDIENTS: MILK, CREAM, SUGAR,
CORN SYRUP, DESSERT SOLIDS
(WHEY, WHEY SOLIDS, NONFAT DRY
MILK, AND EDIBLE SALTS (SODIUM
CARBONATE, SODIUM CITRATE,
DIPOTASSIUM PHOSPHATE)),
STABILIZER (MONO & DIGLYCERIDES,
CELLULOSE GUM, GUAR GUM,
LOCUST BEAN GUM, POLYSORBATE
80, CARRAGEENAN, DISODIUM
PHOSPHATE, CALCIUM SULFATE),
NATURAL AND/OR ARTIFICIAL
FLAVORS AND ANNATTO.

11

Complex processing

TetraPak, 2023

12
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Complex Material

VanWees et al., 2021

13

Variation in

finished
products -
survey

Warren and Hartel, 2014
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Warren and Hartel, 2014

15
Ice cream
complexity Il
https://tarateaspoon.com/24-exciting-ice-
cream-flavors-you-can-make-tara-teaspoon/
16
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During consumption?

In the case of semi-
solids, the main change
in food properties is the
reduction of viscosity
due to shearing forces,
temperature change,
and dilution or
chemical breakdown

— induced by saliva.

17

Linking chemical, flavor responses
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Some basic chemistry,
starting with vanilla, aroma

19

Some basic chemistry

https://blog.perkinelmer.com/posts/gas-chromatography-explained-what-it-is-and-how-it-works/

10
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https://www.agilent.com/en/pro

duct/gas-chromatography/what-
is-gas-chromatography

21
Chemical basis of flavor (aroma)
What is there?
How muich is there?
https://www.chromatographyonline.com/view/flavour-and-fragrance-analysis-wondrous-vanilla
22

11
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What do we know, don’t know at this point?

* Compound ID, e.g., 4-hydroxy-3-methoxybenzaldehyde
* Quantity, e.g., 100 mg/kg

* Is there enough to make an impact?

23

https://odourobservatory.org/measuring-odour/gas-chromatography-olfactometry/

24

12
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Human detector

8 34 Chromatogram
s =
Injector Detector | T 2
(MS or FID) £
| J -
Human nose ZCT 1.0 15 20 min
[ : g -
Column ‘ [ - [ ﬂlll H’ JI ”” Hl. Il I | [
e | /’ { é’ — l I
\ Nl < Z ‘ ‘
R ]
\ i E
T'a = 8 A3 3435 36
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o

Column flow
splitter

Gas chromatograph

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/olfactometry

25

Impactful compound?

)

26

13
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1/10 1/100 1/1000

Lin et al., 2019

27

Flavor Impact compound: distinct aroma recognition

28

14
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Flavor Chemistry reveals

* What chemicals exist
* How much is there (concentration)
* Most impactful compounds (in extract)

2 / Vanillic, xsavqmll»c. W O H
hikimate pathway protocatechuic 7 &
\ 3-dehydroshikimic acids i
Phenylpropanoid pathway Iso-Eugenol °
-Amino / \/#7‘\‘ “/ Lo OH
4 VANILLIN ) <
acids \7__7 / ‘\ Guaiacol
oyl ‘ OF Iy el pe b O/CH3
(carboxylic acid reductase
Aryl-aldehyde (ar)_ll aldehyde oxidoreductase)
r Vanily! aiconol dehydrogenase or lipoxygenase)

29

Flavor Release

...Is the process whereby flavor molecules move out of a particular

molecular environment within a food and into the surrounding saliva or

vapor phase (McNulty, 1987; Overbosch et al., 1991)

The most important aspect of ...is that aroma molecules leave the bolus and

arrive at the olfactory epithelium in the nose where they can be sensed (R.

Linforth, A. Taylor, in Flavour in Food, 2006).

Flavor release (or lack thereof) is also the basis of some masking

agents/technologies that prevent or slow the release of aroma

compounds thus decreasing their perception (Rankin, 2023)
30

15
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Thermodynamic and kinetic parameters
control the flavour release from foods.
They depend not only on the composition
but also on the physical state of the
matrix: liquid systems (water or lipids) are
relatively simple to study and are useful to
understand physical partitioning and
release; when moving to viscous or solid
systems, more parameters are involved
such as diffusion; real foods are often
even more complex, with heterogeneous
composition and structure and must be
studied at different levels (Voilley and
Souchon, 2006)

31
Mass Transfer
...operations are concerned with the transfer of
matter from one stream to another. In many
processes a change in phase may also be
involved.
Lewis, 1996
32

16
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Diffusivity

33

Effect of lipid type, phase

Rabe et al., 2003

34

17
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Effect of lipid type, phase

35

Unraveling flavorant/microstructure physics

36

18
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Partitioning

37

38

19
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Matrix/structure effects

https://scienceandfooducla.wordpress.com/2013/03/05/homemade-ice-cream/

39
Chemical basis of flavor (aroma)
What is there?
How muich is there?
https://www.chromatographyonline.com/view/flavour-and-fragrance-analysis-wondrous-vanilla
40

20
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Flavor Impact compound: not so distinct aroma

<4==

=™ 1."-

=

41

Vanillin

25:1

(vanillin)

42

21
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Vanilla: complex chemistry, diffusivity,
mass transfer, matrix/composition...

Alter matrix to improve flavor....?

No consistent and complete set of data is available
in the literature for comprehensive model validation.
In particular, the reported experimental data lack
information on the temperature dependence of the
diffusion coefficient in the polymer membrane and
on the average number of unit cell in the foam layer.
This data is critically important for the development
of reliable foam diffusion models.

Pilon, 2000; Georgia Institute of Technology,

44

22
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Flavor complexity: consider the music model

/I\

45

|C structure is
complex, so are flavors

A few key —this is trouble

points Some practical
principles —> novel
approaches

46
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A few words of caution

* These are new approaches, lack of

confidence

* Principles are not universally

applicable

* Re-think how we approach food

flavor

* Are they really novel?

47
A new approach lllustrated
Camilla Arndal Andersen, 2019
— ]
48

24
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Practical
principle
#1

Non chemistry approaches:

Label, color, temperature,
messaging, etc

25
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Practical
principle #2

Significant latitude in many flavor, taste systems

51

52

26
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Relationship: sugar, fat to liking?

53
Implications?
* Sweetness, calories?
¢ Milkfat, calories?
* Flavor systems
54

27
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Practical
principle
#3

Flavor preference is fluid

55

“We like what we eat
more than we eat what
we like” -Kurt Lewin

56

28
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Learned preferences

Implications?

* Keep presence in market

58

29
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Practical
principle
#4

Habituation effects

59

60

30
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61

Habituation effects

Epstein et al., 2009

62

31
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Habituation effects

63
Implications?
* Stay in market
* Incremental changes

64
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