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Pleasure
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Texture, mouthfeel, surface
Bursting under force
Flavour release

NS

Physics
Chemistry
Oral processing
Physiology




What is caviar / fisheggs?

MAX PLANCK INSTITUTE
FOR POLYMER RESEARCH

Difference in size



Flavour of caviar
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flavour = taste + olfactory sensation + texture + mouthfeel + ...



Flavour of caviar
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flavour = taste + olfactory sensation + texture + mouthfeel + ...



Closer look
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Connective tissue

Fat droplets

Vitellin membrane

Water soluble
proteins

Egg cell
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What happens?

hard, brittle soft, elastic




How to do gastrophysics with fish eggs?

Measure force - extension




How to do physics with fish eggs?

Force (N)
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The “ultimate force”: bursting.
The radii:
curve 1: 4.0 mm, curve 2: 5.2 mm, curve 3: 8.1 mm.
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What happens?
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What happens?
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Strain y
A

.
L

Connectivity z

Figure 1| At zero strain, networks undergo a continuous transition from
floppy to rigid at the isostatic threshold z=z.. This connectivity threshold
shifts to lower values for networks subject to shear strain y. This threshold
defines a line y.(2) of continuous transitions. We study here strain-induced
transitions indicated by the vertical dashed line for z well below z.. The
insets show SEM (scanning electron microscope) images of reconstituted
collagen networks indicating points of 3-fold and 4-fold connectivities. The

scale bars are 200 nm.

Sharma, A., et al. "Strain-controlled criticality governs the nonlinear mechanics of fibre networks." Nature Physics 12.6 (2016): 584-587.



Estimate of crack force
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surface tension / collagen network modulus

In(1 — h/R,)
1 — h/R,

R,=D/2

f~=1(y/d)

initial state elastic deformation crack formation

Miao, B., Vilgis, T. A., Poggendorf, S., & Sadowski, G. (2010). Effect of finite extensibility on the equilibrium chain size. Macromolecular theory and simulations, 19(7), 414-420.

Zidek, J., Milchev, A., Jancar, J., & Vilgis, T. A. (2016). Deformation-induced damage and recovery in model hydrogels—a molecular dynamics simulation. Journal of the Mechanics and
Physics of Solids, 94, 372-387.



Many eggs
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Many eggs: bursting sensation in the mouth

Force (N)
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The maximum force defines the “ultimate force” of rupturing or bursting.
The radii of the eggs have been: curve 1: 4.0 mm, curve 2: 5.2 mm, curve 3:
8.1 mm.
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Caviar: smaller eggs, different perception
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depends on
portion, shape
&
,indvidual
mouth geometry,
tongue motion,
muscle tone,
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What about , flavours“?

Aliphatic

Esters

Linear thioles

Acyclic terpenes

Cyclic terpenes

Sesquiterpenes

Aromates

Phenylderivates

Heterocyclic compounds

Non-volatile compounds

green, grassy, waxy, fatty, champigon, pun-
gent, acid-like, aldehydic ...

fruity, apple, pears, banana, pineapple,
ester-like, ...

sulfery,, cabbage like, ognion, leek, cooked eggs,
cooked potatos, cassis-like, pipi-de-chat, ...

citrus-like, orange, pinie-like, conifer-like,
herbs, terpentines, slightly woody, ...

woody, resin-like, forest-like, bitter hops,
beers, ...

aromatic, vanilla-type, almond-type
smoky, smoked-ham-like

spicy, cinnamon-like, gloves, tonka,
nutmeg, ...

hot, cold, cool, adstingency, irritating,
sparkly, ...
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volatility




Simple example: Caviar + Vodka
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Vodka Caviar
f , oily, Ikohol grassy, butter-like, fishy
e SIEEn BB O arene fatty, mushroom-like H d rmOny
fruity,
Contrast banana
suifry sulfury Harmo ny
aromatic,
Contrast s
tonka- caramel
S spicy Harmony

Contrast hot,

burning



Simple example: Caviar + Vodka
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Vodka

Caviar
grassy, green waxy, oily, alkohol grassy, butter-like, fishy
fatty, mushroom-like
fruity,
banana
sulfury sulfury
aromatic,
honey-like
tonka- caramel
type spicy
hot,
burning



Simple example: Caviar + Vodka + Blini
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Vodka Blini Caviar
grassy, green waxy, oily, alkohol green, waxy, cereal-like grassy, butter-like, ﬁs‘hy
fatty, mushroom-like
fruity,
banana
sulfury sulfury sulfury
0O H
éromatic OH aromatic,
ClTIEONE honey-like
flower
tonka- caramel
type spicy
hot,

burning




Simple example: Caviar + Vodka
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Vodka Blini Caviar
grassy, green waxy, oily, alkohol green, waxy, cereal-like grassy, butter-like, ﬁs‘hy
fatty, mushroom-like
fruity,

banana
sulfury sulfury sulfury
aromatic aromatic’
ClTIEONE honey-like

flower

tonka- caramel
type spicy

hot,
burning




Make it more exciting?
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Vodka Blini Caviar
grassy, green waxy, oily, alkohol green, waxy, cereal-like grassy, butter-like, ﬁs‘hy
fatty, mushroom-like
fruity,

banana
sulfury sulfury sulfury
aromatic aromatic’
ClTIEONE honey-like

flower

tonka- caramel
type spicy

hot,
burning




Make it more exciting?

Vodka Blini Sour cream
] ] fatty, acid-like
rassy, green waxy, oily, alkohol reen, waxy, cereal-like ’ !
grassy. g y, oty 9 Y buttery, fermented
fruity,
banana
sulfury,
sulfury sulfury miIk;
aromatic aromatic,
cinnamon- almond
flower
tonka-
type
hot,

burning
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Caviar

grassy, butter-like, fishy
fatty, mushroom-like

sulfury

aromatic,
honey-like

caramel
spicy



Make it even more exciting?

MAX PLANCK INSTITUTE
FOR POLYMER RESEARCH

Vodka Blini Sour cream Caviar
. . fatty, acid-like, grassy, butter-like, fishy
rassy, green waxy, oily, alkohol reen, waxy, cereal-like b b
grassy, g y, otly 9 Y buttery, fermented fatty, mushroom-like
fruity,
banana
sulfury Ifi sulfury, sulfur
sulfury milky y

plenty of ‘aroma space’ to fill

aromatic aromatic, aromatic,
cinnamon- almond honey-like
flower
tonka- caramel
type spicy
hot,

burning




Make it even more exciting?
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Vodka Blini Sour cream Caviar
. . fatty, acid-like, grassy, butter-like, fishy
rassy, green waxy, oily, alkohol reen, waxy, cereal-like b b=
grassy. g Y, oty 9 Y buttery, fermented fatty, mushroom-like
fruity,
banana
D|| |/Aneth Su|fury'
sulfury sulfury il sulfury
minty
herbal Tonka
citrus
aromatic aromatic, aromatic, aromatic,
cinnamon- almond vanilla, thyme honey-like
flower
tonka- spicy, spicy, caramel
type nutmeg woodruff Spicy

hot,
burning




Make it even more exciting? E.g. Sake

Sake Sake
Junmai Ginjo

grin grin
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fruchtig fruchtig

bitter

schweflig schweflig

sauer (<~ . salzig

aromatisch aromatisch

wirzig wirzig




Make it even more exciting?
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Sake
Ginjo celery root/leave  Sour cream Caviar
green, fatty, acid-like, grassy, butter-like, fishy
green, waxy waxy buttery, fermented fatty, mushroom-like
fruity
Dill/Aneth sulfury,
sulfery milky' sulfury
157 herbal, Tonka
herbal ] ;
) pinetree-like
citrus
woody
resin-like
) aromatic, aromatic, aromatic,
aromatic almond vanilla, thyme honey-like
. spicy, spicy, spicy, caramel
spice nutmeg nutmeg—like woodruff Spicy




Thank you for listening
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International Journal of Gastronomy and Food Science 19 (2020) 100192

Contents lists available at ScienceDirect

International Journal of Gastronomy and Food Science

ELSEVIER journal homepage: www.elsevier.com/locate/ijgfs

Opinion paper

The physics of the mouthfeel of caviar and other fish roe

Thomas A. Vilgis

Max-Planck-Institute for Polymer Research, Soft Matter Food Physics, Ackermannweg 10 55128 Mainz, Germany

ARTICLE INFO ABSTRACT
Keywords: Caviar and other fish roe are among the most popular culinary sensations in gastronomy. The perception of fish
Caviar eggs in the mouth is mostly driven by physical quantities. The skin, a soft solid layer of the eggs bursts under
Fish roe pressure during oral processing and releases the taste and aroma compound in the mouth. The mechanical
zeﬁture properties of fish eggs are investigated and analyzed using physical methods.

ollagen
Mechanical analysis
Food physics

further reading

happy seasons!



