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SayFood  Illustrations
application to deep-frying
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
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A common laboratory between
UMT ACTIA 22.07 SAFEMAT 










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

20 km

Palaiseau, 91
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OUR STRATEGY
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Our priorities

Recycle Reduce Reuse

Objectives of
the 3Rs Decree

Objectives
UMT
22.07

Public Service
Mission
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Safemat project
AXIS 1

FOOD GRADE 

RECYCLATES

AXIS 2

AGING OF

RECYCLED MATERIALS,

REUSED, REEMPLOYED,

COMPOSTABLE

AXIS 3

ENGINEERING

INTEGRATING THE COUPLE

PACKAGING-PRODUCT

Mission of public interest, support the evolution of regulations, reconcile safety and performance
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(linked scales and decisions)
N

O
N

-F
O

O
D

FO
O

D

H
EA

LTH
Food and process engineering

Chemical and material engineering

Health engineering

Technological risk, international policies

civil society

EN
V

IR
O

N
M

EN
T

Environmental engineering

Trends and time scale ~ 2 years

Trends and time scale < 1 year

Trends and time scale from days to many years (accidental)

Trends and time scale from months to many years (chronic)

Trends and time scale

= lifetime (chronic)
shelf-life, safety

contaminations
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O. Vitrac  and M. Touffet, in: Encyclopedia of Food Security and Sustainability. 1st 

Edition., Elsevier, Amsterdam, NL, 2018, pp. 434-453.
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Touffet et al. Coupling between oxidation kinetics and anisothermal oil flow during deep-fat frying. Physics of Fluids. 2021, 33, 085105
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A. Patsioura, et al, Food and Bioproducts Processing 2017, 101, 84-99.

M. Touffet et al., Journal of Food Engineering 2018, 224, 1-16.

M. Touffet et al., Physics of fluids 2021, 33, 085105

►
► Coupling (expensive) vs nesting (inexpensive) Oil oxidation during deep-frying

Oil dripping process (cooling)
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Principles of deep-frying:
beyond conventional descriptions






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
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► Chaining
► Looping
► Ensemble averaging 
► Serialization of scenarios
► Piping
► Standards and good modeling practices

𝑥 = σ𝑤𝑖 ⋅ 𝑥𝑖 /σ𝑤𝑖
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Multiscale model to describe oil uptake

31
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𝑭𝑺: oil content

𝒕: log scale
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wetting
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Oil imbibition vs oil dripping
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Food Packaging
We are sleeping on a volcano... A wind 
of revolution blows, the storm is on the 
horizon. 
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Deterministic, probablistic Probabilistic (no equilibrium)

Free energy perturbation

exp −
𝐹1 − 𝐹0
𝑘𝐵𝑇

= exp −
𝑈1 − 𝑈0
𝑘𝐵𝑇

Statistical-Physics (equilibrium)

Property (transport, thermodynamics) Fluxes, flows, kinetics Risk assessment

Industrial & Engineering Chemistry Research 2010, 49, 7263-7280.

Industrial & Engineering Chemistry Research 2017, 56, 774–787.

Food Research International 2017, 88, Part A, 91-104.
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Probablistic/deterministic Probabilistic (no equilibrium)

Free energy 
perturbation

exp −
𝐹1 − 𝐹0
𝑘𝐵𝑇

= exp −
𝑈1 − 𝑈0
𝑘𝐵𝑇

Probabilistic (equilibrium)

property Contamination scenarios consumer exposure
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Excess mixing 

enthalpy: 

atomistic scale 

Excess mixing

Entropy: coarse 

grained repre-

sentations
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𝑓2 ≤ 𝑓 ≤ 𝑓1

https://doi.org/10.3389/fceng.2021.786879
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Uncertainty vs Ignorance
► “scientia” “opinio
►

►

Y. Zhu, P.-M. Nguyen and O. Vitrac in: G. Robertson (Ed.): Elsevier Food Science Reference Module, Elsevier, Amsterdam, NL, 2019, pp. 64.
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O. Vitrac and M. Hayert, Aiche Journal 2005, 51, 1080-1095.

O. Vitrac, B. Challe, J.-C. Leblanc and A. Feigenbaum, Food Additives and Contaminants t 2007, 24, 75-94.

e.g., monotonic model
𝐶𝐹

𝐶𝐹
𝑒𝑞

►

►

►

►
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 Un problème d’ingénierie sous contraintes

Le numérique, porteur de nouvelles collaborations pour innover en agro-alimentaire ?   9 novembre 2021 41

Recycler Réduire Réutiliser

Sécurité
sanitaire

Durée
de vie

Résistance
mécanique
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 Des procédures de calcul acceptées en EU, USA, Chine

Le numérique, porteur de nouvelles collaborations pour innover en agro-alimentaire ?   9 novembre 2021 42

http://publications.jrc.ec.europa.eu/repository/handle/JRC98028https://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=P100BCMB.TXT

http://publications.jrc.ec.europa.eu/repository/handle/JRC98028
https://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=P100BCMB.TXT
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𝐶𝐹
𝑡𝑖𝑒𝑟 1
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 Des complexités arbitraires

Le numérique, porteur de nouvelles collaborations pour innover en agro-alimentaire ?   9 novembre 2021 44

STORAGE "BEFORE USE" HOT FILLING FATTY CONTACT

MICROWAVE OVEN HEATINGLONG-TERM STORAGE
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CF

HotFilling
(max. 10 
mi@80°C)

Long-term 
storage (max. 
200 
days@25°C)

Microwave 
oven heating 
(max. 5 
min@100°C)

CF

Setoff (max. 100 
days@25°C)

HotFilling (max. 
10 mi@80°C)

Long-term 
storage (max. 
200 
days@25°C)

Microwave 
oven heating 
(max. 5 
min@100°C)

Severity መ𝐶𝐹 step 𝑖 = 𝑓 max 𝐶𝐹𝑀|1→2→⋯→𝑀 − 𝐶𝐹𝑀| Τ1→2→⋯→𝑀 𝑖 , 𝐶𝐹𝑖|𝑖
𝑖

𝑖
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tie layer = EVA

=292=186 (better)

=115
(almost acceptable)

=124

𝑠𝑒𝑣𝑒𝑟𝑖𝑡𝑦 =

100 ×
𝐶𝐹
𝑆𝑀𝐿

Concurrent design (criticality scale)

𝑠𝑒𝑣𝑒𝑟𝑖𝑡𝑦 > 100

Critical step (severity scale)

Critical substance

𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙𝑖𝑡𝑦 =
σ𝑎𝑙𝑙 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡𝑠σ𝑎𝑙𝑙 𝑠𝑢𝑏𝑠𝑡𝑎𝑛𝑐𝑒𝑠σ𝑎𝑙𝑙 𝑚𝑜𝑑𝑎𝑙𝑖𝑡𝑖𝑒𝑠 𝑝𝑟 𝑚𝑜𝑑𝑎𝑙𝑖𝑡𝑦 × 𝑠𝑒𝑣𝑒𝑟𝑖𝑡𝑦
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 De l’ingénierie concurrente à l’ingénierie intégrée 
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shelf-life=1 
year with 
minimal
weight, higher 
safety

 Le projet FMECAengine 3D
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https://fitness.agroparistech.fr/


MULTI-SCALE 
MODELING

Multiscale modeling

“coarse-graining”

Concurrent

Partitioned 
domain

QM/MM

adaptive 
resolution 
scheme

Quasi-
continuum

Hierarchical

Seamless 
heterogeneous 

multiscale 
method

Eq. free

Cloud resolving

Sequential

Empirical 
potentials

Classical 
mechanics

Mesoscopic

the physical problem is 

divided into two or more 

contiguous regions, with 

a different model scale 

used in each.

The coarse 

and fine scales 

are considered 

at once

the coarse-scale 

model calls regularly 

the finescale

model to determine a 

constitutive law and, 

conversely, the fine-

scale model looking 

to the coarse-scale 

model for its 

boundary conditions

“particles/blobs” represent a collection of 

atoms or moleculesminimal set of key parameters to 
describe a complex process

“multiscale modeling”3 was coined in the 

early 1980s for modeling the transfer of 

energy between flow eddies at many 

different length scales in turbulent flows.
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DIGITAL-TWIN
FROM SMALL (SCALES, LAB)
TO BIG (SCALES, INDUSTRY)

mailto:olivier.vitrac@agroparistech.fr
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“A digital twin is a virtual 

representation of a physical 

object or system that aims to 

simulate its real-world 

characteristics and behavior

While it is meant to be as close 

to reality as possible, it is still 

a digital model and does not 

perfectly reflect the reality.

The digital twin is a dynamic 

simulation that can be updated 

with real-time data from the 

physical object, but it is not 

the reality itself”
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ALTERNATIVE

EVOLUTION

FOLLOWED

EVOLUTION
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TWIN

REALITY

FOOD-ATOM 

some

configurations

A MECHANICAL TWIN PROVIDES MORE DETAILS THAN PUNCTUAL MEASUREMENTS:
RADIAL EXPANSION, COUPLING WITH WATER TRANSPORT, EXSUDATION, SLIPPING
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