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SCOPE OF THE COURSE
OBJECTIVES
The aim of this module is to provide in-depth expertise on complex unit opera-
tions for food transformation and stabilization. It covers conventional and emer-
ging technologies (conventional, innovative, nanotechnologies), specific tropi-
cal sectors (such as sugar, starches, milk, etc.), and the use of digital tools (mo-
deling, simulation, image analysis) to optimize processes according to multi-
objective criteria (quality, economy, safety).

COMPETENCE AND SKILLS
Upon completion of this course, the student will be able to : - Design conven-
tional thermal processing equipment, separation units (settling, centrifugation,
membrane processes), evaporation-concentration systems, and drying processes
(spray drying, freeze-drying). - Compare and select innovative stabilization pro-
cesses (thermal and non-thermal) based on the food matrix. - Calculate and
optimize mass and energy balances for a complete process. - Analyze food pro-
ducts using industrial vision (ImageJ) for quality control. - Develop and simu-
late mathematical models (deterministic, empirical, etc.) of mass/heat transfers
using numerical tools (Matlab, Python, Comsol) applied to stabilization, preser-
vation, and agro-food transformation processes.

PROGRAM

1. Unit operations and processes
2. Separation processes (extraction, membranes, settling, centrifugation)
3. Stabilization processes via evaporation-concentration
4. Dehydration processes (spray drying, freeze-drying, convective air drying)
5. Food product texturing (granulation, extrusion)
6. Innovative food processing technologies (alternative thermal processes

(microwaves, infrared radiation, ohmic heating, …))
7. Non-thermal food processing technologies (irradiation, homogenization,

ultrasound, pulsed electric fields, high pressure, pulsed light)
8. Sugar technology : steps in sugar production processes (extraction of su-

garcane and sugar beet juice, juice purification, evaporation, crystalliza-
tion, sugar separation, drying and packaging) and calculations related to
the different manufacturing stages, equipment used

9. Applications of nanotechnology in the food industry (nanotechnology ba-
sics, nanoparticle fabrication,micro and nanoemulsions, nano-encapsulation)

10. Multi-criteria optimization of processes (trade-offs between nutritional,
sanitary, sensory, technical, and economic quality)

11. Digital images, processing and analysis for industrial applications (image
acquisition, lighting, sensors and ImageJ software)

12. Modeling in food industries (mathematical models based on balances and
mass/energy transfers, empirical models, process optimization)

13. Numerical simulation and software (Comsol Multiphysics, Matlab and Py-
thon) : Introduction to solving transfer equations in Matlab/Python and
introduction to finite elements with Comsol Multiphysics.
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REQUIREMENTS

— Biology/Microbiology/Biochemistry : Microorganism structure and basics of
bacterial growth.

— Physics/Chemistry : Concepts of temperature, heat, pressure, and simple
mass balances.

— Applied Mathematics or Math Complements : Use of logarithmic and expo-
nential functions, graph reading.

— Physics Complements.


