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Abstract

Foods can become inedible owing to chemical and physical
transformations by both biological (endogenous enzymes and
microorganisms) and physico-chemical causes (oxygen, radiation,
heat, moisture content variation). In the last centuries, investments on
research and industry were focused on treatments able to overcome
food damage, with the aim to get edible and storable foods, reducing
nutritional losses and production costs. Preservation techniques are
based on physico-chemical, physical, chemical and biological
methods. Physical methods are divided into two classes: methods
based on heat transfer (pasteurization, sterilization, cooking,
blanching) and methods based on simultaneous transfer of heat and
mass (drying, concentration). Among these techniques, microwave
heating, characterized by electromagnetic loss mechanisms
(dissipation), is a good alternative to the traditional convective heat
treatment, with several advantages: fast kinetics, short process time
and thus minimization of thermal damages, volumetric heating, and
selectivity.

The aim of the thesis is to study the most important thermo-physical
properties, such as thermal conductivity, specific heat and dielectric
properties, of food matrices with a high moisture content: potatoes and
carrots. Reliable characterization protocols dedicated to the analysis of
the properties were developed in a specific temperature range to avoid
structural or chemical transformations. In particular, a temperature
range between 10 and 50 °C and suitable conditions (samples size,
heating speed in a thermostatic bath) were used to avoid both the
starch gelatinization and a large variation of moisture content,

[X1]
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respectively. Scanning Differential Calorimetric measurements were
carried out by imposing a thermal program.

The measurements analysis put into evidence that there is not a
substantial variation of dielectric properties at the typical frequencies
of industrial heating (915 MHz and 2.45 GHz). Instead, thermal
properties (thermal conductivity, specific heat and thermal diffusivity)
increase with the temperature. Scanning Differential Calorimetric
measurements put in evidence that it is difficult to obtain a complete
thermal characterization of food matrices affected by the evaporation
of the free water contained in it. The thermal signal incoming to the
system is numerically comparable with the heat absorbed for the
evaporation, thus the valuation of the accumulation term and of the
specific heat by the heat balance equation in the temperature range 10-
80 ° C gives physically wrong results. In conclusion, the estimation of
specific heat of food matrices cannot be possible by the using of
differential calorimeter in the thermal range where the free-water
evaporation occurs.

The thermo-physical characterization methods developed in this thesis
will be applied to food matrices subjected to a stronger heating, thus
evaluating the thermal properties variations at high temperatures.
However, in this case, some phenomena must be taken into
consideration, for example the possible variations of the moisture
content and transformation processes induced by heat (gelation of
starch).
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