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Abstract

The general objective of this project was the identification of applicable pre-
treatments on fruit and vegetable products in order to reduce the loss of nutritional
components during the dehydration process and, at the same time, to reduce the
residence time of the product during the process itself. Through the study carried
out, it was possible to define a prototype of a smart dehydrator. In the future, this
prototype will have to be further implemented in order to make it usable on an
industrial level.

Specific objectives of this experimentation are the monitoring and consequent
optimization of the hot air flow dehydration process, considering organic carrots as
products (cv. Romance and Carvejo). In order to achieve the intended purpose, the
effects of some pre-treatments (thermal, dipping and vacuum impregnations
techniques) aimed at reducing the dehydration time and improving the final quality
of the plant matrices subjected to the process were investigated. The analytical
techniques used for the analysis were: the peroxidase enzymatic activity assay
(POD), the colorimetric analysis, the determination of the total phenol content, the
extraction and quantification of carotenoids, the analysis of the rehydration and
determination of the dry matter content. The monitoring of chemical-physical
changes of the products (e.g. moisture content, water activity, soluble solids,
titratable acidity, phenolic content, carotenoid content, consistency and color
changes) was conducted taking into account the operational parameters that
influence dehydration (temperature, air speed and relative humidity). In addition,
four mathematical models were employed to describe the kinetics of dehydration.
The ultimate goal of the design activity is the transfer of the monitoring and control
system to a dryer prototype...
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1. Introduction

To meet the new needs of the food sector, which is increasingly expanding, such as
the demand for greater safety and the need to extend food storage times, or the need
to facilitate transport, dehydration processes have proved to be a valid proposal.
These processes make use of dynamic and non-linear characteristics, influenced by
the food matrix of reference and by the operational and environmental properties to
which one operates. Obviously, these factors have an impact on the qualitative and
organoleptic, nutritional and functional characteristics and, consequently, have an
impact on the final judgment made by consumers. Furthermore, the dehydration
process requires a significant amount of energy, inevitably causing a contribution
to climate change. For this reason, more and more scholars are trying to find valid
solutions that can minimize the energy demand by the process, without affecting its
normal operating conditions. "Innovation smart drying" is an emerging dehydration
technique, which aims precisely to mitigate the problem of the conspicuous energy
demand of classic dehydration, through the use of sensors and non-destructive
technologies, which aim to improve the efficiency of the process itself. The project
aims to implement "smart" systems for monitoring and controlling the dehydration
parameters (temperature, air speed and relative humidity) and product quality
during the process, based on the use of non-destructive technologies such as 'image
analysis and Vis-NIR spectroscopy (point and hyperspectral). This approach will
be applied to the dehydration of some fruit and vegetables of organic origin. The
aim will be to optimize the dehydration process, reducing energy consumption and
maximizing the quality of the finished product. For this purpose, [1] specific
product pre-treatments will be identified to stabilize the product during the process
and [2] the chemical, physical and physical chemical changes of the product will be
monitored (moisture content, water activity, soluble solids, titratable acidity,
phenolic content, antioxidant activity, consistency and color changes) during the
process, depending on the selected pre-treatments and the process parameters
adopted (temperature, air speed and relative humidity). The design activity will also
deal with the transfer of the monitoring and control system to a dryer prototype.

2. Materials and methods

Innovation is a key factor for the success of organizations.

The implementation of an innovation offers various benefits to an organization; in
particular:

- favors growth, revenue and profit deriving from innovations.

- brings new ways of thinking and new value to the organization.

- Proactively intercepts value from a better understanding of future market needs
and possibilities.

- helps to identify and mitigate risks.

- draws on the organization's collective creativity and intelligence.

- intercepts the value of collaboration with innovation partners;

- motivates the involvement of employees within the organization and promotes
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"Focus groups" on the choice of ideas and innovations.

Thin-layer drying generally refers to the dehydration of a thin layer of chopped or
thinly sliced products where the drying temperature can be assumed uniform.
Mathematical thin-layer drying models have been shown to be very useful for
simulating and estimating the behavior of various types of products during
dehydration. This is thanks to the use of mathematical equations, used to predict the
kinetics of dehydration (dehydration curves) of many types of porous materials,
food and non-food. Thin-layer drying models that describe the dehydration process
of agri-food products fall mainly into three categories: theoretical, semi-theoretical
and empirical.

* Theoretical models: take into account both external and internal resistances to the
transfer of humidity. They involve the geometry of the material, its mass diffusivity
and the conductivity of the material (Cihan and Ece 2001). In thin-layer dehydration
of food products, the analysis of the dehydration process is calculated using a
diffusion model based on Fick's second law (Duc et al, 2011).

» Semi-theoretical models: they are generally derived from Fick's second law
(theoretical models) and from modifications of its simplified forms, or from
analogies with Newton's law of cooling. Factors that can determine the application
of these models include drying temperature, drying air velocity, material thickness,
initial moisture content, and relative humidity (Panchariya and others, 2002; Erbay
and Icer , 2010). These models, unlike the theoretical ones, take into account only
the external resistances to the transfer of moisture between the product and the
dehydration air.

* Empirical models: provide a direct relationship between the average moisture
content and the dehydration time. The main limitation to the application of
empirical models in thin-layer dehydration is that they neglect the fundamental
principles of the dehydration process; their parameters have no physical
interpretation, and their applications are specific to the dehydration conditions of
the experiments. However, due to the complex nature of the diffusion of moisture
within agri-food products, empirical models are still widely used to describe the
dehydration characteristics of these products.

4. Results and Conclusion

The impact generated by this project within Millenium S.r.1. can be considered high.
The potential in terms of an expansion of the market to which the company
addresses is not negligible.

From the data obtained from the analyzes carried out, it was possible to draw the
following conclusions. Blanching in water hothas proved to be a valid method in
inactivating by combining time and temperature in such a way that it does not
rapportage organoleptic modifications to the treated product.

The dehydration of the samples were carried out at 40°C for 8 hours. From content
analysis of moisture, free water, total soluble solids and carotenoids were not found
obvious differences between control (product eightnot subjected to any
pretreatment) and pretreatment with blanching, although it is possible to assume
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that the product treated with bleaching is subject to more rapid dehydration The
impact in terms of professional growth of the staff employed in research is also
positive and can be used in the provision of specific services.
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