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This PhD thesis research project is aimed at improving the safety, shelf-life and quality of animal foods, such as fresh sausages and dairy products, using non-thermal treatments including high-pressure processing (HPP), bioprotective cultures and natural antimicrobial compounds (i.e. essential oils).

Utilizzo di trattamenti non termici per il miglioramento della sicurezza, della qualità e della shelf-life di prodotti di origine animale

Questo progetto di tesi di dottorato mira a migliorare la sicurezza, la shelf-life e la qualità di prodotti di origine animale, come, ad esempio, salsicce fresche e prodotti lattiero caseari, utilizzando trattamenti non termici tra cui le alte pressioni idrostatiche (HPP), le colture di biocontrollo e l’utilizzo di composti antimicrobici naturali come gli oli essenziali.

1. State-of-the-Art
The market requires more and more minimally processed foods, less treated to safeguard the perceived safety, nutritional quality, and organoleptic aspects. In fact, the heat treatments applied to food cause chemico-physical, nutritional, and sensory changes that can reduce the quality of the product. For this reason, the goal of the processing technologies is to be mild for foods especially with respect to their nutritional value while diminishing any pathogenic and spoilage risk or any quality deterioration (Valdramidis & Koutsoumanis, 2016). To obtain a safe food matrix, the most important challenge is to avoid the presence of pathogenic microorganisms. Among them, Salmonella spp., Listeria monocytogenes and Escherichia coli are the most involved pathogens in foodborne outbreaks, while Pseudomonas aeruginosa, Staphylococcus sp., Brochothrix thermosphacta, Psychrobacter sp., Micrococcus sp., lactic acid bacteria and several strains of Enterobacteriaceae are the most reported microorganisms in the spoilage process (Rosario et al., 2021). The high-pressure processing is proposed as one of the non-thermal technologies for the inactivation of microorganisms and the prolongation of the shelf-life of foods. During HPP process, the matrix is subjected to pressures from 100 to 1,000 MPa in an aqueous medium at room temperature. The treatment can improve the microbiological quality of the products, promoting microbial inactivation by minimizing nutritional and sensory changes of the matrix as commercial applications generate a non-significant increase in the temperature of the treated food (Aymerich et al., 2008). 
In addition to the application of non-thermal technologies for the treatment of products of animal origin, other strategies can be adopted, such as the application of natural antimicrobials (essential oils or their components, phenolic extracts, etc.), the use of bioprotective cultures and metabolites produced by them (bacteriocins). Consumers are aware of the negative health effects of food additives, and, for this reason, processed meat products obtained without adding chemicals are becoming increasingly important (Balciunas et al., 2013). In example, nitrates and nitrites can be reduced or replaced using natural substances present in spices, herbs, or essential oils, or deriving from microbial (bacteriocins) or animal (lysozyme) sources (Oliveira et al., 2018). However, the microorganisms used as bio-protection agents in foods have to show a high antagonistic activity against pathogenic and/or degrading microorganisms, must be safe for human health and must not have negative repercussions on the sensory and nutritional quality of the food product (Oliveira et al., 2018). 
In this regard, my PhD research project is aimed at evaluating the application of the most interesting of these strategies to improve the organoleptic and nutritional quality and to prolong the shelf-life of products of animal origin (fresh sausage, dairy products) and assuring food safety avoiding the proliferation of pathogenic or toxin-producing microorganisms.
2. PhD Thesis Objectives and Milestones
The present research project aims to evaluate the use of non-thermal treatments to improve the safety, quality, and shelf-life of processed products of animal origin, in particular fresh pork sausages, and dairy products.

The PhD thesis project can be divided into the following activities, summarized in the Gantt chart shown in Table 1:
A1) Bibliographic research of non-thermal treatments on characteristics of processed foods of animal origin. 
A2) HPP application on fresh pork sausages to evaluate its impact on meat color and microbial growth.

A3) HPP application on dairy products to evaluate their safety and shelf-life prolongation.
A4) Use of plant extracts and/or essential oils for the safety and quality enhancement of product of animal origin. Plant extracts and/or essential oils will be characterized as regard their composition. Their antimicrobial effects will be studied in vitro against common foodborne pathogens. The most interesting matrices will be tested in animal food models.
A5) Use of bioprotective cultures to increase the safety and quality of product of animal origin. Some bioprotective lactic acid bacteria strains will be tested for their antimicrobial activity in vitro and in animal food models. In addition, the cell free supernatants and/or purified antimicrobial peptides will be studied in the same matrices. 
A6) Writing and publication of the doctoral thesis, posters, scientific articles, and oral presentation.
Table 1 Gantt diagram for this PhD thesis project.
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	Preparation of manuscripts, presentations, and thesis
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