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26" PhD Workshop Program

Workshop venue: UniASTISS o
Polo Universitario Di Asti Studi Superiori “Rita Levi Montalcini” \/AU n IASTISS

Piazzale Fabrizio De André, Asti, Italy

Polo Universitario Rita Levi-Montalcini

Monday, September 19, 2022

13:30 - 14:00

14:00 - 14:45

14:45 - 16:15

14:45 -16:15

Registration opens at 10:00 time

Workshop opening ceremony and welcome note
(Aula Magna 1, in parallel streaming Aula Magna 2)

Maurizio Rasero, Sindaco Citta di Asti

Mario Sacco, Presidente Polo Universitario UniASTISS
Stefano Geuna, Magnifico Rettore Universita di Torino
Rosalba Lanciotti, Presidente SIMTREA

Ernestina Casiraghi, Presidente SISTAL

Plenary lecture (Aula Magna 1, in parallel streaming Aula Magna 2)
“The 12 pleasures of science”
Marcel Zwietering, Wageningen University, The Netherlands

Parallel session 1: Microbial fermentation (Aula Magna 1)
Session Chairs: Monica Gatti, Gianluigi Mauriello

Marilisa Giavalisco, SAFE, University of Basilicata
“Use of Lactiplantibacillus strains and yeasts for the production of fermented table
olives and extra virgin olive oil”

Andela Martinovié, DeFENS, University of Milano
“The ability of Streptococcus thermophilus ST870 to modulate urease activity in healthy
subjects’ fecal samples depends on the biomass production process”

Samantha Rossi, DISTAL, University of Bologna
“Biotechnological approaches to valorise alternative protein source, waste and by-
products of food industries.”

Parallel session 2: Bakery products (Aula Magna 2)
Session Chairs: Maria Cristina Messia, Monica Laureati

Veronica Oliviero, Department of Agriculture, University of Napoli Federico Il
“Design and validation of healthy leavened bakery products: Focus on chemical-physical
and sensory properties”

Martina Moretton, DI4A, University of Udine
“Formulation and processing strategies for obtaining bakery products tailored to the
elderly’s needs”
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16:15

16:15-17:00

17:00 -18:30

17:00 - 18:30

Alice Costantini, Faculty of Science and Technology, Free University of Bozen-Bolzano
“Leavened baked goods for improving the functionality”

Oumayma Toumi, Department of Agricultural Sciences, University of Sassari
“Use of response surface methodology to investigate the effect of partial substitution of
sodium chloride with Salicornia ramosissima powder in wheat dough and bread”

6" What For Award, Federalimentare
Video presentation of the selected final proposals (Aula Magna 1 and Aula Magna 2)

Coffee break
Poster viewing (PhD I year Aula 6 - ground floor; PhD Il year Aula seminari - first floor)

Parallel session 3: Food analysis (Aula Magna 2)
Session Chairs: Ernestina Casiraghi, Angelita Gambuti

Silvio lacovino, DiAAA, University of Molise
“Flour rheological properties assessed through empirical and fundamental methods”

Anna Luparelli, Department of Chemistry, University of Bari
“Development of innovative methods for the multiple analysis of allergens in processed
foods”

Luca Menegoz Ursol, DI4A, University of Udine
“Optimization of rapid analytical protocols for monitoring the contamination with
hydrocarbons of petrogenic origin in the olive oil supply chain”

Giacomo Bedini, DIBAF, University of Tuscia
“Use of non-destructive analysis techniques for the technological and chemical-physical
characterization of fruit and vegetables and for monitoring of the drying process”

Parallel session 4: Microbial characterization (Aula Magna 1)
Session Chairs: Alessio Giacomini, Marisa Manzano

Cecilia Crippa, Department of Agricultural and Food Sciences, University of Bologna
“Application of Next Generation Sequencing for the characterization of microbial hazard
in Italian dairy and meat food productions realized in small-scale plants”

Federica Barbieri, Department of Agricultural and Food Sciences, University of Bologna
“Characterization of new bio-protective and functional lactic acid bacteria isolated from
spontaneously European fermented sausages”

Luca Bettera, Food and Drug Department, University of Parma
“Non-starter Lactic Acid Bacteria: origin and characterization for a potential targeted
use in cheesemaking”

Rossella Filardi, DeFENS, University of Milano
“Isolation and characterization of new isolates of Akkermansia muciniphila with a focus
on antibiotic-resistance phenotypic and genotypic traits”
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Tuesday, September 20, 2022

08:30 - 09:15

09:15 -10:45

09:15 - 10:45

10:45

10:45-11:30

11:30-13:30

Plenary Lecture (Aula Magna 1, in parallel streaming Aula Magna 2)
“From idea to business start-up - developing entrepreneurial skills for life”
Jonathan Tait, EIT Food, Belgium

Parallel session 5: Food sustainability (Aula Magna 1)
Session Chairs: Monica Anese, Massimiliano Rinaldi

Mirella Noviello, DiSSPA, University of Bari
“Sustainable approaches to winemaking and wine aging”

Marika Valentino, Department of Agricultural Sciences, University of Napoli Federico Il
“Biopolymer active coating to extend the shelf-life of minimally processed fruits and
vegetables”

Angela Michela Immacolata Montone, DIIN, University of Salerno
“Development of edible coating functionalized with hydroxyapatite, complexed with
bioactive compounds for the shelf-life extension of food products”

Valeria Frigerio, DeFENS, University of Milano
“Shelf-life estimation as a strategic tool for the eco-design of a sustainable food
packaging”

Parallel session 6: Food biotechnology (Aula Magna 2)
Session Chairs: Prospero Di Pierro, Angela Capece

Serena Malabusini, DeFENS, University of Milano
“Bioetholgy of a promising parasitoid associated with fig pests”

Chiara Purgatorio, Food Sciences, University of Teramo
“Alternative antimicrobial strategies for the replacement of traditional preservatives
and evaluation of the impact on stability and safety of food products”

Francesca Melini, DIBAF, University of Tuscia
“Application of metabolites secreted by plant growth-promoting bacteria to selected
crops and evaluation of nutritional quality thereof”

Francesco Salini, DI4A, University of Udine
“Heterologous expression of two novel antimicrobial peptides and investigation of their
dedicated protease”

6% What For Award, Federalimentare
Video presentation of the selected final proposals (Aula Magna 1 and Aula Magna 2)

Coffee break
Poster viewing (PhD | year Aula 6 - ground floor; PhD Il year Aula seminari - first floor)

Parallel session 7: Food processing (Aula Magna 2)
Session Chairs: Maria Cristina Nicoli, Giuseppe Gambacorta

Nazarena Cela, SAFE, University of Basilicata
“Optimization of microbrewing process for high quality gluten free beer production”

Aniello Falciano, Department of Agricultural Sciences, University of Napoli Federico Il
“Processing and innovation in the Neapolitan Pizza manufacturing”

Fosca Vezzulli, DiSTAS, Universita Cattolica del Sacro Cuore
“Multifactorial traceability and characterization of green and roasted coffee”
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11:30-13:30

13:30-14:30

14:30 - 15:15

15:15-16:45

15:15-16:45

Davide Emide, DeFENS, University of Milano
“The complexity of protein network in foods: insight in the protein structure in cereal
products”

Andrea Bresciani, DeFENS, University of Milano
“Effects of processing on pulses and related products”

Parallel session 8: Probiotics, prebiotics and nutraceutics (Aula Magna 1)
Session Chairs: Carlo Rizzello, Fabio Minervini

Stefan Klettenhammer, Faculty of Science and Technology, Free University of Bozen-
Bolzano
“Innovative techniques to encapsulate food-grade bioactives”

Claudia Cappello, Food engineering and Biotechnology, Free University of Bozen-
Bolzano

“A novel functional herbal tea containing probiotic Bacillus coagulans GanedenBC*: an
in vitro study using the Simulator of the Human Intestinal Microbial Ecosystem (SHIME)”

Margherita D'Alessandro, Department of Agricultural and Food Sciences, University of
Bologna

“Development and investigation of functional foods conceived for specific categories of
consumers and produced with selected strains isolated from healthy vaginal
environment and human breast milk”

Annalisa Porrelli, DiSSPA, University of Bari
“Functional food and per os microbial delivery system with a potential role in the
prevention of diseases related to the human intestinal microbiota”

Giovanni Turchetti, DIBAF, University of Tuscia
“Identification and characterization of bioactive plant extracts and evaluation of viable
use in the food industry”

Lunch
Poster viewing (PhD I year Aula 6 - ground floor; PhD Il year Aula seminari - first floor)

Plenary lecture (Aula Magna 1, in parallel streaming Aula Magna 2)
“The future of wine-making... the role of the scientific research”
Luigi Moio, University of Napoli Federico Il and President of the OIV, Italy

Parallel session 9: Food circularity (Aula Magna 1)
Session Chairs: Matteo Mario Scampicchio, Rossella Di Monaco

Patricia Dahdah, Department of Agricultural Sciences, University of Sassari
“Valorization of olive oil extraction by-products through functional bread making”

Marco Montemurro, DiSSPA, University of Bari
“Exploitation of unconventional plant matrices and agri-food waste through
biotechnological processes”

Marica Troilo, DiSSPA, University of Bari
“Grape pomace as an innovative flour for the formulation of bakery products: how
nutritional, textural and sensorial properties were affected?”

Parallel session 10: Targeted nutrition (Aula Magna 2)
Session Chairs: Ilario Ferrocino, Francesca De Filippis

Massimiliano Tucci, DeFENS, University of Milano
“Definition and validation of a healthy and sustainable dietary pattern, enriched with

-8 -
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16:45-17:00

17:00 -18:30

17:30-19:00

19:00

20:00

23:30 (est.)

plant-based foods rich in bioactives compounds, in the context of the MIND FoodS Hub
project”

Flavia Casciano, DISTAL, University of Bologna
“In vitro study of short-term effect on gut microbiota of foods and ingredients for
specific consumer categories”

Cinzia Franchini, Department of Food and Drug, University of Parma
“Promotion of nutrition knowledge and sustainability of dietary behaviors in different
student populations”

Veronica D'Antonio, Bioscience and Agro-Food and Envr. Technology, University of
Teramo

“Role of typical foods from Abruzzo region in reducing oxidative, inflammatory and
metabolic stress in frail elderly people and/or affected by degenerative diseases”

Awarding Ceremony (Aula Magna 1, in parallel streaming Aula Magna 2)
Fondazione Prof. Roberto Massini - ETS

Poster viewing and discussion
(PhD I year Aula 6 - ground floor; PhD Il year Aula seminari - first floor)

PhD Coordinators meeting (Aula 5)

Bus departure from the Workshop venue (Piazzale Fabrizio De André, Asti) to the Gala

Dinner

Gala Dinner (Foro Boario Pio Corsi, Piazza Garibaldi, Nizza Monferrato, AT)

Bus departure from the Gala Dinner venue back to Asti and Torino

Wednesday, September 21,2022

09:00 - 09:45

09:45 - 11:45

Plenary lecture (Aula Magna 1, in parallel streaming Aula Magna 2)
“Sustainable nutrition: the new challenge for the Italian food system”
Mauro Fontana, President of the Italian AgriFood Cluster (CLAN), Italy

Parallel session 11: Innovation in the food system (Aula Magna 1)
Session Chairs: Marco Dalla Rosa, Fernanda Galgano

Federico Basso, DI4A, University of Udine
“Hyperbaric storage: An innovative and sustainable technology to extend stability and
improve functionality of food”

Giulia D'Alessio, Bioscience and Agro-Food and Envr. Technology, University of Teramo
“Impact of high dynamic pressure treatments on the physicochemical properties and
technological functionality of pea proteins”

Giulia Romano, DI4A, University of Udine
“Optimization of cooking for food service: matching quality and nutritional requirement
as drivers for development of innovative tools”
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9:45 -11:45

11:45-12:30

12:30-13:00

13:00 - 14:30

14:00

Mehmet Onur Oral, DAFNE, University of Foggia

“Adding unprecedent economic and social values to the side- and by-products of
Mediterranean fruit and vegetables by reshaping them in novel source of nutrients and
tailored food products mediated by 3D printing technology”

Vincenzo Valentino, Department of Agricultural Sciences, University of Napoli Federico
Il
“Validation of Microbiome Mapping Strategies for the Food Industry”

Parallel session 12: Wine quality and analysis (Aula Magna 2)
Session Chairs: Fabio Mencarelli, Daniela Fracassetti

Francesco Maioli, DAGRI, University of Firenze
“Monitoring and management of chemical and physical wine parameters by using
different tank materials into the winemaking process”

Giulia Scalzini, DISAFA, University of Torino
“What is the best time to harvest red grapes cv. Nebbiolo destined to withering? A three-
years study”

Sabrina Voce, DI4A, University of Udine
“Yeast strain and processing technology affect the composition of yeast autolysates:
characterization and potential effects on wine evolution”

Paola Bambina, SAAF, University of Palermo
“IH-NMR-based metabolomics to assess the impact of the soil on the chemical
composition of Nero d’Avola red wines”

Rolla El Harati, Department of Agricultural Sciences, University of Sassari
“Utilization of citral as antimicrobial on the mutants of £1278b library of Saccharomyces
cerevisiae”

Awarding ceremony (Aula Magna 1, in parallel streaming Aula Magna 2)
6" What For Award, Federalimentare

Closing ceremony (Aula Magna 1, in parallel streaming Aula Magna 2)

Lunch and farewell

Post-event: COSTAL meeting (Aula 5)

-10-
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List of contributions

1*tyear PhD Students: PhD Dissertation Projects & Miniposters

Miniposter PhD Student Title of the contribution Page
location Institution
101 Gianmarco Alfieri Low-cost non-destructive sensors for monitoring 23
University of Tuscia polyphenols, volatile compounds and quality parameters in
grapes, musts and wines
102 Giuliana Aliberti Development of a multifunctional cooking appliance: 25
University of Milano evaluation of food quality indexes and cooking functions
103 Giulia Andreani Using consumer science to improve healthy and sustainable 27
University of Parma eating behavior
104 Claudia Antonino Sustainable approach to obtain innovative fresh cheeses by 29
University of Bari increasing shelf-life and nutritional features
105 Andrea Balivo Inclusion of fresh forage in lactating ruminant diet. 31
University of Napoli Federico Il Evaluation of sustainability and effect on the chemical and
sensory properties of milk and dairy products
106 Andrea Bandiera Use of deep learning in combination with FT-NIR 33
University of Tuscia spectroscopy for the analysis of extra virgin olive oil
107 Federico Baris Insights on the mechanisms underlying the colour expression 35
University of Bologna and stability of Italian rosé wines
108 Lorenzo Barozzi Novel plant protein sources for the beverage sector: 37
University of Udine technological functionality, nutritional properties, sensory
characteristics, and consumer acceptability
109 llary Belardi Development of sustainable and innovative strategies for the 39
University of Perugia valorization of by-products of the brewing industry
110 Tommaso Bellesia ECO-sustainable packaging materials for the food industry 41
University of Milano (ECOPACKMAT)
111 Elena Bertolotti Development of innovative tools for nutrition education: a 43
University of Parma promising strategy to tackle and prevent malnutrition and to
reduce the environmental impact of food through the
adoption of healthier and more sustainable diets
112 Paola Biscotti Valorization of milk and dairy products in healthy and 45
University of Milano sustainable dietary patterns
113 Sara Bolchini Antioxidant activity of Maillard reaction products by 47
Free University of Bozen-Bolzano multiresponse kinetic models
114 Ambra Bonciolini Strategies for developing functional food products by 49
University of Torino creating a polyphenol-phytosterols complex
115 Sara Margherita Borgonovi Biobased approaches at modulating the interaction between 51
University of Milano legume biopolymers and bioactives: a perspective for the
production of gluten-free baked goods
116 Laura Brunelli Assessment of the stability and efficacy of a newly developed 53

University of Milano

probiotic blend in the context of IBS through a pilot
multicentre study

-11-
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Miniposter PhD Student Title of the contribution Page
location Institution
117 Angela Carboni Valorisation of artichoke by-product as ingredients for 55
University of Sassari functional dairy foods
118 Andrea Casson Eco-design tool development for sustainability optimization 57
University of Milano in food production systems and food waste reduction
119 Miriam Chiodetti Bio-sustainable technologies to produce raw materials and 59
University of Parma food products with improved physico-chemical, nutritional
and safety properties
120 Valentina Civa Non-conventional Inactivated Yeasts and Tannins: evaluation 61
University of Firenze of their impact on the chemical, physical and sensorial
characteristics of wines
121 Fatma Dadi Strategies to increase the sustainability of plant-based 63
Universita Cattolica del Sacro proteins
Cuore
122 Federica De Agostini Shelf-life modelling as a strategic tool to validate sustainable 65
University of Milano food/packaging solutions: the case of coffee
123 Lorenzo De Berardinis Engineering of bioaerogels as key ingredients in the 67
University of Udine development of functional foods to deliver health through
diet
124 Ester De Martino Enzyme biotechnology to recovery byproducts from 69
University of Napoli Federico Il agricultural and food wastes
125 Camilla De Paolis Impact of different filtration processes on genetic traceability 71
University of Torino of monovarietal wines
126 Giulia Di Filippo Health-promoting whey protein-derived peptides in 73
University of Udine functional foodstuff
127 Flavia Dilucia Use of vegetable by-products for the formulation and study 75
Universita di Foggia of foods with high health value and to prolong their shelf-life
128 Peyman Ebrahimi Sustainable technologies and valorisation of food by- 77
University of Padova products by the recovery of bioactive compounds
129 Dilek Eltemur Authentication of hay milk and its dairy products with nuclear 79
Free University of Bozen-Bolzano magnetic resonance spectroscopy
130 Vanessa Eramo Ozone technology for sanitization and product quality in the 81
University of Tuscia dairy supply chain
131 Alessia Esposito Selection of Next-Generation Probiotics (NGPs) from the gut 83
University of Napoli Federico Il microbiome of subjects with different dietary patterns
132 Chiara Evangelista Development of strategies for the adaptation of the livestock 85
University of Tuscia sector to the new climate regime with machine learning and
artificial intelligence methods
133 Camilla Febo Development of a food-waste derived bioink for sensing 87
Free University of Bozen-Bolzano applications
134 Gebremedhin Gebremariam Applications of cold atmospheric plasma as green technology 89
Gebremical for food shelf-life extension
University of Bologna
135 Stefano Gerna Integrated green strategies for the management, recovery 91
University of Milano and recycling of waste in a dairy factory
136 Gloria Ghion Fermentation of plant by-products by using probiotic 93

University of Padova

microorganisms to obtain functional foods with potential
health benefits

-12-
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Miniposter PhD Student Title of the contribution Page
location Institution
137 Elena Gramiccia Morphological and genetic characterization of Phaseolus 95
University of Tuscia vulgaris and P. coccineus landraces grown in the Aniene’s
Valley and evaluation of agronomic and nutritional
performances of Helianhtus tuberosus accessions of different
geographical origin cultivated in marginal environments
138 Ignazio Maria Gugino Analysis and characterization of Sicilian cereals landraces to 97
University of Palermo destined at malting and brewing industry
139 Giuseppe laniri Use of wild edible plants as environmental indicators and as 99
University of Molise ingredients for the creation of new functional and enriched
products
140 Merima Jasarevic Plant health monitoring of crops of high territorial relevance, 101
University of Tuscia identification with advanced diagnostic tools and design of
sustainable prevention systems
141 Karen Lacey Development of methods and technologies for the specific 103
University of Parma inhibition of enzymes relevant for low colour stability of fruit
juices and nectars
142 Carmen Laezza Cell cultures of Mediterranean plant species involved in the 105
University of Napoli Federico Il production of novel food
143 Umberto Lanza Food and food bioactives fighting chronic inflammation 107
University of Udine
144 Celeste Lazzarini Production and analytical characterization of new and 109
University of Bologna traditional foods: focus on sustainability
145 Micaela Lembo "Green" Technologies in the supply chain of agri-food 111
University of Tuscia company
146 Alessia Lena Application of an eco-sustainable technology: use of direct 113
University of Udine and photodynamic UV light for the microbial
decontamination on food industries
147 Leandra Leto Bioactive compounds from hop leaves: a green opportunity 115
University of Parma
148 Caterina Li Citra Application of innovative, non-thermal technology and edible 117
University of Palermo coating to extend the shelf life of fresh cut fruits
149 Francesco Limongelli Apulian Salicornia: from medicinal plant to innovative 119
University of Bari nutraceutical supplement
150 Rosangela Limongelli Use of meta-omics approaches for characterization of 121
University of Bari microbiota isolated from different ecological niches
151 Eleonora Loffredi Advanced emulsions as bioactive compound carriers for 123
University of Milano functional food design: technological and nutritional aspects
152 Marco Lopriore Development of multiresponse kinetic models for the 125
University of Udine prediction of stability and shelf life of dry foods
153 Fahimeh Masoumi Fruit waste reduction through post-harvest early damage 127
Free University of Bozen-Bolzano detection using 3D imaging methods
154 Sofia Massaro Development of extracts and fermented officinal plants for 129
University of Padova food use endowed with sensory, antimicrobial and
nutraceutical properties
155 Federica Mastrolonardo Insight into in-vitro digestibility of leavened baked goods 131

Free University of Bozen-Bolzano

-13-
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Miniposter PhD Student Title of the contribution Page
location Institution
156 Anna Mengozzi Improvement and optimization of eco-friendly and 133
University of Parma sustainable packaging materials for meat products
157 Cristiana Mignogna Identification of aggregate metabolic phenotypes for dietary 135
University of Parma (poly)phenols and assessment of the factors associated with
their formation: development of an oral (poly)phenol
challenge test (OPCT)
158 Anthea Miller Sensory and technological improvement of hemp seed flour. 137
University of Messina Strategies for food applications
159 Roberta Miolla Production of added-value bakery products by upcycling 139
University of Bari oenological by-products
160 Arnaud Molle Non destructive method for predicting cheese making traits 141
University of Parma
161 Marco Nasso Exploring barriers and enablers for the environmental 143
University of Tuscia sustainability communication “Zero-Waste supply chain”:
insights from the Italian vegetables supply chain trough the
LOWINFOOQOD project
162 Elisabetta Orecchia Sustainable innovation for improving the quality of meat 145
University of Udine products in the era of the Green Deal
163 Anastasia Palatzidi The potential of the cheese microbiome to control cheese 147
Free University of Bozen-Bolzano fermentation and its repercussions for the industry
164 Alessia Pampuri Industry 4.0 in the agri-food sector: innovative sensors and 149
University of Milano smart logistics to support the sustainability of the supply
chain
165 Giovanni Patania Response of plant holobiont to bacterial invasion: a focus on 151
University of Milano plant-growth promoter and antibiotic resistant bacteria
166 Lorenzo Pedroni Computational approaches integrated to biomolecular 153
University of Parma technologies to study foodborne viral infections: virulence
factors and identification of food-grade components with
potential anti-viral activity
167 Stefano Pettinelli Applying and testing of "on site on time" sensors and tools 155
University of Pisa for the sustainability of wine and extra virgin olive oil
processes
168 Ilaria Picco Study of oenological practices for the production of long- 157
University of Udine lived white wines
169 Debora Pinamonti New strategies to face antibiotic resistance in healthcare and 159
University of Udine food sectors
170 Simona Pizzi Grapevine-associated microorganisms as biocontrol agents 161
University of Milano against the proliferation of pathogenic fungi
171 Cesare Ravagli Technological, sensory and nutritional assessment of 163
University of Bologna ecofriendly food lipids
172 Mutasem Razem Antioxidant activity of ancient vs conventional cereals 165
Free University of Bozen-Bolzano
173 Claudia Rorandelli ALTERTASTE: improving food pleasure and intake in 167
University of Firenze oncology patients receiving chemotherapy
174 Alessio Pio Rossetti Influence of grape-born yeasts on wine colour 169

University of Teramo
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Miniposter PhD Student Title of the contribution Page
location Institution
175 Ecaterina Savchina Technologies for reducing saturated fats in food formulations 171
Free University of Bozen-Bolzano
176 Gabriele Serafino Microbial interactions during fermentations in winemaking 173
University of Torino
177 Alessio Sergiacomo Less common grains in bakery industry: product and process 175
University of Milano optimization
178 Syed Mudabbar Hussain Shah  Development of a decision support system (DSS) to predict 177
University of Napoli Federico Il and extend food shelf-life
179 Gvantsa Shanshiashvili Improving the grape pressing for a sustainable wine 179
University of Milano production chain (GrapePress 4.0)
180 Francesco Spataro Untargeted/targeted UHPLC-HRMS approach for quality 181
University of Parma assessment in hazelnuts and finished products of the
confectionery industry
181 Alessandro Stringari Use of sourdough for the recycling of agro-food by-products 183
Free University of Bozen-Bolzano
182 Rajat Suhag Innovative approaches for the valorization of apple by- 185
Free University of Bozen-Bolzano products
183 Adineh Tajmousavilangerudi Development and preclinical testing of a functional beverage 187
Free University of Bozen-Bolzano for boosting the immune system in the elderly
184 Simona Tatasciore Innovative formulation and process approaches for new 189
University of Teramo plant-based ingredients with enhanced techno-
functionalities
185 Francesco Tedesco Use of chitin and its derivatives obtained from sustainable 191
University of Basilicata sources as an alternative to the use of chemical additives in
the food production
186 Chiara Traina Microbiomes in food systems 193
University of Torino
187 Elisabetta Trossolo Encouraging the consumption of alternative protein sources 195
Free University of Bozen-Bolzano through the design of novel fermented foods
188 Sara Vignati Green sensors and smart services for the optimization of agri- 197
University of Milano food supply chains with a view to industry 4.0: greater
sustainability of production, business competitiveness and
reduction of food waste
189 Valentina Vinelli Development of strategies aiming to ameliorate the 199
University of Milano nutritional impact and feasibility of a sustainable plant-based
dietary pattern rich in bioactive compounds
190 Francesca Vurro The flat breads of the Mediterranean area: valorisation and 201
University of Bari innovation
191 Andrea Zava Innovative strategies aimed at improving the sustainability of 203

University of Torino

the oenological process
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2" year PhD Students: Contributions & Poster Communications

Poster  PhD Student Title of the contribution Page
location Institution
201 Lucrezia Angeli Synergistic and antagonistic interactions between food 206
Free University of Bozen-Bolzano antioxidants
202 Umme Asma Effect of different cooking treatments on polyphenols 208
Free University of Bozen-Bolzano content and antioxidant activities of apples grown in South
Tyrol
203 Diletta Bagnoli Cultivation and metagenomics for the assessment of 210
University of Molise microbial biodiversity in grapes and musts from different
viticultural areas of Italy
204 Alessandro Bianchi Effect of the modified atmosphere packaging on the shelf-life 212
University of Pisa of Tuscan DOP Bread
205 Giulia Bisson Microbial exopolysaccharides as postbiotics for the 214
University of Udine development of new functional foods: optimization of yields
206 Carolina Cantele Are phenolipids able to counteract lipid oxidation in oil-in- 216
University of Torino water emulsions?
207 Antonio Francesco Caputi Assessment of bioactive and contaminat compounds in 218
University of Bari underexploited agri-food wastes and new food products
through targeted and non-targeted approaches
208 Beatrice Cellini Biotechnological valorization of residues and by-products 220
University of Bologna from agro-food industries
209 Johnny Ciancetta Physical, and microstructural properties of dairy dessert 222
University of Teramo creams: effect of composition and frozen storage
210 Francesco Ciuffarin Oil structuring for improving healthy and sustainable diets: 224
University of Udine The case study of extra virgin olive oil oleogelation
211 Martina Coletta Soil and legumes of the Sibillini for high quality pasta 226
University of Camerino
212 Irene Maria Grazia Custureri Enrichment of extra virgin olive oil for the development of 228
Universita Mediterranea di functional oil to special consumers
Reggio Calabria
213 Nidhi Dalal Traceability of Mediterranean anchovies with NIR 230
University of Napoli Federico Il spectroscopy
214 Giuditta de Gennaro Olive cake as functional ingredient to improve the quality of 232
University of Bari gluten-free baked goods
215 Maria De Sena Late blowing defect in “Grottone” cheese: detection of 234
University of Napoli Federico Il clostridia and control strategies
216 Fabio D'Elia Study and development of innovative seafood products 236
University of Bologna through the application of emerging process technologies
217 Chiara Demarinis Development of biotechnological protocols for the 238
University of Bari valorization of alternative plant matrices as a strategy for the
sustainability of agri-food systems
218 Rohini Dhenge Modifications of vegetables subjected to conventional, 240
University of Parma innovative and non-thermal technologies
219 Cristina Di Fiore Sample preparation for the qualification and quantification 242

University of Molise

of microplastics in some food matrices
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Poster  PhD Student Title of the contribution Page
location Institution
220 Federica D'Onofrio Stress response analysis of three different Listeria 244
University of Teramo monocytogenes strains: a comparative study
221 Silvia Donzella Sustainable production of bio-based surfactants from diary 246
University of Milano waste using oleaginous yeasts
222 Giulia Elli Development of an electrical sensor to detect micro and 248
Free University of Bozen-Bolzano nanoplastics in environmental and agri-food samples
223 Luigi Esposito Food combinations and its quality as hallmarks for biogenic 250
University of Teramo amines exposure. A study on current people habits in specific
meals and snacking occasions
224 Maria Pia Fabrile New tools for authentication and traceability to assure the 252
University of Parma integrity of food chain
225 Giovanni Fiorile New sensory methods ensuring authenticity and fostering 254
University of Napoli Federico Il Mediterranean fish
226 Antonio Gattuso Application of functional molecules recovered from 256
Universita Mediterranea di bergamot by-products: development and improvement of
Reggio Calabria food systems
227 Elisa Ghitti Role of root-exudated secondary metabolites in beneficial 258
University of Milano interactions between plant and polychlorinated biphenyls-
degrading bacteria
228 Irene Giordano Metabolic attenuation of probiotics: a strategy for functional 260
University of Napoli Federico Il fruit juices development
229 Ilaria Grigoletto Sustainability of technology, quality control and 262
University of Bologna consumption of olive oil
230 Jessica Laika Detoxifying effect of cold atmospheric plasma on pure 264
University of Teramo Alternaria mycotoxins and naturally contaminated sun-dried
tomatoes
231 Qiuyu Lan Metabolomics to investigate the effects of treatments on food 266
University of Bologna and of food consumption on health
232 Francesco Letizia Preliminary chemico-physical evaluation of soymilk 268
University of Molise fermented by Lactiplantibacillus plantarum LP 95
233 Giacomo Mantegazza Ready-to-Eat food as a vehicle of microorganisms in the 270
University of Milano context of the microbial deprivation hypothesis
234 Ida Mercurio Antimicrobial coatings to preserve microbiological quality of 272
University of Molise dried fruits
235 Oscar Moreno-Araiza Legume flours: characterization and food applications 274
University of Camerino
236 Agata Nolasco Characterization and study on the recycling of coffee by- 276
University of Napoli Federico I products for the manufacture of feed and functional food
intended for human use and bioplastics
237 Davide Nucciarelli New technological approaches for improving the quality and 278
University of Perugia shelf life of extra virgin olive oils
238 Michela Pellegrini Lacticaseibacillus casei: a bioprotective culture with 280
University of Udine antioxidant properties?
239 Antonino Pirrone Technological development of new tropical fruit products 282

University of Palermo

and beverages
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Poster  PhD Student Title of the contribution Page
location Institution
240 Michela Quiquero Prolonged leavening to mitigate acrylamide formation in 284
University of Molise Neapolitan pizza
241 Noemi Sofia Rabitti Individual variation in food perception and implication in 286
University of Milano consumer preference of sustainable products
242 Arianna Ressa Novel insights on the functional/nutritional features of the 288
University of Bari foods based on cereals, pseudocereals and legumes
243 Nicolo Salgarella Development of palm olein and high oleic sunflower seed oil- 290
University of Torino based oleogels and their physical characterization
244 Amira Salim Antimicrobial, anti-quorum sensing, and anti-virulence 292
University of Sassari potentials of pomegranate (Punica granatum L.) peel extract
against foodborne pathogenic bacteria
245 Giuseppina Sequino Metagenomics and Big-Data approaches for monitoring food 294
University of Napoli Federico Il quality and safety
246 Lucia Sportiello Optimization of the extraction techniques using Deep 296
University of Basilicata Eutectic Solvents for the recovery of biomolecules from food
industry by-products
247 Marianna Tagliasco The effect of particle sizes and cell wall integrity on the 298
University of Udine cohesiveness and starch digestibility of durum wheat and rye
bread
248 Valeria Tava Fusarium musae, a potential new food safety threat. Can a 300
University of Milano diseased banana be the source of a fungal disease for
humans?
249 Stefano Tonini Advancement and prospects of study of bioactive peptides 302
Free University of Bozen-Bolzano during food fermentation
250 Angelo Topo Evaluation of wine evolution, application of conventional and 304
University of Udine innovative approaches
251 Nicole Tosi Phenolic metabolites after acute and chronic consumption of 306
University of Parma different flavan-3-ol sources
252 Michela Pia Totaro Technological approaches to improve the quality of meat 308
University of Bari products
253 Dimitra Tsoureki Pathogens-seeking along infant food production chain: could 310
University of Torino untargeted approaches go a long way towards targeted
ones?
254 Manyu Wu Identification and characterization of exopolysaccharides- 312

University of Padova

producing Liquorilactobacillus mali T6 52
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34 year PhD Students: Contributions & Oral Communications

Parallel PhD Student Title of the contribution Page
session Institution
S12 Paola Bambina 'H-NMR-based metabolomics to assess the impact of the soil 315
University of Palermo on the chemical composition of Nero d’Avola red wines
S4 Federica Barbieri Characterisation of new bio-protective and functional lactic 320
University of Bologna acid bacteria isolated from spontaneously European
fermented sausages
S11 Federico Basso Hyperbaric storage: an innovative and sustainable 325
University of Udine technology to extend stability and improve functionality of
food
S3 Giacomo Bedini Use of non-destructive analysis techniques for the 330
University of Tuscia technological and chemical-physical characterization of fruit
and vegetables and for monitoring of the drying process
S4 Luca Bettera Nonstarter Lactic Acid Bacteria: origin and characterization 335
University of Parma for a potential targeted use in cheesemaking
S7 Andrea Bresciani Effects of processing on pulses and related products 340
University of Milano
S8 Claudia Cappello A novel functional herbal tea containing probiotic Bacillus 345
Free University of Bozen-Bolzano coagulans GanedenBC*: An in vitro study using the Simulator
of the Human Intestinal Microbial Ecosystem (SHIME)
S10 Flavia Casciano In vitro study of short-term effect on gut microbiota of foods 349
University of Bologna and ingredients for specific consumer categories
S7 Nazarena Cela Optimization of microbrewing process for high quality gluten 354
University of Basilicata free beers production
S2 Alice Costantini Leavened baked goods for improving the functionality 359
Free University of Bozen-Bolzano
S4 Cecilia Crippa Application of Next Generation Sequencing for the 364
University of Bologna characterization of microbial hazard in Italian dairy and meat
food productions realized in small-scale plants
S9 Patricia Dahdah Valorization of olive oil extraction by-products through 369
University of Sassari functional bread making
S8 Margherita D'Alessandro Development and investigation of functional foods conceived 374
University of Bologna for specific categories of consumers and produced with
selected strains isolated from healthy vaginal environment
and human breast milk
S11 Giulia D'Alessio Impact of high dynamic pressure treatments on the 379
University of Teramo physicochemical properties and technological functionality
of pea proteins
S10 Veronica D'Antonio Role of typical foods from Abruzzo region in reducing 384
University of Teramo oxidative, inflammatory and metabolic stress in frail elderly
people and/or affected by degenerative diseases
Bruno Domingues Galli Spotlight on the meta community of the south Tyrolean 389
Free University of Bozen-Bolzano cheese microbiome
S12 Rolla El Harati Utilization of citral as antimicrobial on the mutants of 21278b 394
University of Sassari library of Saccharomyces cerevisiae
S7 Davide Emide The complexity of protein network in foods: insight in the 398

University of Milano

protein structure in cereal products
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Parallel PhD Student Title of the contribution Page
session Institution
S7 Aniello Falciano Processing and innovation in the Neapolitan Pizza 403
University of Napoli Federico I manufacturing
S4 Rossella Filardi Isolation and characterization of new isolates of Akkermansia 408
University of Milano muciniphila with a focus on antibiotic-resistance phenotypic
and genotypic traits
S10 Cinzia Franchini Promotion of nutrition knowledge and sustainability of 413
University of Parma dietary behaviors in different student populations
S5 Valeria Frigerio Shelf-life estimation as a strategic tool for the eco-design of a 418
University of Milano sustainable food packaging
S1 Marilisa Giavalisco Use of Lactiplantibacillus strains and yeasts for the 423
University of Basilicata production of fermented table olives and extra virgin olive oil
S3 Silvio lacovino Flour rheological properties assessed through empirical and 428
University of Molise fundamental methods
S8 Stefan Klettenhammer Innovative techniques to encapsulate food-grade bioactives 433
Free University of Bozen-Bolzano
S3 Anna Luparelli Development of innovative methods for the multiple analysis 438
University of Bari of allergens in processed foods
S12 Francesco Maioli Monitoring and management of chemical and physical wine 443
University of Firenze parameters by using different tank materials into the
winemaking process
S6 Serena Malabusini Bioetholgy of a promising parasitoid associated with fig pests 448
University of Milano
S1 Andela Martinovié The ability of Streptococcus thermophilus ST870 to modulate 453
University of Milano urease activity in healthy subjects’ fecal samples depends on
the biomass production process
S6 Francesca Melini Application of metabolites secreted by plant growth- 458
University of Tuscia promoting bacteria to selected crops and evaluation of
nutritional quality thereof
S3 Luca Menegoz Ursol Optimization of rapid analytical protocols for monitoring the 463
University of Udine contamination with hydrocarbons of petrogenic origin in the
olive oil supply chain
S9 Marco Montemurro Exploitation of unconventional plant matrices and agri-food 468
University of Bari waste through biotechnological processes
S5 Angela Michela Immacolata Development of edible coating functionalized with 473
Montone hydroxyapatite, complexed with bioactive compounds for the
University of Salerno shelf-life extension of food products
S2 Martina Moretton Formulation and processing strategies for obtaining bakery 478
University of Udine products tailored to the elderly’s needs
S5 Mirella Noviello Sustainable approaches to winemaking and wine aging 483
University of Bari
S2 Veronica Oliviero Design and validation of healthy leavened bakery products: 488
University of Napoli Federico I focus on chemical-physical and sensory properties
S11 Mehmet Onur Oral Adding unprecedent economic and social values to the side- 493

Universita di Foggia

and by-products of Mediterranean fruit and vegetables by
reshaping them in novel source of nutrients and tailored food
products mediated by 3D printing technology
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Parallel PhD Student Title of the contribution Page
session Institution
S8 Annalisa Porrelli Functional food and per os microbial delivery system with a 497
University of Bari potential role in the prevention of diseases related to the
human intestinal microbiota
S6 Chiara Purgatorio Alternative antimicrobial strategies for the replacement of 502
University of Teramo traditional preservatives and evaluation of the impact on the
stability and safety of food products
S11 Giulia Romano Optimization of cooking for food service: matching quality 507
University of Udine and nutritional requirements as drivers for the development
of innovative tools
S1 Samantha Rossi Biotechnological approaches to valorise alternative protein 512
University of Bologna source, waste and by-products of food industries
S6 Francesco Salini Heterologous expression of two novel antimicrobial peptides 517
University of Udine and investigation of their dedicated protease
S12 Giulia Scalzini What is the best time to harvest red grapes cv. Nebbiolo 522
University of Torino destined to withering? A three-years study
S2 Oumayma Toumi Use of response surface methodology to investigate the 527
University of Sassari effect of partial substitution of sodium chloride with
Salicornia ramosissima powder in wheat dough and bread
S9 Marica Troilo Grape pomace as an innovative flour for the formulation of 532
University of Bari bakery products: how nutritional, textural, and sensorial
properties were affected?
S10 Massimiliano Tucci Definition and validation of a healthy and sustainable dietary 537
University of Milano pattern, enriched with plant-based foods rich in bioactives
compounds, in the context of the MIND FoodS Hub project
S8 Giovanni Turchetti Identification and characterization of bioactive plant extracts 542
University of Tuscia and evaluation of viable use in the food industry
S5 Marika Valentino Biopolymer active coating to extend the shelf-life of 547
University of Napoli Federico I minimally processed fruits and vegetables
S11 Vincenzo Valentino Validation of microbiome mapping strategies for the food 552
University of Napoli Federico I industry
S7 Fosca Vezzulli Multifactorial traceability and characterization of green and 557
Universita Cattolica del Sacro roasted coffee
Cuore
S12 Sabrina Voce Yeast strain and processing technology affect the 562

University of Udine

composition of yeast autolysates: characterization and
potential effects on wine evolution
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Low-cost non-destructive sensors for monitoring polyphenols, volatile
compounds and quality parameters in grapes, musts and wines

Gianmarco Alfieri (gian.alfieri@unitus.it)
Dept. DIBAF, University of Tuscia, Viterbo, Italy
Tutor: Prof. Andrea Bellincontro

In the context of improving the quality and lowering the costs chemical analyses in the viticulture and oenology
sector, the main goal of this PhD project is to realise a collection of low-cost and non-destructive sensors for
monitoring polyphenols and volatile compounds in grapes, musts and wines. Moreover, the data obtained from
the different non-destructive technologies (i.e., VIS-NIR spectrophotometry, surface acoustic waves (SAW)) will
be handled and shared throughout IoT technologies (clouding) to obtain a shared data library available for different
companies and research institutions.

Sensoristica non distruttiva low cost per il monitoraggio dei polifenoli, composti volatili
e parametri di qualita in uve, mosti e vini.

Nell’ottica del miglioramento del prodotto e dell’abbattimento dei costi dell’analitica per il settore viticolo-
enologico questo progetto di dottorato mira a realizzare diversi sensori non distruttivi e a basso costo per il
monitoraggio dei polifenoli e dei composti volatili in uve, mosti e vini. | dati raccolti dai diversi approcci
sensoristici (dalla spettrofotometria VIS-NIR alle onde acustiche di superfice (SAW)) verranno elaborati e stoccati
utilizzando le moderne tecnologie 10T di connettivita (clouding) con lo scopo di creare una libreria di informazioni
condivisa tra le diverse aziende e enti di ricerca.

1. State-of-the-Art

In wine sector, the quality is easier to detect than define and it has always been at the centre of major discussions.
This is mainly due to quality being primarily subjective, and strongly influenced by different extrinsic factors.
Hence, the chemical composition of wine is determined by numerous factors, such as grape variety and maturity,
environmental condition during the development stage (climate, soil, health status), and vinification technology,
as well as fermentation and ageing conditions. Polyphenols profile can be considered as one of the most interesting
chemical parameters to define the quality of grape, must and wine. From a detailed polyphenols characterization
is possible to identify grape variety, grape ripening stages, grape geographical origin and much more. Moreover,
polyphenols evaluation can be a useful tool to monitor wine evolution during vinification and ageing (Garrido et
al., 2013). For polyphenols monitoring the most commonly used methods are destructive analytics (i.e. Folin-
Ciocalteau method, HPLC-DAD/MS and NMR), which are expensive analytical techniques which requires
expensive instruments, highly specialised personnel and chemical reagents. In recent years, low-cost, non-
destructive analytical methods have been proposed as eco-friendly and cheap alternative to the classical analytical
methods and, among them, one of the most efficient approaches is based on the use of sensors, such as surface
acoustic wave (SAW) sensors. The detection of a substance deposited on a vibrating element (resonator) by means
of acoustic devices dates back to Sauerbrey in 1959. To date, acoustic transducers find application in the production
of a large number of sensors, such as quartz crystal microbalances (QCM), Rayleigh wave sensors, horizontal
surface acoustic wave (SAW) and shear wave sensors, and Love wave sensors. Very recently, Gagliardi et al.,
(2022) by functionalising quartz crystal microbalances (QCM-D) with peptides and proteins were able to
discriminate and quantify different tannin families. The QCM-based approach uses a piezoelectric resonator to
generate bulk acoustic waves (BAW) that propagate within the resonator and their frequency changes when an
event occurs, such as the adsorption of a molecule onto the sensor surface or a chemical reaction involving the
analyte ( Jang et al., 2021). Another non-destructive approach widely tested in the wine industry for determining
the chemical and physical properties of wine is VIS-IR spectroscopy (Cozzolino et al., 2006). Recently, the interest
in non-destructive technology is shifting to the development of low-cost sensors and efficient chemometric
techniques to create predictive models based on indirect sensor measurements (Chandra et al., 2017). For instance,
Pampuri et al. (2021) developed a low-cost spectrophotometer prototype UV-VIS with an LED light source for
monitoring grape ripening parameters, creating fairly robust predictive models (PLS) for berry sugars
measurements and models (to be improved) for polyphenol measurements. For the measurement of volatile
compaunds destructive and expensive techniques such as GC-MS/FID and distillations are routinely used. In recent
years, the use of e-noses and volatile sensors as been largely tested and improved. E-nose is defined as "an
instrument, which comprises an array of electronic chemical sensors with partial specificity and appropriate
pattern-recognition system, capable of recognising simple or complex odours." (Rock et al., 2008). Common
volatile compounds sensors instruments can be based on doped metal oxides (MOX) and MOSFET, conducting
polymers (CP) and optical sensor arrays, quartz microbalance (QMB) and surface acoustic wave SAW sensors
(Rodriguez-Méndez et al., 2016).

-23-



PROCEEDINGS OF THE 26™ WORKSHOP ON THE DEVELOPMENTS IN THE UNIVERSITA DEGLI STUDI DI TORINO
ITALIAN PHD RESEARCH ON FOOD SCIENCE, TECHNOLOGY AND BIOTECHNOLOGY ASTI, 19™-215T SEPTEMBER 2022

In the context of cost reduction, simplification and lower environmental impact, this PhD project aims to test
different low-cost non-destructive approaches (specifically SAW, VIS-NIR spectroscopy and sensors volatile
compaunds) to be applied in the wine sector, mainly focusing on polyphenols and volatile compounds profile.

2. PhD Thesis Objectives and Milestones

The PhD project will be organized into the following activities and according to the Gantt diagram given in

Table 1:

Al) Data acquisition for SAW wave lab-on-chip sensor calibration. Specifically polyphenols-enriched wine
samples will be analysed (A1.1) with classical analytical approach (HPLC-DAD) to quantify polyphenols
content. Quantification will be performed by using specific calibration curve built with polyphenol standards
(Al.2). The same sample will be then mesaured with the Lab-on-a-Chip biosensors to perform tests and
calibrations [Collaboration with UNIPI and CNR-Nano Pisa].

A2) Spectral acquisitions with low-cost prototype spectrophotometers. Wines and grapes samples with a
known chemical composition and polyphenols content will be analysed by using nature 4.0 VIS prototype
(A2.1) and nature 4.0 VIS-NIR prototype (A2.2). [Collaboration with UNIPI]

A3) Measurements with low-cost sensors volatile compounds. The volatile compounds sensors will be tested
for sulphur dioxide and volatile parameters monitoring in wine (A3.1). The wine will be also analysed with
the destructive classical approaches (GC-MS) to compare the aromatic profile with the sensors response
(A3.2). [Collaboration with UNIPI, Group sensori e Microsistemi Roma Tor vergata].

A4) Realisation of multivariate predictive models. The data from the different non-destructive approaches (i.e.
lab-on-chip (A4.1), spectral data (A4.2), volatile sensors measurements (A4.3)) and traditional destructive
analyses will be analysed by using chemometrics approaches with the final goal to built robust predictive
models for polyphenols and volatile parameters discrimination in wine matrices [Collaboration with UNIPI]

A5) Writing and Editing of the PhD thesis, scientific papers and oral and/or poster communications.

Table 1 Gantt diagram for this PhD thesis project.

Activity Months 1/23]4|5[6|7|8]9]10|11|12|13|14|15|16|17{18|19(20|21|22|23|24
Al) |Sensors lab-on-chip SAW

1)HPLC-DAD polyphenols standard
2)HPLC-DAD polyphenols enriched
wines

A2) |VIS-NIR spectrophotometer _

1) Nature 4.0 UV-VIS
2)Nature 4.0 VIS-NIR

A3) |Sensors volatile compounds *
1) Monitoring SO2 e volatile acidity
2) Destructive correlation analyses

A4) |Development of predictive models

1)Lab-on-chip
2) VIS-NIR spectrophotometer

3) Sensors volatile compounds
Ab) |Thesis and Paper Preparation
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Development of a multifunctional cooking appliance: evaluation of food
guality indexes and cooking functions

Giuliana Aliberti (giuliana.aliberti@unimi.it)
Department of Food, Environmental and Nutrition Science (DeFENS), University of Milan, Italy
Tutor: Prof. Ernestina Casiraghi

This PhD research project aimed at contributing to the development of a multifunctional cooking device that
embeds different cooking functions to be optimized versus target foods preparation. The cooking functions that
will be considered, individually and together, in the appliance include air frying, high-temperature pizza oven,
medium-temperature steam cooking and sous vide cooking, besides conventional oven functions. The performance
of the multifunctional appliance will be tested developing, and subsequently applying, methods able to evaluate
target foods attributes and cooking-induced modification, using new instrumental-sensorial (E-sensing
technology) and nutritional approaches. Each cooking function will be optimized and cooking programs will be
implemented on the multifunctional device.

Sviluppo di un apparecchio di cottura multifunzionale: valutazione di indici di qualita
degli alimenti e di programmi di cottura

Questo progetto di ricerca contribuisce allo sviluppo di un dispositivo di cottura multifunzionale che incorpora
diverse funzioni di cottura da ottimizzare rispetto alla preparazione degli alimenti target. Le funzioni di cottura
che verranno considerate, singolarmente e insieme, nell'apparecchio multifunzionale includono la frittura ad aria,
un forno per pizza ad alta temperatura, la cottura a vapore a media temperatura e la cottura sottovuoto, oltre alle
tradizionali funzioni del forno. Le prestazioni dell'apparecchio multifunzionale saranno testate sviluppando, e
successivamente applicando, metodi in grado di valutare le caratteristiche degli alimenti target e le modificazioni
indotte dalla cottura, utilizzando nuovi approcci strumentali-sensoriali (tecnologia E-sensing) e nutrizionali. Ogni
funzione di cottura sara ottimizzata e i programmi di cottura saranno automatizzati.

1. State-of-the-Art

According to the aim of developing a multifunctional cooking system, it’s necessary to study methods suitable for
evaluating each system “cooking function-target food”, using instrumental sensory analysis and nutritional indices
to assess the desired quality for the considered cooking function. The cooking functions that will be implemented
in the multifunctional cooking device are:

1.1 Air frying

Air frying is a technique alternative to deep-frying in oil; it preserves the characteristic taste and texture of deep-
fried foods, avoiding over browning the food, undesirable flavours and odours that unpaired the food sensorial and
nutritional value. Air frying induces food dehydration with hot air in a frying chamber; achieving typically crust
fried food with low fat content. The reduced oil content has a positive impact on the nutritional quality and
eliminates the problem of used oil disposal. Gouyo et al. (2020) have reported that texture is one of the important
quality aspects, and crispy crust is a relevant sensory property and one of the most important consumers’ quality
parameters of fried products.

1.2 Pizza

The crust browning and the cheese melting on top of pizza can be monitored by means of image analysis, as shown
by Sun and Brosnan (2003). Gékmen and Mogol (2010) have examined the potential application of an algorithm,
for potato crisps and cookies, to predict acrylamide concentration. It could be possible to develop a color
segmentation algorithm for the calculation of a browning ratio and cheese melting effect and to correlate it with
acrylamide and 5-hydroxymethylfurfural level.

1.3 Steam

Steam cooking have effects on the nutritional value and tenderness of beef. Gerber et al. (2009) reported significant
differences produced by different cooking methods (grilling, braising and boiling) on the FA composition and
mineral content in beef. However, there is still a shortage of reports concerning mineral contents, tenderness and
eating quality of steam-cooked beef combine with others cooking treatments (i.e. microwaves).

1.4 Sous vide

Sous vide cooking differs from traditional cooking methods in two fundamental ways: the raw food is vacuum-
sealed in heat-stable, food-grade plastic pouches and the food is cooked using precisely controlled heating.
Vacuum-sealing has several benefits: it allows heat to be efficiently transferred from the water (or steam) to the
food; it increases the food’s shelf-life by eliminating the risk of recontamination during storage; it inhibits off-
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flavors from oxidation and prevents evaporative losses of flavor volatiles and moisture during cooking (Church
and Parsons, 2000).

2. PhD Thesis Objectives and Milestones

Consumers are increasingly aware of the relationship among proper nutrition, health and environment protection.
They are more and more avoiding high temperature cooked foods (e.g. fried, roasted or grilled food), which are
highly tasty but potentially harmful to health. Along with the technological development and lifestyle changes, the
consumers want to replace small appliances and maximize space. Besides, they want to cook everything with a
good control and, finally, they want to optimize time. So, the appliance industry is focused on specific cooking
techniques that can answer these consumer demands. In particular, a multifunction cooking system will be
developed. This PhD thesis project is organized into work packages (WP). Each work package investigates and
analyzes a different cooking function:; high temperature (HT), such as air frying and pizza cooking; medium
temperature (MT), like steam cooking; low temperature (LT), such as sous vide. For each function the consumer
expectations need to be translate into food quality attributes, i.e. sensory characteristics instrumentally measurable
and nutritional characteristics. These food attributes need to be identified and measured by reproducible and
discriminant methods. This will be one of the focuses of this PhD project. Another one will be the optimization of
each cooking function by appropriate time-temperature binomial and/or sensor system, based on desired food
quality attributes.

The following Gantt chart (Table 1) shows the activities that will be performed for each work package:

WP1) Study of air frying cooking function;

WP2) Study of pizza cooking function;

WP3) Study of steam cooking function;

WP4) Study of sous vide cooking function.

Meanwhile, writing and editing of the PhD thesis, scientific papers and oral and/or poster communications will
proceed.

Table 1 Gantt diagram for this PhD thesis project.

Activity ———— Months| 1 [ 2[3]4[5]6]7]8]0[10]11]12]13[14]15]16[17]18]19]20[21]22]23]24

WP1 [Air Frying

1) crispness method evaluation

2) physical-chimical analysis

3) sensory analysis

1) recipe development

HT

2) texture method evaluation

3) browning by 1A

4) thermal damage products

1) nutritional indexes evaluation
2) texture and |A methods

1) nutritional indexes evaluation
2) texture and |A methods
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Using consumer science to improve healthy and sustainable eating behavior

Giulia Andreani (giulia.andreani@unipr.it)
Food and Drug Department, University of Parma, Parma, Italy
Tutor: Prof. Giovanni Sogari

This Ph.D. research project is aimed at setting up strategies to promote healthier and more sustainable eating
choices across the population to protect both human health and the environment.

Utilizzare l1a consumer science per promuovere abitudini alimentari salutari e sostenibili

Questo progetto di dottorato mira a studiare ed analizzare strategie che possano supportare i consumatori nel fare
scelte alimentari che siano salutari e sostenibili, per proteggere sia il proprio stato di salute che I’ambiente.

1. State-of-the-Art

Unhealthy diets and lack of physical activity are among the global risks to health leading to many chronic non-
communicable diseases, such as heart disease, diabetes, and cancer. Thus, healthy diets could prevent diseases,
promote health, and prolong life among the population.

At the same time, food choices don’t influence only human well-being but also the planet. Food production is a
major source of greenhouse gas (GHG) emissions, showing the huge impact consumers have on climate change.
Furthermore, animal-based foods produce roughly twice the emissions of plant-based products. Nevertheless,
despite a vegetarian diet greatly reduces an individual’s carbon footprint, switching to less carbon-intensive meats
can have a major impact as well. As a matter of fact, beef's GHG emissions per kilogram are 7.2 times greater than
those of chicken.

As meat, especially red meat, has an impact on both human health and the environment, one possible solution to
tackle both dimensions is the promotion of alternative protein sources and the literature research shows that the
literature on alternative proteins is developing rapidly. In addition, overconsumption of meat and animal-based
products contributes to the preventable suffering and slaughter of approximately 500 to 12,000 animals over the
lifetime of each human.

Therefore, developing interventions to reduce the consumption of meat and animal-based foods could carry
widespread societal benefits. During the last years, many studies have focused on fostering plant-based diets and
reducing the consumption of animal and animal-based products; several interventions have been tested and
consumers’ perceptions of protein alternatives investigated. Among the main focal factors of behavioral change
addressed by interventions, personal, socio-cultural, and external factors are the most frequently investigated.
Geographically, the majority of studies were conducted across North America and Europe, and only a few research
explored cross-national or cross-cultural dimensions. Numerous studies compared the acceptance of alternative
proteins, such as pulses, seaweed, insects, and cultured meat, to that of traditional animal products. Specifically,
healthiness, environmental concerns, taste, convenience, and appearance are the most frequent drivers towards
protein alternatives, while food neophobia and disgust are among the main barriers.

Figure 1. Greenhouse gases’ contribution by food type on average.
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Center for Sustainable Systems, U. of M. | “Carbon F. Factsheet.” | Pub. No. C.-05. (2021). Sustainability Indicators For
Complete Set of Factsheets visit. www.nature.org/greenliving/carboncalculator/

As of now, most studies focused on understanding drivers for acceptance and barriers more than on testing the
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effectiveness of behavioral interventions. Future research is needed to further explore how to best support
consumers in making healthier and more sustainable eating choices and support a transition towards the reduction
of animal and animal-based products.

Thus, this Ph.D. project aims at contributing to the above-presented field by studying and implementing strategies
to promote the reduction of animal and animal-based products. The project foresees a cross-national comparison
between Italy and the US to further evaluate cultural differences and dimensions.

2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above, this PhD project can be subdivided into the following activities

according to the Gantt diagram given in Table 1:

Al) Definition of the strategy: to promote the reduction of animal and animal-based products as a possible
intervention will be tested. Its definition will take place after the Summer Schools and conferences attended
on this topic, allowing a deep discussion with experts in the field. Thus, the target group and the method
selection will be defined.

A2) Pilot phase: A pilot phase will take place to test the approach and explore its possible limitations.

A3) Data collection in the US: data will be collected in the US.

A4) Data collection in Italy: data will be collected in Italy.

Ab) Data analysis and dissemination: after the data are collected in both countries, the analysis will take place
and a cross-national evaluation will be performed. Throughout this phase, dissemination activities are
foreseen to share preliminary results and discuss them with experts.

A6) Writing and Editing of the PhD thesis, scientific papers, and oral and/or poster communications.

Table 1. Gantt diagram for this PhD project.

Activity Months
Al) |Definition of the strategy
A2) |Pilot phase
A3) |Data collection US
A4) |Data collection Italy
A5) |Data analysis and
dissemination
1) Data analysis
2) Dissemination
AB6) |Writing and Editing
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Sustainable approach to obtain innovative fresh cheeses by increasing shelf-
life and nutritional features

Claudia Antonino (claudia.antonino@uniba.it)
Department of Soil, Plant and Food Science (DISSPA), University of Bari Aldo Moro, Bari, Italy
Tutor: Prof. Michele Faccia; Co-Tutor: Dott.ssa Graziana Difonzo

The research activity of this PhD project aims to evaluate the effect of the addition of functional molecules,
obtained by upcycling agri-food by-products, in the production of innovative fresh cheeses, thus using a
sustainable approach. The influence of the added molecules on the nutritional, sensory, textural, and shelf-life
characteristics of the obtained products will be evaluated. Moreover, the research project will focus on the
possibility of reusing UHT milk close to expiry in the cheese-like formulation, thus limiting food losses.

Approccio sostenibile per ottenere formaggi freschi innovativi aumentando la shelf-life e
le caratteristiche nutrizionali

L’attivita di ricerca del presente progetto di dottorato si propone di valutare I’effetto dell’aggiunta di molecole
funzionali recuperate da sottoprodotti agro-alimentari, nella produzione di formaggi freschi innovativi, utilizzando
un approccio sostenibile. Sara valutata I'influenza delle molecole aggiunte sulle caratteristiche sensoriali,
nutrizionali, strutturali nonché sulla shelf-life dei prodotti ottenuti. Inoltre, il progetto di ricerca vertera sulla
possibilita di reimpiego di latte UHT prossimo alla scadenza nella formulazione di simil-formaggi, limitando cosi
gli sprechi alimentari.

1. State-of-the-Art

Sustainable food production means shared responsibility for the production, supply, and consumption of safe and
nutritious food. Global food production systems must change their actions to minimize their environmental impact
and allow the world to produce food in the future. Furthermore, this would lead to an improvement in the quality
of life now and in the future (Anastasiadis et al., 2021). One of the strategies for a sustainable approach is the
reformulation of foods to extend their shelf-life and ameliorate the nutritional aspect using food waste and by-
products (Iriondo-DeHond et al., 2018).

The reuse of by-products is known in the literature, both for the extraction of bioactive compounds, of which they
are often rich and for the possibility of giving them economic value (Campos et al., 2020). In the context of the
dairy sector, there is a strong interest in extending the shelf-life of fresh cheeses to allow them to be marketed in
wider markets and a longer time to use, without forgetting the possibility of obtaining nutritional benefits from the
new foods (Zappia et al., 2020). For the production of fresh cheeses, extracts rich in polyphenols obtained from
vegetation waters and solid residues generated by the transformation of olives into oil were used. These bioactive
compounds allowed increasing the shelf-life of the product thanks to their antioxidant activity (Roila et al., 2019).
The technological and nutritional potential of pomegranate and grape skins also allowed their incorporation in the
formulation of different cheeses. Their addition determined an antimicrobial activity and a slowing down of lipid
oxidation, which was positively reflected in the shelf-life of the product (Friihbauerova et al., 2021; Mahajan et
al., 2015). Other by-products such as pomace and grape seeds, artichokes, broccoli stems and leaves (Lucera et
al., 2018), mango skin and kernels (Posseti et al., 2020) and wheat germ (Cetinkaya et al., 2020) are rich in
numerous bioactive compounds like polyphenols, fatty acids, and fibers. These molecules have a positive effect
on human health, such as a greater supply of essential nutrients and the prebiotic effect that promotes the proper
functioning of the intestinal microbiota. The addition of agri-food by-products in cheeses also showed a positive
effect on composition, texture, and sensory characteristics. These advantages encourage and justify the interest in
their application in the dairy sector.

Another approach to limit food losses is reusing raw materials of animal origin. It is possible to use UHT milk
near the deadline for the recovery of the functional molecules, like casein, present in it. These compounds could
be used for the production of new cheese formulations, improving their nutritional and technological
characteristics.

Based on these considerations, the main objective of this research project is to produce innovative fresh cheeses
with increased nutritional characteristics, shelf-life, and sustainability by upcycling agri-food chain by-products
and by reducing food loss. To this aim, minor milk, less involved in cheese making (such as goat) will be used,
thus exploiting the nutritional and technological properties they provide.
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2. PhD Thesis Objectives and Milestones

Taking into account the objectives mentioned above, the activities of this doctoral thesis project can be divided

according to the Gantt diagram (Table 1).

AQ) Bibliographic search

Al) Production of spreadable cheeses based on minor milk with the addition of functional molecules
extracted from waste/by-products

Al.1) Extraction of functional molecules like xylooligosaccharides from vine shoots, polyphenols from the
vegetable agri-food chain, and related chemical characterization.

Al.2) Development of the technology for the production of goat milk-based spreadable cheeses added of functional
molecules and subjected to different heat treatments and fermentation parameters. The product will be
characterized by nutritional, textural, rheological, and sensory characteristics.

A2) Study the shelf-life of dairy products by adding vegetable extracts to the preserving liquid

A2.1) Addition of different concentrations of extract in preserving liquid of various dairy products.

AZ2.2) Characterization of the preserving liquid and the related dairy product. Analyses will be carried out to assay
the quality of the dairy product and the shelf-life by analyzing composition, microbiological parameters,
color, texture, volatile compounds, and sensory profile.

A3) Production of cheese-like products reducing food loss (use of UHT milk close to expiry)

A3.1) Development of an extraction method from UHT milk that selectively extracts the casein molecules.

A3.2) Production tests of casein-based cheeses with the possibility of mixing with agri-food by-products to obtain
a functional product. Various formulations will be tested. Characterization of the product and possible
improvements regarding the sensory and texture features.

A4) Data processing, writing, and editing of the scientific papers and the PhD thesis

Table 1. Gantt diagram for this PhD thesis project.

Activity  ————_ Months

A0) |Bibliographic search

Al) |Spreadable functional cheeses

1) Study of functional molecules
2) Cheesemaking and
characterization
A2) | Study of dairy product shelf-life R
1) Extract application in dairy
product

2) Dairy products characterization
A3) |Cheese-like reducing food loss
1) Tests of casein extraction

2) Production of casein-based
cheeses

A4) [Thesis and paper preparation
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Inclusion of fresh forage in lactating ruminant diet. Evaluation of
sustainability and effect on the chemical and sensory properties of milk and
dairy products

Andrea Balivo (andrea.balivo@unina.it)
Dept. Agricultural Sciences, University of Naples Federico I, Portici (NA), Italy
Tutor: Prof. Alessandro Genovese

This PhD thesis research project aims to evaluate the chemical and sensory properties of milk and dairy products
derived from lactating ruminants fed with fresh fodder-based diets to improve nutritional quality. The
investigations will be carried out on both small and large ruminants to find the most appropriate dietary strategy
in relation to environmental and economic efficiency.

Inclusione di foraggio fresco nella dieta dei ruminanti da latte. Valutazione della
sostenibilita e dell'effetto sulle proprieta chimiche e sensoriali di latte e prodotti caseari

Questo progetto di tesi di dottorato si propone di valutare le proprieta chimiche e sensoriali del latte e dei prodotti
caseari derivati da ruminanti in lattazione alimentati con diete a base di foraggi freschi per migliorare la qualita
nutrizionale. Le indagini saranno effettuate sia su piccoli che grandi ruminanti per trovare la strategia dietetica piu
appropriata in relazione all'efficienza ambientale ed economica.

1. State-of-the-Art

The dairy-based food market is broadly segmented and continues to differentiate according to new consumer
needs. For reasons related to human health and environmental sustainability, dairy products made with milk
obtained from pasture-fed ruminants are gaining interest among consumers. Although several factors affect the
composition of milk, it is widely documented in scientific literature that the nutritional and sensory properties of
milk and dairy products are closely related to animal feeding (Cabiddu et al., 2019). Through appropriate dietary
management regimes which include the supply of fresh fodder to replace the conserved ones, it is possible to
naturally emphasize important healthy components in milk, and hence in milk products, such as omega-3
polyunsaturated fatty acids (improving the omega 6 / omega 3 ratio), vaccenic acid, conjugated linoleic acids
(CLA), carotenoids, phenolic compounds, other antioxidant compounds, etc. (Table 1). The phenological stage
and the type of forage crops also contribute to influencing the chemical and sensory composition of milk. The
different chemical composition of milk affects the flavour and some physical properties of dairy-based products
(Cabiddu et al., 2019; Sant’Ana et al., 2019). These chemical and sensory differences could allow a traceability
and control of the authentic quality of dairy products (Cabiddu et al., 2019). By electronic nose analysis, Falchero
et al. (2009) quickly discriminated the milk from cows that grazed two different Alpine vegetation types.

Table 1 Variation of the chemical and sensory properties of dairy products from animals fed with fresh forages

Feeding system Sample Main results References
Native pasture-fed in Goat's milk and Higher MUFA, PUFA and trans-FAs content and Sant’Ana et
replacement of confinement cheese lower medium chain FAs. exclusive identification al. (2019)
diet with conserved forage of a-terpineol and B-caryophyllene. Higher

herbaceous flavour intensity and lower butter
flavour intensity

Replacement of silage forage  Buffalo milk and Lower level of butanoic acid, 2,3-pentanedione and  Sacchi et al.
with fresh one mozzarella cheese  propyl acetate; Higher content of alcohols and (2020)
esters (sweet and fruity notes)
CLA: Conjugated linoleic acids; FA: Fatty acid; MUFA: Monounsaturated FAs; PUFA: Polyunsaturated FAs.

In Italy, forage maize crop is the main forage crop used in intensive dairy farming. However, such a forage system
is highly demanding for water and non-renewable sources. The economic convenience of forage maize production
is also decreasing due to the increasing costs of the production inputs and price volatility on international markets
(Tabacco et al., 2018). Optimising livestock husbandry and feeding techniques can help meet animal welfare and
environmental sustainability requirements. Grazing ruminants can express their natural behaviours, and it is an
efficient system that has low competition for the direct production of human-edible crops (Knaus, 2016). Proper
pasture management contributes to the maintenance of plant and animal biodiversity, especially in the breeding of
local small ruminants. However, due to some constraints related to the availability of space, climatic conditions or
the need for a high production yield, an extensive system is not always feasible or not practicable all year round.
Some new technologies could help integrate fresh fodder into farms where grazing is inaccessible. In a such
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context, a role may be played by hydroponically cultivated forages. Hydroponics is a soilless cultivation technique
used in place of traditional agricultural systems, especially in areas characterised by large fluctuations of rainfall
and temperature, and restricted water and arable land availability (Agius et al., 2019). Automated hydroponic
forage systems can produce large quantity of green fodder of constant quality, in any place and season and in a
short time, to be fed daily to livestock. Hydroponic forage could be a valid alternative in intensive dairy farming
of large ruminants, like buffalo breeding in Campania.

2. PhD Thesis Objectives and Milestones

The PhD research project includes two experimental plans.

Noble goat’s milk and cheese

Milk and cheese samples will be collected in the "I Moresani" farm located in Casal Velino (SA). Twenty
pluriparous Saanen goats, homogeneous for age, body weight, parity and milk yield will be divided in two groups.
Control group will be fed hay ad libitum and concentrate (400 g/head/day) composed by corn meal, barley, faba
bean and peas bean. Pasture group will be fed on permanent pasture with the supplementation of concentrate in
the same quantity of Control group, according to the disciplinary of the Noble Method.

Buffalo milk and mozzarella cheese

Milk and mozzarella cheese samples will be collected in the "Cerase" farm and “La Baronia” dairy factory located
in Pontelatone (CE). Fifteen lactating buffaloes, homogeneous for calving order, days of lactation, body condition
score, and milk yield will be divided in two groups. The Control group will be fed a diet based on the maize silage
produced on the farm which, in the Experimental group, will be replaced by 50% (trial 1) and 100% (trial 2)
hydroponic forage. The diets will be isonitrogenous and isoenergetic and will meet the buffalos' needs.

The research objectives will be achieved by carrying out the following analyses for both experimental plans

according to the Gantt diagram given in Table 1:

Al) Authenticity control by electronic nose on milk samples.

A2) Sensory profile by descriptive sensory profile (QDA test) and discrimination test (triangle test).

A3) Chemical and nutritional profiles phenolic compounds by Folin-Ciocélteu and HPLC-DAD (A3.1),
antioxidant activity by ABTS method (A3.2), fatty acids by GC (A3.3), VOCs by SPME-GC/MS (A3.4).

A4) Energy and economic efficiency by evaluation of costs and profitability indicators, dependence on non-
renewable energy sources and energy efficiency indices.

Ab5) Writing and Editing of the PhD thesis, scientific papers and oral and/or poster communications.

Table 1 Gantt diagram for this PhD thesis project.

Activity onths [1]2[3]4]5]6][7][8]9]10[11][12[13[14]15]16]17]18]19]20]21[22][23] 24
Al) |Authenticity control
A2) |Sensory Profile
A3) |Chemical and nutritional profiles
1) Phenolic compounds
2) Antioxidant activity
3) Fatty acids
4) Volatile organic compounds
A4) |[Energy and economic efficiency
Ab5) [Thesis and Paper Preparation
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Use of deep learning in combination with FT-NIR spectroscopy for the
analysis of extra virgin olive oil

Andrea Bandiera (andrea.bandiera@unitus.it)
Dept. DIBAF, University of Tuscia, Italy
Tutor: Prof. Roberto Moscetti

The aim of the present thesis is to use Fourier Transform near-infrared spectroscopy (FT-NIR) in combination
with deep learning algorithms to develop predictive models for i) determining the chemical composition of extra
virgin olive oil (EVOO) and ii) identifying its possible adulteration.

Fattibilita di impiego dell’apprendimento profondo in combinazione alla spettroscopia
FT-NIR per ’analisi dell’olio extra vergine di oliva

La presente tesi ha lo scopo di utilizzare la spettroscopia nel vicino infrarosso in trasformata di Fourier (FT-NIR)
in abbinamento ad algoritmi di apprendimento profondo (deep learning) per sviluppare modelli predittivi per i)
determinare la composizione chimica dell’olio extravergine di oliva (EVOO) e ii) identificarne possibili
adulterazioni.

1. State-of-the-Art

The importance of extra virgin olive oil (EVOO) in the globalised market is increasing economically and
qualitatively. Quality aspects depend on environmental, agronomic, genetic and technological factors. Traditional
laboratory analyses, also named wet chemistry, are widely used to assess olive oil quality. However, the
methodologies used are characterised by complex procedures that require specific laboratory knowledge and do
not allow timely answers. Such analyses can be also expensive and not eco-friendly because they produce
laboratory waste that has a significant environmental impact.

Nowadays, new analytical techniques have also been employed to substitute traditional assays for olive oil. Among
these, NIR spectroscopy is interesting because it is a quick and easy to use, economically accessible, non-
destructive and multi-analytical technique, as multiple constituents can be determined from a single measurement
(Massantini et al., 1997). The possibility for simple and timely determination of chemical composition and sensory
characteristics of olive oil is the basis for product optimisation efforts. NIR spectroscopy combined with
chemometrics is successfully used to assess the EVOO quality in terms of free acidity, peroxide number, UV
spectrophotometric indices and oxidative stability, as well as chemical constituents (e.g., phenols, tocopherols,
volatile compounds) (Stella E. et al., 2015). In addition, NIR spectroscopy can be used to identify any possible
adulteration (Wojcicki et al., 2014), as well as to verify the genuineness and origin of the product.

Difficulty in using the NIR spectroscopy occurs prior to the end-user use and basically involves the researcher
deputed to the computation of spectral data and the development of the mathematical models used to predict the
analyte from the spectral profile of the product. The researcher must have specific knowledge of chemometrics
and quantum mechanics to perform feature engineering (i.e., extract information from raw spectral data) and
achieve high-performance prediction models. Consequently, NIR-based model development is subject to the
empirical choices of the researcher with related subjectivity issues in processing of complex spectral data
(Acquarelli et al., 2017), with the risk to affect the robustness and resilience of the predictive models.

Research in the field of NIR spectroscopy currently undergoes a paradigm change from classical chemometrics to
deep chemometrics, which is based on the use of deep neural networks (DNNs), with the goal of assigning the
feature engineering task to artificial intelligence. Preliminary studies demonstrate the efficiency of DNNs for
classification and regression on spectral data (Nallan Chakravartula et al., 2022), with comparable, or even better,
performance than predictive models developed using classical chemometrics. In fact, there are not studies on the
use of DNNs in analysis of EVOO quality through NIR spectroscopy. Only few studies have been conducted to
quantitatively identify vegetable oils (Wu X. et al., 2022).

The project aims to develop accurate and precise prediction models for the quality assessment of EVOOs by
combining the use of Fourier-Transform NIR spectroscopy with deep learning algorithms.

2. PhD Thesis Objectives, milestones and deliverables

In order to achieve the objectives of the dissertation project, programmed activities will be carried out according

to the GANTT diagram shown in Table 1.

Al) Development of the research strategy (Al). Acquisition of knowledge and skills for the project development
through the following tasks: Al.1 - the study of the state of the art in the use of NIR spectroscopy for the
qualitative-quantitative analysis of EVOOs (Q1-Q3); Al.2 - selection and testing of classical analytical
methods for quali-quantitative assessments in EVOOSs (Q4); and A1.3 - selection and testing of deep learning
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algorithms to be combined with NIR spectral analysis of EVOOs (Q4). Milestones: M1, the current
knowledge for the development of DNN models for the analysis of EVOOs through NIRS is acquired.

A2) Chemical-profile and shelf-life prediction models (A2). The activity consists in the development of FT-
NIR-based DNN models for the assessment of the chemical profile and shelf-life of EVOOQs: A2.1 - shelf-
life tests on EVOOs at controlled storage conditions (Q5-Q8); A2.2 - FT-NIR spectral scan and chemical
analysis of EVOO samples (Q5-Q8); A2.3 - data acquired during the Q5-Q7 period are used to calibrate
models using both classical and deep chemometrics; A2.4 — predictive models are validated using the external
dataset acquired during the Q8 period, and models are evaluated for their performances. Milestones: M2,
chemical-profile and shelf-life prediction models are calibrated. Deliverables: D1, validated chemical-profile
and shelf-life prediction models based on DNN algorithms.

A3) Adulteration identification models (A3). The activity is focused on the development of FT-NIR-based DNN
models for the identification of adulteration in EVOOs: A4.1 — adulterated EVOO samples are prepared and
scanned using FT-NIR spectroscopy (Q9-Q12); A4.2 — calibration of both classical and deep chemometrics
models using data acquired during the Q9-Q11 period; A4.3 - models are validated with new oil blends (i.e.,
a real external dataset) and evaluated for their performances (Q11-Q12). Milestones: M3, adulteration
identification models are calibrated. Deliverables: D2, validated adulteration identification models based on
DNN algorithms.

A4) Exploitation and dissemination (A4). The resulting activities will be used to take part to conferences, fairs,
workshops and similar events (A4.1; Q3-Q12), to supervise master's theses and submit scientific articles
(A4.2; Q3-Q12) and to finalise the PhD thesis (A4.3; Q9-Q12). Deliverables: D3, attendance to the
workshops, conferences, etc. is achieved; D4, student theses are supervised, and scientific papers are
published; D5, the PhD thesis is finalized.

Table 1 GANTT diagram for the PhD thesis project.

Activity Ql]1Q2(Q3|Q4]|Q5(Q6|Q7|Q8|[Q9|Q10{Q11|Q12
Al| Development of the research strategy
1. State of the art of EVOO quality assays
2. Selection and test of analytical methods
3. Test of deep chemometrics methods
A2| Chemical-profile and shelf-life pred. models
1. Shelf-life tests of selected EVOOs
2. Spectral and chemical data acquisition
3. Calibration of deep chemometrics models M2
4. Validation of models and performance tests D1
A3| Adulteration identification models
1. Sample adulteration and FT-NIR scans

2. Calibration of deep chemometrics models M3

3. Validation of models and performance tests D2
A4| Exploitation and dissemination of results

1. Conference, workshops, fairs, etc. D3

2. Student theses and scientific articles D4

3. PhD thesis development D5

M, milestones; D, deliverables; Q, quarter
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Insights on the mechanisms underlying the colour expression and stability
of Italian rosé wines
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Department of Agro-Food Sciences and Technologies, Alma Mater Studiorum - University of Bologna
Tutor: Fabio Chinnici; Co-tutor: Antonio Castro Marin

This PhD project aims to investigate the mechanisms of formation, evolution and stabilisation of colour in rosé
wines. It also aims to evaluate the effectiveness of different winery strategies, able to allow the management of
this component of the quality of wines produced and its maintenance during shelf-life.

Studio sui meccanismi alla base dell’espressione cromatica e della stabilita del colore dei
vini rosati italiani

Questo progetto di dottorato mira ad indagare i meccanismi di formazione, evoluzione e stabilizzazione del colore
nei vini rosati. Si intende inoltre valutare I’efficacia di diverse strategie di cantina, in grado di consentire la gestione
di questa componente della qualita dei vini prodotti e il suo mantenimento durante la shelf-life.

1. State of the art

Over the last decade, the consumption of rosé wines in the world has seen steadily growing statistics. In the 2018
campaign (latest available data), the total volume marketed was 25.6 million hectolitres (+31% compared to 2002),
with France (28% of the total), the USA (17%) and Spain (15%) leading the sector (Roseé Wine World, 2020).
Italian rosé wines represent 10% of world production with excellent export performance (+13%) and average
export prices in constant growth (+35% since 2008). Italian rosé is therefore popular abroad but is struggling to
find space in Italy. Producers could seize the opportunity offered by the positive trend in international preferences,
improving communication and attractiveness of rosé wine on the domestic market. Colour is one of the main visual
features of wines and plays a key role in defining the perceived quality of the product. Probably even more than
for white and red wines, the colour of rosé wines is a strong quality factor since it can influence purchasing choices.
The phenolic class of anthocyanins and the pigments coming from them are primarily responsible for the colour
of red and rosé wines. Pigments are localised in the epidermal cells of red grapes and are extracted during the short
maceration phases implemented for rosé wines (He et al., 2012). During storage, however, anthocyanins undergo
a variety of reactions and condensations, often linked to oxidoreductive kinetics, leading to the formation of
anthocyanin derivatives (the latter crucial for colour stability) (Hernandez et al., 2011). The types of reactions
involved include self-association and co-pigmentation (for young wines), condensation with catechins and
procyanidins to form polymer molecules or, finally, the formation of new pigments such as pyranoanthocyanins
and their polymers (typical of developed wines) (He et al., 2012). The colour and stability of these derivatives vary
from compound to compound but in general, it is a common opinion that condensation products between
anthocyanins and flavan-3-ols, mediated or not by the presence of acetaldehyde, are the most suitable for
stabilising the colour of wines (Hernandez et al., 2011). The compositional specificity of rosé wines allows that
the expression and stability of colour strongly depend on 1) the grape variety, 1) the number of anthocyanins
extracted during short macerations, I11) the molar ratio between anthocyanins and tannins (extracted from the berry
or added during vinification), 1V) the oxidation-reduction state of the wine and V) the extent of the reactions
involving these latter classes of compounds during fermentation and ageing (He et al., 2012). Excessive amounts
of anthocyanins can lead to drastic colour losses as a result of oxidation. Indeed, in rosé wines, the oxidation of
flavanols (catechins and procyanidins) triggers the phenomenon of non-enzymatic browning (Li, Guo, & Wang,
2008). An excess of polyphenols can also negatively affect the aroma of wines due to the possible formation of
quinones that can irreversibly react with varietal aromas such as thiols, giving rise to aromatic losses (Gil et al,
2019).
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2. PhD Thesis Objectives and Milestones

The PhD project can be divided into the following activities, visible also in the Gantt diagram shown in Table 1:

Al) Bibliographic research on the different distinct and established analytical methodologies for the
determination of colour, anthocyanins and tannins in rosé wines.

A2) Evaluation of analytical techniques for colour and tannins that are easy to apply in the production
environment, based on spectrophotometric determinations, including: a) acquisition of UV/Vis spectra in
absorbance and reflectance; b) vanillin-reactive phenols; ¢) p-DAC-reactive phenols; d) gelatine-reactive tannin
index (astringent power); e) Bate-Smith method; f) methylcellulose method

A3) Anthocyanins and tannins interactions in a model matrix to model the phenomena under study; it is
important to work under laboratory conditions, using synthetic matrices or white and red musts that have been
previously characterised and subsequently tested at different combinations to vary the ratio of pigments, tannins
and phenolic acids.

A4) Development of a colour and tannic profile map through the execution of an analytical-sensorial screening
of Italian rosé wines, bought on the market and coming from national territories historically vocated to these
products (Bardolino, Valtenesi, Abruzzo, Apulia), but also emerging districts (Tuscany, Sicily) or dedicated to
sparkling rosé wines (Lambrusco base in Emilia, Pinot noir base in Franciacorta or Trento).

ADb) Evaluation of the influence of maceration time and the presence of oenological tannins of different origins
on the evolution of colour over time (spectrophotometry, CIELab profile) and on the phenolic (HPLC-DAD-TOF)
and volatile (GC-MS) component of laboratory vinified rosé wines.

AB) Meso-scale vinification in at least one of the two vintages following the first year, to study two different
oenological techniques applied to rosé wines: sparkling and macro/micro-oxygenation.

AT) Writing and publication of PhD thesis, posters, scientific articles and oral presentations.

Table 1 - Gantt diagram for this PhD thesis project.

Activities Month
Al) |Bibliographic research
A2)  |Fvaluation of analytical techniques for colour and tannicity
A3)  |Anthocyanin and tannin interaction in & model matrix

A4)  |Development of a colour and tannin profile map

AS)  |Fvaluation of the influence of maceration time and presence of tannins|
1) colour, phenol, volatile analysis of wines

2) Study shelf-life/evolution of the above parameters

A6)  |Finification on a meso scale

1) sparkling wine and macro/micro-oxygenation study
2) colour, phenol and volatile analysis of wines and their evolution
AT)  |Publications - communications and final thesis writing
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Novel plant protein sources for the beverage sector: technological
functionality, nutritional properties, sensory characteristics, and consumer
acceptability
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This Ph.D. research, supported by PON Ricerca e Innovazione 2014-2020 (DM1061/2021) and Lavazza S.p.A,
aims at identifying unconventional plant proteins suitable for the beverage sector by filling the knowledge gap
about their technological, nutritional and sensory performance. More specifically, the main objectives are: (i) to
set up a database about plant protein sources; (ii) to develop novel technological strategies for the production of
protein-rich plant ingredients with improved technological, nutritional and sensory properties; (iii) to develop
novel protein-rich plant beverages.

Nuove fonti proteiche vegetali per il settore delle bevande: funzionalita tecnologiche,
proprieta nutrizionali, caratteristiche sensoriali ed accettabilita del consumatore

Questo percorso di dottorato, finanziato da PON Ricerca ¢ Innovazione 2014-2020 (DM1061/2021) e Lavazza
S.p.A, ha come obiettivo quello di identificare proteine vegetali non convenzionali da impiegare nel settore delle
bevande, colmando I’attuale carenza di informazioni relative alle loro proprieta tecnologiche, nutrizionali e
sensoriali. Piu specificamente, gli obiettivi principali sono (i) sviluppare un database delle fonti vegetali per
I’ottenimento di proteine, (ii) sviluppare nuovi processi tecnologici per la produzione di ingredienti vegetali ricchi
di proteine con migliorate proprieta tecnologiche, nutrizionali e sensoriali; (iii) sviluppare bevande vegetali ricche
di proteine.

1. State-of-the-art

In the context of a constantly growing beverage sector, there has been a surge in the consumer demand for novel
products. Such an increase is due to the typical advantages of beverages, being easy to use/easy to be
consumed/easy to be digested, which make them suitable to all consumer categories. The growing interest in health
and wellbeing is heralding the expansion of functional beverages. Among these, protein beverages are predicted
to emerge as the fastest-growing subsector (Jiménez-Munoz et al., 2021; Penha et al., 2021). Based on amino acids
composition, digestibility, and bioavailability, dairy proteins are considered optimal ingredients for the preparation
of protein-rich beverages. Nevertheless, they present some major issues related to negative environmental impacts,
enhanced risk of developing cancer and cardiovascular diseases and possible consumer aversion due to ethical
issues (e.g., vegan philosophy) (Kumar et al., 2021).

Plant proteins present much lower environmental and social criticisms than dairy ones. They can be isolated from
several plant matrices as well as from by-products and waste (e.g., soy okara, potato juice) of plant processes, with
the additional advantage of increasing the circularity of food production (Fasolin et al., 2019; Prandi et al., 2019).
However, the extensive use of these ingredients is hindered by the impaired techno-functional properties and
unpleasant sensory attributes, besides the poor essential amino acids profile and lower digestibility/bioavailability
(Kumar et al., 2022). Although thermal-assisted protein extraction is able to enhance the techno-functional
properties of the ingredients, it might reduce protein’s nutritional and sensory profile (Kumar et al., 2021,2022).
Further advantages could derive from applying innovative non-thermal treatments, such as those based on high
pressure, electric fields and mechanic waves (Akharume et al., 2021).

In addition, the preparation of dried ingredients integrally retaining the original plant materials dry matter could
represent an alternative technological strategy to the preparation of protein concentrates and isolates. The latter
are often associated with low production yields and not negligible plant residues, negatively contributing to the
environmental impact (Mondor & Hernandez-Alvarez, 2022). The integral use of the plant materials could not
only reduce the impact of traditional extraction steps, but also avoid the loss of valuable nutritional plant
components (e.g., dietary fiber and phenolic compounds).

Based on these considerations, the aim of this Ph.D. project is to develop novel protein-rich plant ingredients for
the beverage sector.

To this aim, the research activity will be organized as follows (Fig.1):

Activity 1. Development of a database of literature data about possible plant protein sources and their
characteristics. The database will comprehensively organize data relevant to protein content, nutritional
characteristics, technological and sensory properties, and consumer/market/regulatory aspects of plant sources
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having different TRL from laboratory level to availability on the market. To this aim, cereals, pulses, oilseeds and
their by-products will be considered as possible protein sources.

Activity 2. Selection of the most interesting plant protein sources based on clustering of the different sources
reported in the database (Activity 1) according to the analysis of their pros and cons.

Activity 3. Development of protein-rich plant ingredients by integral use of the plant materials. To this aim,
different size-reduction operations (dry and wet grinding, ultrasounds, high-pressure homogenization), assisting
technologies (pulsed electric fields, ultrasounds) and drying procedures (air, freeze and supercritical drying) will
be investigated. Optimal processing parameters will be selected based on protein content, technological,
nutritional, sensory properties, and economic/environmental sustainability of the obtained protein-rich plant
ingredients.

Activity 4. Optimization of extraction techniques (wet and dry extraction), with or without the assistance of pulsed
electric fields and ultrasounds, when the integral use of the plant source will be not feasible. This could be the case
of plant sources providing low protein content of the ingredients obtained in activity 2 or having non-adequate
hygienic properties (e.g., by-products and waste materials).

Activity 5. Beverage prototyping, including formulation, production process, and packaging to allow product
quality, safety and stability as well as easy use by target consumers. The beverage aminoacid profile will be
optimized by studying the combination of different protein-rich plant ingredients. Beverages will be finally tested
for consumer acceptability. Activity 4 will be performed within a 6-month secondment at Lavazza S.p.A.

The first year of my Ph.D. course has been devoted to the development of a database collecting literature data
about the extraction yields, processing parameters, technological properties, nutritional value, sensory properties,
novel food status, EFSA opinion, allergenicity, market availability and cost of 73 plant protein sources from all
over the World (Activity 1). Based on this data set, some pulses sources have been selected and processed
according to Activity 2. Ingredients obtained by grinding and supercritical CO2 drying of soy okara and pea by-
products resulted particularly interesting since colorless and free of the typical off-flavors of the original plant
matrix.

Figure 1. Timeline of expected activities

Time of different activities (months)
12 14 16 18 20 22 24 26 28 30 32 34 36

Activity 3) Development of plantingredients | NN
Activity 4) Optimization of extraction techniques I
Activity 5) Beverage prototyping ]
Mobility period
Secondment at Lavazza

Literature review, paper writing and thesis development | IEEEEE
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Beer is one of the most consumed alcoholic beverages in the world. The brewing industry, as well as the whole
agri-food chain, is responsible for the production of a high number of several by-products (spent grain, spent hop,
and spent yeast). In a broad context, this PhD thesis research project is aimed to implement sustainability,
resilience, and circularity strategies within the brewing chain, through biorefining and valorization of the brewery
by-products. In particular, this project will focus on the reuse and valorization of brewer’s spent grain, the main
by-product of the brewing industry.

Sviluppo di strategie sostenibili e innovative per la valorizzazione dei sottoprodotti
dell’industria birraria

La birra ¢ tra le bevande alcoliche piu consumate al mondo. L’industria birraria, come I’intera filiera agro-
alimentare, ¢ responsabile della produzione di un’elevata quantita di sottoprodotti (trebbie, trub e lievito esausto).
In un contesto pit ampio, questo progetto di tesi di dottorato ha lo scopo di migliorare la sostenibilita, la resilienza
e le strategie circolari all’interno dell’industria birraria attraverso la bioraffinazione e la valorizzazione dei suoi
sottoprodotti. In particolare, il presente progetto sara focalizzato sull’utilizzo e la valorizzazione delle trebbie,
principale sottoprodotto dell’industria birraria.

1. State-of-the-Art

In recent years, the topic of food loss is gaining in importance due to serious environmental issues caused by the
increase in food waste and the costs of their disposal. From a sustainable point of view, the circular economy aims
to reuse and recycle waste, source of valuable compounds, to produce new added-value products. In 2014, the
Food and Agricultural Organization of the United Nation (FAO) defined “food loss” as the “decrease in quantity
or quality of food caused by the functioning of the food production and supply system or its institutional and legal
framework”. Furthermore, FAO defined “food waste” as “a part of food loss” caused by unintentional or
intentional disposal of edible food mass at any stage of the supply chain.

Beer is one of the most common alcoholic beverages in the world. The brewing process involves several stages of
production and at the end of some of these, brewery by-products are obtained. Brewer’s spent grain is obtained by
lautering at the end of the mashing process. Brewer’s spent hop is obtained by separation in the whirlpool at the
end of the boiling stage. Brewer’s spent yeast is obtained at the end of the fermentation stage (Cimini et al., 2021).
Given the large global annual production of beer and the large production of this waste that will have to be
disposed, the brewing industry contributes to the increase of the environmental negative impact. However, it is
very important to consider that the high volume of by-products from breweries represents a feedstock to produce
valuable product streams in the perspective of a circular economy (Kerby et al., 2017).

Brewer’s spent grain represents the main by-product of the brewing industry (about 20 kg of spent grain for hl of
beer produced), accounting for about 85% of the total by-products. The global annual production of spent grain is
~39 million tons. In the European Union, the production is ~3,4 million tons, ~219 thousand tons of which are
produced in Italy according to the Assobirra Report 2020. Brewer's spent grain consists of coating layers of seeds,
pericarp, and husk of barley grain. It represents variable heterogeneous biomass depending on the type of barley
grain, harvest time, location, the conditions of malting and mashing, the quality and type of adjuvants used during
the production of beer processes. The major challenges associated with using of spent grain as a feedstock include
the high moisture content, ~70-80%, which makes it susceptible to microbial growth and spoilage within a short
period. Brewer’s spent grain is composed by fiber (30-50%, w/w), proteins (19-30%, w/w), lipid (10%, w/w) and
ash (2-5%, w/w). The fibrous fraction is divided in cellulose (12-25%, w/w), hemicellulose (20-25%, w/w) and
lignin (12-28%, w/w) (Lynch et al. 2016).

Currently, brewer’s spent grain is mainly sold to farmers as animal feed, with a low market value of ~35 Euro/ton
or landfilled. Finding alternatives, higher-value uses for spent grain is therefore particularly attractive from the
point of view of brewery economics (Buffington, 2014). In addition, the components of brewer’s spent grain are
also considered as precursors for fine chemicals or as energy sources in microbial fermentations. The brewer’s
spent grain can be used in food production (e.g., bakery) due to the rich composition in protein and fiber with
health benefits (Bravi et al. 2021). Furthermore, brewer’s spent grain can be used in the production of bioethanol,
building materials (bricks), biogas, and bioplastics (food packaging) (Karlovi¢ et al, 2020; Chetrariu et al., 2020;
Jackowski et al., 2020).
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This PhD research project has the overall objective to implement sustainability, resilience, and circularity strategies

within the brewing chain. According to the concepts discussed in this section, the purpose of this PhD thesis project

is:

- evaluate the employ of by-products of the brewing industry for different applications;

- achieve an integral fractionation technique of brewer's spent grain, mainly by-product, for the recovery of
protein and fibrous components;

- optimize strategies for the valorization of the protein component of brewer's spent grain;

- develop sustainable strategies for the conversion of fibrous components into innovative and biodegradable
materials for food packaging.

2. PhD Thesis Objectives and Milestones

Within the overall objectives mentioned above, this PhD thesis project can be subdivided into the following

activities, according to the Gantt diagram in Table 1:

Al) Knowhow of the brewing process and by-products. Study of the state of the art of the reuse and recycle of
by-products (spent grain, spent hop, and spent yeast). Characterization of by-products of the brewing industry
(e.g., chemical-physical and thermal) employing official and instrumental methods.

A2) Development and optimization of fractionation process of the brewer's spent grain. The aim of this
activity is the separation of all the main components (proteins, cellulose, hemicellulose, and lignin), starting
from the data in the literature. Analysis of the several fractions recovered by brewer's spent grain in terms of
molecular structure, morphological and thermal characteristics, employing instrumental techniques (e.g.,
ATR-FTIR spectroscopy, thermogravimetric analysis, etc.). The purpose of this monitoring is the
identification of optimal protocols mainly in terms of sustainability, yield of the processes, and quality of the
components.

A3) Valorization of brewer’s spent grain. Employ brewer's spent grain or its individual components in
formulations to produce bioplastics. For example, the use of these as functional fillers for the improvement of
the mechanical, antimicrobial, barrier, and antioxidant properties of the polymeric films for packaging used
on the market, and non-renewable, will be evaluated. Furthermore, the possibility of employing the protein
component of brewer's spent grain in the formulation of innovative ingredients will be evaluated.

A4) Literature, writing and editing of the PhD thesis, publication of scientific papers and presentation to
National and International meetings.

Table 1 Gantt diagram for this PhD thesis project.

Activity Months] 1] 23456 7]8]o]10]12]13]14]15]16]17]18]19]2021]22] 2324252627 2829 30 313233 34 ]35] 36
A1) |Characterization of brewing by-products

1) Study of the state of the art of the reuse of by-products

B of brewer's spent grain, spent hop and spent yeast
A2) o and of process of the brewer's spent grain

1) Fractionation of all the main
2) Analysis of the several fractions (cellulose, hemicellulose, lignin and protein)
3) ) of process to obtain optimal protocols

A3) _|Valorization of brewer’s spent grai

for the production of bioplastics
2) Evaluation of mechanical, antimicrobial, barrier, and antioxidant properties
3) Evaluation of the protein component in the formulation of innovative ingredients

A4) _|Literature, writing and editing
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The overall objective of this PhD thesis research project is to develop a new class of paper-based materials,
characterized by a low environmental impact, intended to feed the food packaging industry. Specifically, the
PhD program is focused on scouting and valorizing disparate cellulosic industrial wastes, which nowadays do not
find efficient reuse. At first, such wastes will undergo an extractive process to obtain cellulose with high purity
degree from which, through a top-down approach, microfibrils (MFCs) and nanocrystals (CNCs) are
manufactured. Secondly, MFCs and CNCs will be added to the cellulosic pulp both “in bulk” and as a thin layer
on the substrate, thus potentially leading to the differentiation of available materials for packing specific categories
of food products.

Materiali per packaging ecosostenibili per I’industria alimentare (ECOPACKMAT)

Questo progetto di tesi di dottorato si prefigge come obiettivo principale la creazione di una nuova classe di materiali
cartacei, caratterizzata da un basso impatto ambientale, da destinare all’industria dell’imballaggio alimentare. Nella
fattispecie, il percorso & incentrato sulla ricerca e successiva valorizzazione di differenti prodotti di scarto industriale
a base cellulosica, i quali non trovano attualmente un riutilizzo efficiente. In primo luogo, tali sottoprodotti verranno
sottoposti ad un processo estrattivo con il fine ultimo di ottenere cellulosa con un elevato grado di purezza da cui,
tramite approccio top-down, produrre microfibrille (MFCs) e nanocristalli (CNCs). Successivamente, MFCs e
CNCs verranno adoperati sia come riempitivo della matrice cellulosica che depositati in strato sottile (coating) sulla
superficie del substrato, con lo scopo di garantire una potenziale differenziazione dei materiali a disposizione per
I’imballaggio di specifiche categorie di prodotti alimentari.

1. State of the Art

The increasing attention towards “green" packaging materials, together with the combination of current legislation
constraints, has prompted dramatic changes in the design and development of new materials that can replace
conventional (oil-derived) solutions. Among others, cellulose and its derivates, such as micro-fibrillated cellulose
(MFCs) and cellulose nanocrystals (CNCs), are sought after with outstanding interest because of their inherent
biodegradable features (Motaung et al; 2018). Cellulose is the main constituent of higher plant tissues, and it is also
largely abundant in several waste biomasses, namely industrial by-products, recycling streams, and rubbish
(Rampazzo et al; 2017).

Table 1: Main features of biomasses to be investigated during this PhD project.

Arundo Donax Posidonia Oceanica Coffee Silverskin
Present in large amount as There is no data, but an articles In Italy, the industrial
Amount of waste product invasive plant throughout report that o_n_the beach OT processing of coffee
the Italian territo Algero, Sardinia, 905 metric generates 7500 tons
Y tonnes/year are deposited of waste per year
Amount of cellulose [w/w] 39.6 % =35% ~20-30%
Cellulose extraction,
Current applications phytodepuration, land Dietary supplement for animal Cosmetics, cellulose
pp stabilization, biogas feed, composting extraction

production

Within this research project, we selected three different matrices as promising candidates for cellulose extraction
and functionalization purposes (Table 1), namely Arundo Donax, an invasive and perennial plant, Posidonia
Oceanica, a common aquatic plant, and Coffee Silverskin, a coffee production waste (Collazo-Bigliardi et al; 2018).
This choice accounts for the scarce availability of data in the current literature, thus gaining new knowledge as
well as setting up a platform for the proper valorization of heterogeneous substrates of cellulosic origin. Within
this project proposal, the MFCs and CNCs will be added 'in bulk' in the cellulosic pulp manufactured at the
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industrial plant. Within this activity, different formulations will be tested depending on the different characteristics
and concentrations of MFCs and CNCs. The final specimens will be finally characterized in terms of surface
wettability and roughness, mechanical strength, barrier properties to gases, and resistance to grease. Besides using
MFCs and CNCs within the cellulosic network, | will investigate the effect arising from the deposition of MFCs
and CNCs as a thin layer on the main cellulosic substrate on the overall performance of the final material.
According to this scenario, it is somehow obvious that cellulosic materials (paper and paperboard) are looked with
renewed interest because they may represent the starting point for a new class of biodegradable and/or compostable
materials for food packaging applications, with no use of plastic or metal layers, using solely water-based solutions
(no organic solvents). Accordingly, the success of this project may represent a relevant competitive advantage at
industrial level.

2. PhD thesis Objectives and Milestones

The Gantt diagram (Table 2) provides an overview of all activities foreseen to be run during this PhD project.
More specifically, the whole work is distributed within four main Work Packages (WPs) according to the
following schematic description:

WP1: Cellulose recovery and MFCs/CNCs preparation

T1: Extraction of cellulose from residues and/or waste generated by the agri-food industry/industrial partner;
T2: Production of MFCs and CNCs using top-down approaches;

T3: MFCs and CNCs production from by-products;

T4: Dimensional, yield, and structural characterization of MFCs and CNCs.

WP2: Bulk insertion of MFCs/CNCs into paper-based materials

T1: Addition of MFCs/CNCs within the cellulosic substrate at different concentrations;
T2: Assessment of surface roughness of achieved samples;

T3: Scale-up to pilot plant.

WP3: Production of MFCs/CNCs-based coatings

T1: Coating deposition on paper-based materials;

T2: Physicochemical characterization of the final products;

T3: Evaluation of mechanical properties (tensile, and puncturing resistance);
T4: Physicochemical characterization of packaged foods.

WP4: Dissemination

T1: Publication in peer-reviewed journals;

T2: Communications at conferences/meetings;
T3: Report activity toward the industrial partner
T4: Writing the final thesis

Table 2: Gantt diagram for this PhD thesis project.
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This PhD thesis research project aims to create innovative digital tools for the promotion of healthy and safe
nutrition, and conscious and sustainable lifestyles, to simultaneously tackle the environmental impact of food and
the double burden of malnutrition in a simple, immediate, and effective way. More sustainable diets and healthier
lifestyles must be sought, for the reduction of non-communicable diseases (NCDs) that make innovative nutritional
solutions not only healthy, but also environmentally sustainable and customised for different consumer groups
increasingly necessary.

Sviluppo di strumenti innovativi per I'educazione alimentare: una strategia promettente
per combattere e prevenire la malnutrizione e per ridurre I'impatto ambientale del cibo
attraverso I'adozione di diete piu sane e sostenibili.

Questo progetto di tesi di dottorato mira a creare strumenti digitali innovativi per la promozione di una
alimentazione sana e sicura e di stili di vita consapevoli e sostenibili, per affrontare contemporaneamente l'impatto
ambientale legato all’alimentazione e la malnutrizione per difetto e per eccesso, in modo semplice, immediato ed
efficace. La necessita di una maggiore sostenibilita alimentare e di stili di vita piu salutari finalizzati alla riduzione
delle malattie non trasmissibili (NCD) rendono sempre pill necessarie soluzioni nutrizionali innovative non solo
salutari, ma anche sostenibili e personalizzate per diversi gruppi mirati di consumatori.

1. State-of-the-Art

The food system is constantly evolving as consumer preferences, production methods and policies change over
time. Public health systems are also under increasing pressure as malnutrition-related NCDs, including obesity,
diabetes, and some cancers, pose a threat to long-term health. At the same time, food systems contribute
substantially to climate change, loss of biodiversity and depletion of natural resources (1). Changes in food systems
are needed not only to address the increase in food-related NCDs, but also to promote a shift towards an
environmentally sustainable future. This is not an easy task, nor it can be accomplished by any one actor or action
(1). The Mediterranean Diet (MD) is a model of eating based on the traditional foods and drinks of the countries
surrounding the Mediterranean Sea. Over the last few decades, it has been promoted worldwide as one of the
healthiest dietary patterns and has been reported to be consistently beneficial with respect to chronic diseases and
longevity (2). Indeed, as scientific evidence has shown, to date the MD represents a model of healthy and
sustainable diet, which is a determining factor in prevention, counteracting the risk of the onset of major chronic
diseases (3). At the same time, the DM represents a sustainable diet model with its positive effects in the
environmental and economic context. In fact, agricultural and agri-food productions, together with the culinary
tradition, on the one hand ensure quality from an organoleptic point of view and, on the other, guarantee
compliance with ethical and environmental criteria (3). MD is characterized by a balanced lipid profile (low in
saturated fats (SFASs) and high in monounsaturated fats (MUFAS), with olive oil as the main source of fat), a high
intake of low glycemic index carbohydrates, fiber, antioxidants, cereals (preferably as whole grain), legumes, fruit,
vegetables, and nuts, and a moderate consumption of fish and shellfish, white meat, eggs, and dairy products (4-
6). Recently, the environmental impact of MD has been addressed and considered in an updated version of the MD
Pyramid, which emphasizes a lower consumption of red meat and bovine dairy products, and a higher consumption
of legumes and locally grown eco-friendly plant foods (7,8). In this context nutrition education, based on the
principles of the Mediterranean lifestyle, is the first and most effective tool to protect health and the environment,
both as action and prevention (9). In particular, educating to a MD-based diet from school age onwards is a way
to make the younger generations understand the role that its adoption can play in both health protection and
environmental sustainability (10). Innovative technological educational tools are extremely important for adults,
but even more so for the younger generation as they enable them to apply 'learning through play'. Indeed, games
and activities improve understanding of any nutritional topic (9,11). All the mentioned objectives can be achieved
through ‘smart' technological supports, services, digital innovation, new technologies, tools, also based on the
analysis of drivers influencing behavior, communication and education, digital technologies and labelling, and
considering the role of collective catering (12).
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2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above this PhD thesis project can be subdivided into the following activities

according to the Gantt diagram given in Table 1:

Al) Market survey and co-creation: characterisation, with the synergy of MEDEGUS S.r.1., of existing tools to
reduce malnutrition and the environmental impact of diets, trying to identify gaps and strengths.
Representative samples of the target population are interviewed and tested using different tools and different
educational content to verify the levels of learning and usability. By following a co-creative strategy with
user interviews, it is possible to build digital tools based on the real needs of the target population.

A2) Development of interactive digital tools based on the results of the co-creation: design and development
of interactive digital tools specifically addressed to different target populations suffering from malnutrition
(different age groups and physiological conditions) to tackle malnutrition through nutrition education. Tips,
educational content, healthy and sustainable recipes and menus are examples of the services available through
these innovative tools.

A3) Implementation and evaluation: the innovative educational tools are tested on a representative sample of
subjects of different ages and with different malnutrition problems, to verify the acquisition of the contents
in terms of adopting healthier and more sustainable eating habits. The functionality and effectiveness of the
innovative tools are evaluated according to specific objectives defined a priori.

A4) Industrial transferability/use: a prototype of the innovative digital tool will be tested on a large scale in
collaboration with the company partner (MADEGUS S.r.1) to demonstrate its functionality and the feasibility
and effectiveness of the project.

Ab5) Writing and Editing of the PhD thesis, scientific papers and oral and/or poster communications. This
activity also includes a series of actions to share the results of the project with the aim of raising awareness
and contributing to knowledge building and the advancement of innovation. The dissemination plan is
planned both through social networks for the general population and through scientific publications and
conference proceedings.

Table 1 Gantt diagram for this PhD thesis project.

Months 12 3]a]s5 6] 7] 8]9ofa0]11]12][13]1a]15]16]17 18] 19] 20 2122 23] 24 25] 26 27] 28] 29[ 30]31][32]33]34]35]36
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A2 Development of interactive digital tools | [

A3 ion and i | |
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AS___| Writing and Editing
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Valorization of milk and dairy products in healthy and sustainable dietary
patterns

Paola Biscotti (paola.biscotti@unimi.it)
Dept. Food, Environmental and Nutritional Sciences, University of Milan, Milan, Italy
Tutor: Dr. Daniela Martini

This PhD thesis research project is aimed at: i) elaborating and optimizing sustainable and healthy Mediterranean-
based dietary patterns including milk and dairy products; ii) comparing their nutrient adequacy and environmental
impact with those of the dietary patterns replacing dairy foods with plant-based alternatives; iii) investigating the
impact of the optimized dietary patterns on nutritional, metabolic and physiological status in target groups of the
population.

Valorizzazione del latte e dei prodotti lattiero caseari in modelli dietetici sani e sostenibili

Questo progetto di tesi di dottorato mira a: 1) elaborare e ottimizzare modelli dietetici salutari e sostenibili ispirati
al modello Mediterraneo che includano il latte e i suoi derivati; 2) confrontare la loro adeguatezza nutrizionale e
il loro impatto ambientale con quelli di modelli dietetici nei quali i prodotti lattiero-caseari sono sostituiti con
prodotti di origine vegetale; 3) valutare I’impatto dei modelli alimentari ottimizzati sullo stato nutrizionale,
metabolico e fisiologico di specifici gruppi di popolazione.

1. State-of-the-Art

Our times are characterized by several food challenges, including several forms of malnutrition, depletion of the
environmental resources and the population growth. Some of sustainable development goals, in particular goals
number 2, 3, 12 and 13, underline the need to find a solution to these challenges to promote prosperity while
protecting the planet (Morton et al., 2017). In this scenario, there is the urgency to encourage the transition towards
dietary patterns with a low environmental impact, hence characterized by a high consumption of plant-based foods
and a low intake of animal products (Lindgren et al., 2018). However, animal products could be crucial for specific
targets of population since they are an excellent source of essential aminoacids, and highly bioavailable
micronutrients (e.g., calcium, phosphorous, B2 and B12 vitamins) (Seves et al., 2017). As a consequence, it is
necessary to optimize dietary models in order to guarantee an adequate intake of energy and nutrients while
limiting the environmental impact of the whole dietary pattern.

In this context, within Mediterranean-based dietary pattern (MD), milk and dairy products could play a key role
in this challenge as they have a lower environmental impact than the other animal products (Barilla Center for
Food & Nutrition, 2014). Due to their important nutritional role, all guidelines for a healthy diet recommend daily
consumption of milk/yogurt; however, as shown in Figure 1, in Italy, we are facing a progressive decrease in milk
consumption. This reduction has been observed especially among individuals between 6 and 24 years, range of
age in which the consumption of milk may be crucial to reach the peak bone mass (lstat, 2022).

Besides ethical and healthy reasons (e.g., allergy), one of the main reasons of this reduction could be the
unfavorable communication against these products, often not supported by scientific evidence.
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Figure 1 Percentage of people aged 3 years and over consuming milk at least once a day from 2010 to 2021 in Italy.

Thus, this PhD thesis project will be directed to develop sustainable and healthy dietary patterns taking into
consideration the role of milk and dairy products on human health. In addition, we will investigate the nutritional
and environmental impact of these products to implement knowledge about the role of dairy category which may
represent an additional tool to fight against fake news.
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2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above, this PhD thesis project can be subdivided into the following

activities according to the Gantt diagram given in Table 1:

Al) Development and optimization of Mediterranean-based dietary patterns including milk and dairy
products. Indications of weekly frequencies and serving sizes of the different food groups will be developed
and will be translated into a dietary plan considering traditional dishes of the MD (A1.1). All the analysis
will be performed by using a specific software for nutritional assessment to simulate dietary patterns. The
environmental impact will be evaluated with the use of data available in literature, such as SU-EATABLE
LIFE (SEL) database (Petersson et al., 2021) (Al1.2).

A2) Simulation of replacement of milk and dairy products with dairy analogues on nutritional (A2.1) and
environmental impacts (A2.2) using methods described above.

A3) The comparison of these dietary patterns will be performed in terms of: i) nutrient adequacy for the general
populations and for specific target groups by using dietary reference values of Nutrients and Energy for
Italian population (LARN, 2014) (A3.1); ii) environmental impact, by using data available in literature
(A3.2).

A4) Research and development of innovative dairy products and their optimization for target groups; the
results from the activities described above could be useful to identify the need of developing new dairy
products specifically target for selected target groups of the populations.

Ab5) Writing and Editing of the PhD thesis, scientific papers and oral and/or poster communications.

A6) Dissemination of results will be performed through different communication campaigns and with the use
of several means of communication, to promote a correct knowledge about the role of milk and dairy products
on human health and their inclusion in sustainable healthy dietary patterns.

Table 1 Gantt diagram for this PhD thesis project.

Activity Months 112]3|4]5|6|7|8]9]10|11]12|13|14|15]16|17|18]19|20|21|22|23|24

Dietary patterns with milk and dairy
Al) |products

1)Development of the MD-based
dietary patterns

2) Evaluation of nutritional profile
and environmental impact

Dietary patterns with dairy
A2) |analogues

1) Development of the MD-based
dietary patterns

2) Evaluation of nutritional profile
and environmental impact

A3) |Comparison of dietary patterns -

1) Nutrient adequacy and health
impact
2) Environmental impact

A4) |Innovative dairy products EEEEEEENEREE

1) Analysis of critical issues
2) Optimization of new dairy
products

Ab) [Thesis and Paper Preparation
AB6) |Dissemination of the results
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Antioxidant activity of Maillard reaction products by multiresponse kinetic
models

Sara Bolchini (sholchini@unibz.it)
Faculty of Science and Technology, Libera Universita di Bolzano, Bolzano, Italy
Tutor: Prof. Matteo Mario Scampicchio

The Maillard reaction is one of the most important reactions in foods with large implications for color, taste, flavor,
and nutritional value. Moreover, during the reaction between reducing sugars and amino acids, the antioxidants
activity typically increases. However, the mechanism that control such changes remains unclear. Thus, this PhD
project aims to develop a multiresponse kinetic model that could predict the antioxidant formation during cooking
of baked and brewed products. Through the understanding of the kinetic evolution of antioxidants in Maillard
reaction, it will be possible to design new foods with the highest antioxidant functionalities.

Attivita antiossidante dei prodotti della reazione di Maillard mediante modelli cinetici a
risposta multipla

La reazione di Maillard & una delle reazioni pit importanti negli alimenti, con grandi implicazioni per il colore, il
gusto, il sapore e il valore nutrizionale. Inoltre, durante la reazione tra zuccheri riducenti e amminoacidi, l'attivita
antiossidante tipicamente aumenta. Tuttavia, il meccanismo che controlla tali cambiamenti rimane poco chiaro.
Pertanto, questo progetto di dottorato mira a sviluppare un modello cinetico a risposta multipla che possa prevedere
la formazione di antiossidanti durante la cottura di prodotti da forno e la produzione di birra. Attraverso la
comprensione della cinetica di formazione di antiossidanti sara possibile progettare nuovi alimenti con la massima
funzionalita antiossidante.

1. State of the Art

Maillard reaction is a complex mix of chemical reactions that occurs between reducing sugars and amino acids or
proteins. This reaction is one of the most studied in foods as it is responsible for their aroma, flavours and colour.
Typical examples include the browning and flavours formation of cooked meat, backed products, soy sauces,
brewing and toasting of coffee.

Although the reaction is known since 1912, when it was discovered by the French chemist Louis Camille Maillard,
only in the 50s with John Hodge (USDA), that a mechanism for the chemistry of non-enzymic browning was
proposed. However, since that time, the kinetic mechanism could not be completely revealed because of the
concomitant influences of too many factors, such as pH, water activity, temperature, and the content and type of
lipids, sugars and proteins. Such complexity is well illustrated by the thousands of known reaction products and
intermediates. (Martins & Van Boekel, 2005)

Despite such complexity, the essential skeletal of a Maillard Reaction mechanism consists of the initial
condensation reaction between the aldehyde or ketone group of a reducing sugar and the free amino group of
amino acids. This forms Schiff base products (or glycosylamines). Such intermediates quickly undergo Amadori
rearrangement to form amino-deoxy-ketoses (or ketosamine). The Amadori products degrade in pathways that
depend, as said before, on several factors (pH, T, Aw, etc.). However, during the Maillard Reaction, amino groups
are released, forming new sugar fragments (deoxy-osones), that may further act as oxidizer of amino groups via
Strecker degradation, leading to the evolution of flavors (volatile aldehydes and ketones) and melanoidines (brown
pigments). (Feng et al., 2022)

Maillard Reaction Products (MRP) are of high interest in food science not only for their organoleptic properties,
but also for their bioactivities, in particular their antioxidant and antimicrobial properties.

The antioxidant properties of some compounds produced during the progress of the Maillard reaction, i.e. Amadori
compounds, premelanoidins, and melanoidins, have been reported in processed foods. The antioxidative activity
of MRPs in model and food systems is due to different antioxidant mechanisms, including chelation of metal ions,
radical chains breaking, breakdown of hydrogen peroxide, and scavenging of reactive oxygen species. (Nooshkam
et al., 2019)

Their antioxidant activity is widely studied in literature since the antioxidant properties are fundamental for food
maintenance.

For example, many studies have been done on model solutions of amino-acids and mono or di-saccharides.

MRPs produced by model solutions of specific protein or non-protein amines have also been studied for their
antioxidant properties. For example, someone worked on MRPs obtained from casein and glucose solution, or
studied Maillard Reaction between porcine plasma proteins and sugars or on stingray non-protein nitrogenous
fraction and sugar model system Maillard Reaction derived Products.
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Some studies on MRPs antioxidant activity have also been conducted on more complex systems, like
chitooligomer, ovalbumin and d-aldohexoses. (Feng et al., 2022)

Despite this, just a few works have been done on food matrixes.

Since MRPs can have both positive and negative bioactivities as here described, would be interesting to understand
at which stage of the reaction the MRPs have a positive biological activity and when, instead, they start becoming
dangerous for human health and food.

In particular, the aim of my PhD project is to develop a multiresponse kinetic model that could predict the
antioxidant formation during cooking of baked and brewed products. Through the understanding of the kinetic
evolution of antioxidants in Maillard reaction, it will be possible to design new foods with the highest antioxidant
functionalities.

2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above this PhD thesis project can be subdivided into the following
activities according to the Gantt diagram given in Table 1:
M1- Literature review

M2- Studies on Maillard Reaction model solution: studies on kinetic of Antioxidant Compounds production
during heating phase of Glucose-Glycine solution;

M3- Studies on more complex systems containing proteins and complex sugars;
M4- Studies on real food matrixes like cookie dough and beer;

M5- Period abroad probably at Wageningen University under the supervision of Professor van Boekel, working
of Reaction Kinetics;

M6- Writing and Editing of PhD thesis, papers and/or poster communication.

Table 1 Gantt diagram for this PhD thesis project.

Milestones 1t year 2nd year 3 year

Terms | ] 11 v | 1 v | 1 1 v
M1 Literature review

M2 Studies on model solutions

M3 Studies on complex model
solutions

M4 Studies on food matrix
M5 Period abroad
M6 Writing
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The aim of this PhD project is to develop functional foods by studying the binding capacity of specific
polyphenolic classes with phytosterols (complex forms), estimating both their effects on the human organism and
the bioaccessibility of the complex by developing at least an analytical validated method for analysing and
monitoring the oxidation products of phytosterols.

Strategie per lo sviluppo di alimenti funzionali attraverso la formazione di un complesso
polifenolo-fitosterolo

Lo scopo del presente progetto di dottorato consiste nello sviluppo di alimenti funzionali attraverso lo studio della
capacita di legame tra specifiche classi di polifenoli e fitosteroli stimandone, quindi, il loro effetto sull’organismo
umano e la loro bioaccessibilita attraverso lo sviluppo di almeno un metodo analitico validato per 1’analisi e il
monitoraggio dei prodotti di ossidazione dei fitosteroli.

1. State-of-the-Art

Plant sterols and stanols, also known as phytosterols, are bioactive compounds found in foods of plant origin
belonging to the triterpene family (Trautwein et al., 2018; Gachumi et al., 2021). Recently, they have received
particular attention due to their ability to reduce the intestinal absorption of cholesterol, thereby reducing the
occurrence of both cardiovascular diseases and colon cancer (Cuevas-Tena, Alegria and Lagarda, 2018). Since
phytosterols are structurally similar to cholesterol, when consumed, they compete with latter absorption from the
gastrointestinal track reducing low-density lipoprotein (LDL-C) levels by competing with cholesterol in the
enterocytes (Gachumi et al., 2021). Phytosterols intake from natural sources ranges between 200 and 400 mg/day
with habitual diets and up to 600 mg/day under vegan- or vegetarian-type diets. However, that intake is not
sufficient to achieve the cholesterol-lowering effect; in fact, the hiring of 2 to 3 g of phytosterols per day is essential
to significantly reduce the total cholesterol and LDL-C levels in the blood by 10 % (Cabral and Klein, 2017;
Trautwein et al., 2018). Due to the well-established cholesterol lowering effect of phytosterols, commercial food
products such as margarine and dairy products, with added phytosterols either in their free or esterified form, have
been marketed for decades (Lin, Knol and Trautwein, 2016). However, the phytosterols added into food products
is challenging because of their water insolubility and susceptibility to oxidation. The current techniques used for
integrating phytosterols into foods are various (e.g. microemulsion, micelles or microcapsule) but critical points
are highlighted, such as low stability, high cost reflected in the final price of the product or low protection against
oxidation (Tolve et al., 2020; Cercaci et al., 2007). Consequently, the high concentration of phytosterols in foods
could lead to a high presence of oxidised phytosterols; in fact, as it has been reported for cholesterol, also
phytosterols are prone to be oxidized generating several isomers, which are collectively known as Phytosterol
Oxidation Products (POPSs) (O’Callaghan, McCarthy and O’Brien, 2014; Tolve et al., 2020). The actual literature
is conflicting for what concern the effects of POPs on human health. Several studies report an association between
the intake of POPs and the onset of various diseases and negative health implications but, at the same time, anti-
diabetic and anti-cancer activities are also highligthed (Scholz, Guth, et al., 2015; Wang and Lu, 2018; Gachumi
et al., 2021). In addition, another point to be considered is the bioavailability and bioaccessibility of POPs. Again,
the literature is poor about that; Grandgirard et al., (1999) reported an intestinal absorption rate of the 7-keto- and
epoxy-isomers of sitosterol and campesterol about 1.4 % and 4.7 %, respectively, which were higher than sitosterol
(1.2 %) and lower than campesterol (7.0 %). Others, reported an absorption of (oxy)-campesterols (15.9%) and
(oxy)-B-sitosterols (9.12%) higher than campesterol (5.47%) and B-sitosterol (2.16%) (Wang and Lu, 2018;
Grandgirard et al., 1999). Thus, it is required to limit the oxidation of phytosterols and to properly monitor them,
in order to limit the possible negative effects on human health given the limited knowledge. One solution to
counteract POPs formation is the use of antioxidant compounds, such as polyphenols, tannins or tocopherols
(Gachumi et al., 2021), potentially exploiting the ability of them (such as gallic acid) to bind sterol structures by
modifying their solubility (Zeng et al., 2020). Finally, since commercial reference standards of oxidised
phytosterols as well as a validated analytical method are not available, the accurate determination of POPs is often
complex. The oxidation products of phytosterols are usually present in trace amounts and purification techniques
may result in sample loss or degradation of compounds or also formation of artefacts. These analytical obstacles
result not only in a limited quantitative dataset on the occurrence and formation of phytosterol oxidation products
in selected enriched foods, but also in the comparison of existing data (Scholz, Wocheslander, et al., 2015).
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2. PhD Thesis Objectives and Milestones

The PhD thesis project can be subdivided into the following activities according to the Gantt diagram given in

Table 1:

Al) Development of the analytical methods for POPs determination. Formation of standard mixes of the
oxidized phytosterols and development of, at least, one method of analysing these products and validated.

A2) Study of the interaction between polyphenols and phytosterols. Selected polyphenols will be tested and
their complexing activity with different phytosterols (p-sitosterol, campesterol, stigmasterol, brassicasterol
among the most common) will be studied in a model system at different temperatures and pH.

A3) Study of the selected phytocomplex in food products based on the results obtained from the model systems.
Therefore, foods tested with the complex will be monitored during their shelf-life.

A4) Bioaccessibility studies through the official product protocol; different analysis will be performed on the
samples before the digestive process and at the end of each phase, in order to monitor the fate of the complex.

Ab5) Writing and Editing PhD thesis, scientific papers and oral and/or poster communications.

Table 1 Gantt diagram for this PhD thesis project.

MONTHS
ACTIVITY 1 2 3 4 5 6 7 8 9101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

Development of the

Al) analytical methods for POPs
determination
1) Development of pure
phytosterol oxidation products
2) Validation of an analytical
method for POPs determination
Study of the interaction

A2) between polyphenols-
phytosterols
1) Selection of polyphenols able
to bind phytosterol
2) Assessment of the complex
stabilty in model systems
Study of the selected

A3) phytocomplex in food
products

1) Test in different food matrix

2) Evaluation of phytocomplex
shelf-life

A4) Bioaccessibility studies

A5) Thesis and paper preparation
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Biobased approaches at modulating the interaction between legume
biopolymers and bioactives: a perspective for the production of gluten-free
baked goods
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Tutor: Dr. Mattia Di Nunzio

This Ph.D. thesis project aims to evaluate the effect, through a biomolecular approach, of innovative technological
processes on bean seeds (Vigna unguiculata), for the production of bakery products with and without gluten with
higher health value. In particular, the application of the sprouting process, a reliable, economic, and sustainable
process, was evaluated in order to improve the technological, nutritional, and biomolecular properties of beans.
Once the best germination conditions have been determined, the development of bakery products (bread) with
sprouted and non-sprouted bean flours (control), and the subsequent technological, chemical and biomolecular
characterization will be conducted.

Approcci biomolecolari per lo studio delle interazioni tra biopolimeri e bioattivi nei
legumi: una prospettiva futura per la produzione di prodotti da forno gluten-free

Lo scopo del progetto della tesi di dottorato ¢ valutare I’effetto, attraverso un approccio biomolecolare, di processi
tecnologici innovativi sui semi di fagiolo (Vigna unguiculata), per la produzione di prodotti da forno con e senza
glutine a maggiore valore salutistico. In particolare, al fine di migliorare le proprieta tecnologiche, nutrizionali e
biomolecolari dei fagioli si & valutato il processo di germinazione, un processo affidabile, economico e sostenibile.
Determinate le migliori condizioni di germinazione, si procedera allo sviluppo dei prodotti da forno (pane) con le
farine di fagioli germinati e non (controllo) e della successiva caratterizzazione tecnologica, chimica e
biomolecolare.

1. State-of-the-Art

Legumes are gluten-free plants with good climate resilience, low production cost, and a well-balanced nutritional
profile made of a good amount of proteins, dietary fiber, resistant starch, vitamins, minerals, and unsaturated fatty
acids (Gomes Los et al., 2018). Among legumes, Cowpea beans (Vigna unguiculata) are an important and versatile
crop with high protein content and technological features (de Souza Rocha et al., 2014). Cowpea proteins include
globulins (44-55%), albumins (20-35%), glutelins (~22%) and prolamins (1-3%). The main cowpea storage
protein is vicilin, a 7S globulin characterized as a trimer of 150 to 170 kDa formed by similar subunits of 40-70
kDa with no disulfide exchange. Another important cowpea protein is lectin, with a molecular weight of
approximately 55 kDa. Unlucky, beans are characterized by a low protein digestibility and nutrient bioavailability
due to trypsin inhibitors such as lectin (de Souza Rocha T. et al., 2014), and phytates, which require the application
of technological and biological processes to increase their nutritional value.

During the first twelve months of this Ph.D. project, we investigated the effect of sprouting on cowpea seeds by
assessing the residual levels of phytates and trypsin inhibitors, as well as the extent of protein hydrolysis in
germinated seeds. Sprouting was performed on previously soaked seeds (weight ratio 1:2, 8 hours). After keeping
the soaked seeds at room temperature and 90% relative humidity for 24, 48, and 72 hours, samples of germinated
seeds were collected. Phytates content and trypsin inhibitors in aqueous extracts from individual meals were
determined using a commercial kit and the EN 1SO 14902 standard, respectively, after drying and grinding. SDS-
PAGE and the OPA assay for free amino groups were used to assess protein hydrolysis. The results show that
sprouting decreased trypsin inhibitor activity and phytates content while increasing protein hydrolyses in a time-
dependent manner. At 48 hours of germination, the maximum effect had already been reached. Although more
research is needed to better define the effect of germination on protein levels, these preliminary findings highlight
the importance of this bioprocess for increasing the nutritional value of legumes for use in the formulation of
bakery products with a higher health impact.
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2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above this Ph.D. thesis project can be subdivided into the following

activities according to the Gantt diagram given in Table 1:

Al) Literature research: research, reading, and comprehension of the most recent publications related to the PhD

project.

A2) Application and characterization of innovative technological processes: application of sprouting condition
in Cowpea bean seeds (A2.1) and assessment of the best technological conditions by biochemical assay (SDS-
PAGE, OPA assay, phytates content, and trypsin inhibitory activity) (A2.2).

A3) Product development: development of bakery products (bread) with sprouted and non-sprouted bean flours
(control) (A3.1).

A4) Characterization of prototype breads: The prototype breads will be characterized from a technological
(A4.1) and biochemical (A4.2) point of view. Subsequently, they will be subjected to in vitro digestion to
evaluate the bioaccessibility of nutrients and bioactive compounds (A4.3).

A5) Evaluation of antioxidant and anti-inflammatory properties of digestive selected breads in cell culture:
the antioxidant (A5.1) and anti-inflammatory (A5.2) properties of the digested selected breads will be
evaluated in cultured intestinal cells.

A6) Data dissemination of the obtained results in scientific papers and conferences communications and Ph.D.

thesis writing.

Table 1 Gantt diagram of the Ph.D. thesis project.

DI
ACTIVITY URATION (months)

1(2(3|4|5|6|7|8[9]10(11]12(13]|14|15|16/17(18(19(20(21|22(23(24|25|26/27/28/29(30(31(32(33(34(35(36

Al) |Literature research
A2) |Application and ization of i it ical p

1) [application of innovative technological processes

2) ‘Biochemical characterization of innovative technological processes
A3) |Product development
A4) |Characterization of prototype breads

1) Evaluation of technological properties

2) Biochemical characterization

3) In vitro bio-accessibility

AS) ion of antioxi and anti-i y properties in cell culture
1) Evaluation of anti-oxidative properties
2) Evaluation of anti-inflammatory properties
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Assessment of the stability and efficacy of a newly developed probiotic
blend in the context of IBS through a pilot multicentre study

Laura Brunelli (Laura.Brunelli@unimi.it)
Dept. of Food, Environmental and Nutritional Sciences, University of Milan, Milan, Italy
Tutor: Prof. Simone Domenico Guglielmetti

It is recently emerged the central role of the gut microbiota in irritable bowel syndrome (IBS) and the beneficial
use of several probiotic products. The main objective of this PhD project is to develop a bacterial blend based on
selected and in vitro characterized SOFAR’s strains. The effects of this multi-strains supplement will be assessed
in vivo through a pilot multicentre study with IBS patients. Since an important technological limitation in clinical
trials is the actual amount of microbial cells delivered, the analysis of formulation’s stability during the shelf-life
and a microbiological characterization by flow cytometer will be also performed.

Valutazione della stabilita e dell’efficacia di un nuovo prodotto probiotico multi-ceppo
nel contesto dell’IBS tramite uno studio pilota multicentrico

Recentemente ¢ emerso il ruolo centrale del microbiota intestinale nel contesto della sindrome dell’intestino
irritabile (IBS) e dei benefici derivanti dall’utilizzo di prodotti probiotici. L’obiettivo principale di questo progetto
di dottorato € lo sviluppo di una nuova miscela composta da ceppi SOFAR selezionati e caratterizzati in vitro. Gli
effetti di tale integratore multi-ceppo saranno valutati in vivo mediante 1’allestimento di uno studio pilota
multicentrico in pazienti IBS. Poiché un importante limite tecnologico in tali studi clinici riguarda il quantitativo
di cellule microbiche somministrate, verra inoltre condotta un’analisi di stabilita della miscela durante la shelf-life
e una caratterizzazione microbiologica tramite citofluorimetro.

1. State-of-the-Art

Irritable bowel syndrome (IBS) is a common enigmatic functional gastrointestinal disorder characterized by
heterogeneous symptoms — such as abdominal pain, bloating, diarrhoea, constipation, nausea — and parallels with
other somatic comorbidities and psychiatric conditions like anxiety and depression. These features may explain
why it is also associated with a decrease in patients’ quality of life (QoL). This multi-factorial condition is
diagnosed through the Rome 1V criteria and can be divided into 4 different IBS subgroups, which are patients with
diarrhoea predominance (IBS-D), predominant constipation (IBS-C), mixed or alternating bowel habits (IBS-M),
or un-subtyped IBS (IBS-U).

Due to the global prevalence of around 10%, IBS causes such a significant economic burden for health systems
that there is an increasing need to develop protocols to manage this issue. What has recently emerged is the
pathogenetic contribution of the intestinal microbiota in IBS, further supported by several reported beneficial
effects of the use of probiotics in improving the symptoms of this syndrome. Systematic reviews of the literature
and meta-analysis indicate that probiotics have significant therapeutic effect on IBS manifestations, though their
efficacy resulted to be heterogeneous according to the IBS subgroup and the kind of product considered, and
depending on the strain administered (Li et al., 2020).

Moreover, the understanding about the mechanism of action by which probiotics exert their beneficial actions in
humans is limited because these aspects were evaluated only in a small number of clinical trials. For instance, the
ability of Bifidobacterium bifidum MIMBb75 to well adhere to intestinal cells may play a pivotal role in increasing
the intestinal barrier, proving to effectively alleviate global IBS symptoms with a concurrent improvement of QoL
(Guglielmetti et al., 2011). On the other hand, in a study on healthy volunteers, the intake of Lacticaseibacillus
paracasei CNCM 1-1572 significantly modulated faecal Eubacteriales (formerly Clostridiales) bacteria and
butyrate levels, potentially conferring a health benefit to the host. Coherently, as the same strain proved to be able
to modulate both gut microbiota structure and function and to reduce immune activation in IBS, this
immunostimulation may be the consequence of perturbation of gut microbiota (Cremon et al., 2018).

In this context it has emerged that the administration of suitable dose combined of lactobacilli and bifidobacteria
can have prepotent effect compared with single species, suggesting the existence of a possible complementary or
synergistic interaction between different probiotic strains which improves their effectiveness (Liang et al., 2019).
Indeed, a product consisted of a mixture of 5 strains of lactic acid bacteria and bifidobacterial was texted in a
prospective, double-blind, randomized placebo-controlled study conducted by Francavilla et al. (2019) to assess
its capability to decrease the severity of IBS-type symptoms in patients with Celiac Disease (CD) despite a gluten-
free diet (GFD). The authors demonstrated that this probiotic combination is superior to placebo to alleviate the
IBS symptomatology, speculating that part of this effect might be secondary to a positive modification of gut
microbiota shown by the steady and persistent increase of the bifidobacteria count in faecal samples of CD patients,
detectable 6 weeks after discontinuation of probiotics.
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These findings may explain why, although it has not been scientifically demonstrated if a combination of strains
is more efficacious than a single strain, the number of commercially available multispecies probiotic formulation
is increasing (Taverniti et al., 2019). Thus, this project aims to develop a microbiological blend consisting of some
SOFAR’s proprietary strains —each one chosen on the basis of the clinical studies included in the reported literature
—which could potentially aptly perform in IBS context.

2. PhD Thesis Objectives and Milestones

According to the abovementioned objective, this PhD project can be divided into 3 interconnected Work Packages

(WPs), which include the activities detailed below as Tasks, as shown into the Gantt diagram reported in Table 1:

WP1) Definition and microbiological characterization of the probiotic blend, both by an in vitro
characterization of strains’ probiotic properties from the functional point of view (Task 1.1) and through
strains’ genome sequencing and analysis (Task 1.2), in order to identify one or more unique regions to
develop primers for the preparation of a strain-specific gPCR protocol to be used in a clinical study.

WP2) Stability and microbiological characterization of the probiotic blend, since an important limitation in
clinical trials with probiotic products consists in the actual amount of microbial cells delivered. The stability
during the shelf-life of the multi-strains supplement will be evaluated at defined time-points by viable count
(Task 2.1), and the probiotic formulation will be also characterized by cytofluorimetric analysis (Task 2.2).

WP3) In vivo clinical trial to assess the effect of the probiotic multi-strains supplement in subjects with IBS.
Taxonomic profiling of bacterial DNA and other more specific analysis in both faecal and blood samples (i.e.
SCFAs and some biomarkers respectively) will be conducted (Task 3.1), and the final results of these
endpoints will be elaborated (Task 3.2).

These WPs will end with the Writing and Editing of the PhD thesis and scientific papers.

Table 1 Gantt diagram for this PhD thesis project.

Months

Activities 1/2(3/4|(5/6|7(8/9(10/11 /12|13 1415 16|17|18 19 20|21 22 23|24
WP1)  |Definition of the Probiotic Blend _
Task 1.1. |Invitro Strains' Probiotic Properties _
Task 1.2. |Genome Sequencing and Analyss _
WP2) Stability of the Probiotic Blend
Task 2.1 | Stability by Viable Count
Task 2.2 | Characterization by Flow Cytometry
WP3) In vivo Clinical Trial
Task 3.1. | Endpoints Evaluation
Task 3.2 |Elaboration of results

Thesis and Paper Preparation
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Valorisation of artichoke by-product as ingredients for functional dairy
foods

Angela Carboni (a.carboni42@studenti.uniss.it)
Dept. of Agricultural Sciences, University of Sassari, Italy
Tutor: Prof. Alessandra Del Caro, Co-tutor: Prof. Pietro Paolo Urgeghe

This PhD thesis research project aims to study the valorization of artichoke by-products (leafs, stems and bracts)
as ingredients for the production of functional dairy foods. This research includes the chemical-physical
characterization of freeze-dried artichoke leafs, stems and bracts. The goal is the production and optimization of
a fortified dairy food like the yogurt, with potential benefits to human health, evaluation of its rheological
characteristics, sensory profile, fiber content and antioxidant activity

Valorizzazione dei sottoprodotti del carciofo come ingredienti per la produzione di
alimenti lattiero caseari funzionali

Questo progetto di tesi di dottorato si propone di studiare la valorizzazione dei sottoprodotti del carciofo (foglie,
steli e brattee) come ingredienti per la produzione di alimenti lattiero-caseari funzionali. La ricerca comprende la
caratterizzazione delle foglie, degli steli e delle brattee attraverso analisi chimico-fisiche. L'obiettivo finale ¢ la
produzione e ottimizzazione di un alimento lattiero-caseario fortificato, lo yogurt, con potenziali benefici per la
salute umana, attraverso la valutazione delle sue caratteristiche reologiche, del profilo sensoriale, del suo contenuto
in fibre e delle sue proprieta antiossidanti.

1. State-of-the-Art

The artichoke (Cynara cardunculus subsp. scolymus) is a natural source of minerals, fiber, inulin, and polyphenols
(Rizzo et al., 2019). The artichoke crop in the world contributes significantly to the Mediterranean agricultural
economy, where more than 60% of the world's production of this vegetable and generates an high quantity of by-
products. In 2017, 1.505.328 t of artichoke where harvested worldwide. Overall, artichoke by-products from the
canning industry (leaves, outer bracts and stems) represent a high amount of waste material, about 80% of the
plant’s total biomass, generating 1.204.262 t/year of by-products.

In recent years there has been a growing demand for the use of waste products both to reduce environmental
pollution, and to produce fortified foods that are beneficial for human health.

Many studies have focused on the use artichoke waste as an alternative feed for dairy production with a potentially
improved nutritional profile (Monllor et al., 2020). Dairy is the first Italian food sector and represents more 12%
of the total turnover of national food. This sector shows a strong innovative capacity, in fact, most of the recent
research is based on the direct addition of agricultural wastes into dairy products (Soleimanian et al., 2021; Iriondo-
DeHond, et al., 2018).

Furthermore, proteases represent the most important and commercialized class of enzymes in the world due to
their coagulating capacity in milk. The coagulation of milk by enzymatic action is an essential step in the
production of dairy products. The food industry can search for these enzymes not only from animal and bacterial
sources but also from plant sources, such as the artichoke, by-products.

Recent studies have evaluated the feasibility of fortifying Greek yogurt with a new ingredient consisting of food
waste powder of various plant origin. The yogurts were analyzed using rheological and chemical-physical analysis,
including whey release, water retention capacity, firmness, flow and viscoelastic properties, protein content,
available lysine, and antioxidant activity (Osorio-Arias et al., 2020).

Several studies have also highlighted the ability of inulin, present in artichoke by-products, to increase the
consistency and compactness of the yogurt without affecting the gelling process (Wang et al., 2019).

Thus, this PhD thesis project will be based on the use of artichoke waste to fortify a dairy product, the yogurt. At
present the preliminary chemical characterization and the study of the proteolytic activity of leaves, stems, and
bracts, (Silva, et al., 2021) has been performed. Moreover, the fiber content of three artichoke by-product has been
calculated (Total Dietary Fiber Assay Kit, Megazyme®) and the phenolic content and antioxidant activity is going
to be obtained.
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2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above this PhD thesis project can be subdivided into the following activities

according to the Gantt diagram given in Table 1:

Al) Bibliographic research

A2) Characterization of freeze-dried artichoke (leaves, stems, bracts) by physicochemical analysis: total
protein, fiber content, proteolytic activity, polyphenol oxidase activity, phenolic content characterization.

A3) Development of a yogurt from whole ovine milk fortified with artichoke by-products: choice of the
fortification level and optimization of the process variables.

A4) Characterization of the fortified yogurts: chemical-physical and sensory analysis will be performed both
for validating optimisation steps and to characterise these functional foods. The analyses will include the
evaluation of syneresis and water holding capacity; proteolysis; rheological and textural properties, color
evaluation and sensory characteristics; volatile compounds analysis

A5) Writing and Editing of the PhD thesis, scientific papers and oral and/or poster communications.

Table 1 Gantt diagram for this PhD thesis project.
Activity ———— Months

Al) |Bibliographic research

Characterization of freeze-dried
A2) l|artichoke

Development of a yogurt from whole
ovine milk fortified with artichoke
A3) |by-products

Characterization of the fortified
A4) lyogurts

Ab5) [Thesis and Paper Preparation
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Eco-design tool development for sustainability optimization in food
production systems and food waste reduction

Andrea Casson (andrea.casson@unimi.it)
Department of Food, Environmental and Nutritional Sciences — DeFENS, Via Celoria, 2 Milano (ltaly),
Tutor: Prof. Riccardo Guidetti

This PhD research project aims at developing an eco-design tool based on Life Cycle Assessment methodology to
allow food systems have a reliable resource when approaching to sustainability. The project wants to identify the
most appropriate model to evaluate accurately the eco profile of selected food productions and provide a user
friendly and strategic decision-making tool for businesses.

Sviluppo di strumenti di eco-design per I'ottimizzazione della sostenibilita nei sistemi
di produzione alimentare e la riduzione degli sprechi alimentari

Questo progetto di ricerca di dottorato mira a sviluppare uno strumento di eco-design basato sulla metodologia di
valutazione del ciclo di vita per consentire ai sistemi alimentari di disporre di una risorsa affidabile in ambito di
sostenibilita. Il progetto vuole identificare il modello piu appropriato per valutare con precisione il profilo
ecologico di produzioni alimentari selezionate e fornire uno strumento decisionale di facile utilizzo e strategico
per le aziende.

1. State-of-the-Art

The food supply chain is one of the main contributors to several pressing environmental problems such as climate
change, eutrophication, and biodiversity loss (EEA, 2018), aiming to a sustainable food system is therefore a
priority.

To reach a sustainable food system, is fundamental the cooperation of all the actors involved in the supply chain,
from the cultivation step, through production and transformation ones also including the use and consumption
phase, and not neglecting the waste management processes.

To monitor and then reduce environmental impact along the food supply chain it is fundamental to use recognized
and validated methodologies. In this context, the Life Cycle Assessment (LCA) can provide the response
representing a scientific method internationally recognised (ISO, 2021a and 1SO, 2021b) that allows to assess
environmental impacts through a rigid methodology and can help to design and increase sustainability in the
food supply chain (Colley et al., 2020).

The LCA methodology is identified as a means of achieve a more sustainable food system, but at the same time,
significant issues concerning its use emerge.

On the one hand, food supply chain stakeholders argue that the rules, the models, the descriptions of the inputs
required for a LCA, and the interpretation of the results are too difficult to define, identify and understand. As a
result, they only hire professional analysts to assist them in understanding the system and applying LCAs to
identify all potential sources of uncertainty in the model's output and to use the LCA model effectively and
responsibly in any decision-making process (Cucurachi et al., 2022). On the other hand, LCA tools are
increasingly being used to provide decision makers with quantitative evaluations of the decisions they make
throughout the lifecycle of their products, systems, or services. However, the current generation of tools or is (i)
aimed for specialists or users with extensive experience in industrial and environmental operations (Borrion et
al., 2019) or (ii) represent well-publicized open-source solutions lacking scientific foundations that can only
undermine the system and do not serve as a support tool for environmental management.

The preliminary results of an ongoing bibliographic and commercial review project revealed that there are
currently more than 100 tools available that can be used in the food chain, with 35% of them completely free,
43% require registration to access the tool, and the remaining 20% require a subscription. Solely 91 percent of
these tools analyse only farm or field activities (with only 26 percent analysing the meat and dairy industry),
while only 9 percent present a solution that analyses the entire chain from farm to consumer. More than 70% of
the tools only provide results related to the carbon footprint, whereas less than 30% of the tools provide a
comprehensive and complete study of the system's environmental impacts.

It is also evident that there is a substantial heterogeneity among the LCA tools proposed by the market in fact,
even if they offer a solution to monitor agricultural and field operations, they do not respect common LCA
methodologies and some of these are obsolete or do not offer a complete picture of the resulting environmental
impacts from the activities analysed. To interface with the largest number of operators in the agri-food chain, it is
essential to work in the direction of simplifying the LCA analysis, moving from methodologies that may seem
complex to tools that reduce the possibility of making mistakes and guide the user throughout the process. of
analysis. however, it is essential not to stop only at field / breeding operations, even if these lead to the evaluation
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of the environmental impacts of most of the food raw materials, one should go beyond what are the current
boundaries analysing the processes of transformation, packaging and quantifying the potential food waste along
the supply chain to create a new generation of LCA tools.

This PhD program aims at offering a concrete solution to the problems listed above, to create a set of tools that are
based on scientific criteria and are reliable and recognized throughout the supply chain, capable to be used by the
greater number of operators in the food chain starting from the grower / breeder up to the distributor.

2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above this PhD thesis project can be subdivided into the following activities

according to the Gantt diagram given in Table 1:

Al) Critical analysis of LCA tools to identify strengths and weaknesses in terms of (i) application field, (ii)
food systems evaluated, and (iii) methodological approaches underlying the different tools (A 1.1).
Moreover, the same analysis will help in the identification of food production chains whit high necessity to
monitor the system.

Milestones: the ranking of the tools and the identification of two food chains to be analysed.

A2) Development of eco-design tool for two production chains. From the results of activities Al strengths
and weaknesses points of the different tools identified and analysed will be considered. Guidelines and
recognised procedures will be used to give to the tool developed a robust structure for both mathematical
and statistical aspects. The activity will require different steps: execution of the full LCA study of the
system identified (A 2.1), simplification of the assessment procedure (A 2.2) and the creation of a tool (A
2.3).

Milestone: the final version of the (beta version) eco-design tool.

A3) Validation of the tool developed via statistical analysis to obtain reliable and recognised tool. In this
activity the tool will be stressed using different data to check the output. Moreover, the tool can be
statistically compared with the reference LCA study to identify its compliance, variability factors, and
criticisms. Finally, once the tool has been validated, it can be compared with some of the tools identified
and analysed (A1) to quantify the variability range among the available tools.

Milestone: the validation of the created tool.

A4) PhD project management activities. PhD thesis, scientific papers, and oral and/or poster communications

preparation.

Table 1. Gantt diagram
Activities

Critical analysis of LCA tools to identify
strengths and weaknesses

1. Identification of methodological strengths and
weaknesses of the different tools
Development of eco-design tool for two
production chains

1. Execution of the full LCA study

Al

2. Simplification of the assessment procedure

3. Eco-design tool development

Validation of the tool developed via
statistical approach

1. Test using different data of different origin

2. Comparison with with full LCA studies and
other tools

A3

A4 PhD project management activities
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Bio-sustainable technologies to produce raw materials and food products
with improved physico-chemical, nutritional and safety properties

Miriam Chiodetti (miriam.chiodetti@unipr.it)
Food and Drug Department, University of Parma, Parma, Italy
Tutor: Prof. Eleonora Carini

The objective of this PhD project is the application of bio-sustainable treatments, such as germination and
fermentation, to improve the quality of cereals and legumes. The nutritional, physico-chemical and safety
properties of cereals and legumes could be improved by the enzymatic modifications brought about by these
treatments. This would favour their application in the production of leavened breads of high nutritional and
functional quality.

Trattamenti biosostenibili per produrre prodotti lavorati e semilavorati dal migliorato
valore qualitativo

Lo scopo di questo progetto di dottorato ¢ I’applicazione di trattamenti bio-sostenibili, come la germinazione e la
fermentazione, per migliorare la qualita di cereali e legumi. Le proprieta nutrizionali, chimico-fisiche e di sicurezza
di cereali e legumi potrebbero essere migliorate grazie alle modifiche enzimatiche apportate da questi trattamenti.
Cio favorirebbe la loro applicazione nella produzione di pani lievitati arricchiti dall’elevata qualita nutrizionale e
funzionale.

1. State-of-the-Art

Sprouting and fermentation treatments can potentially improve the nutritional and functional profile of cereals and
legumes (Nkhata et al., 2018). They are treatments well perceived by consumers demanding healthy and bio-
processed foods (Diez-Ozaeta and Astiazaran, 2022; Lemmens et al., 2019). Indeed, the trend of eating foods
containing sprouted and fermented cereals has increased in recent years (Olaerts and Courtin, 2018). Worldwide,
cereals and legumes are essential dietary ingredients and important sources of macronutrients, micronutrients,
phytochemicals, as well as anti-nutritional factors (ANFs) (Nkhata et al., 2018). Fermentation and sprouting are
biochemical processes mediated by exogenous microbial and endogenous enzymes, respectively. The changes
brought about by these treatments usually involve the breakdown of structural matrices and the hydrolysis of some
of their components. Sprouting and fermentation make nutrients and phytochemicals freer and more accessible to
digestive enzymes. As a consequence, starch and proteins improve their digestibility, the minerals and bioactive
compounds are released and ANFs are reduced (Lemmens et al., 2019). Moreover, sprouting and fermentation can
also increase sensory quality and, in the case of fermentation, ensure safety and extend the shelf life of food
products (Nkhata et al., 2018).

The use of sprouted and/or fermented cereals and legumes in leavened bread formulations could be an effective
strategy to increase the nutritional value of a worldwide consumed food. However, an excessive enzymatic activity
after sprouting has sometimes been found to negatively affect the physico-chemical properties of the doughs and
the resultant baking performance. This make the use of sprouted grains for bakery products more challenging
(Olaerts and Courtin, 2018). On the other hand, fermentation has sometimes shown positive effects on the
technological performances of fermented grains, showing an improvement in flours baking capacity, especially if
the fermented flours were added as sourdoughs (Garrido-Galand et al., 2021).

Nevertheless, the technological quality of flours should not be limited to the sensory aspect of the fresh product,
but also to its quality over time. In fact, during shelf-life, the quality losses due to bread staling are the cause of
considerable product waste worldwide. The major contributors to bread staling are amylopectin retrogradation,
starch-gluten interactions and water redistribution at different structural levels within bread phases and bread
polymers (Fadda et al., 2014). Sprouting and fermentation could affect the bread staling process. In fact, some
studies have reported a positive effect of the use of sourdough starters and the activities of a-amylase and other
enzymes, as they can modify the structure of starch and proteins and thus influence the rate of amylopectin
retrogradation and water redistribution. In addition, hydrocolloids of microbial origin could stabilise the dough,
influence changes in moisture content during storage and crust structure (Fadda et al., 2014). However, detailed
studies on the shelf-life of enriched breads and the effect of fermentation and germination on bread ripening are
not available, although assessing bread staling is a fundamental issue when high-quality products are pursued.
Therefore, the aim of this PhD project is to study the quality of breads enriched with fermented and sprouted
sorghum (Sorghum bicolor (L.) Moench) and chickpea (Cicer arietinum L.) flours, as well as the staling
mechanisms characterizing their products. The applicability of sprouted and fermented sorghum and chickpea
flours in bread formulation will be evaluated by physico-chemical, structural, rheological, and thermal analyses of
flours, doughs, and breads, in order to define the best conditions for producing breads with higher nutritional and
functional properties.
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2. PhD Thesis Objectives and Milestones

According to the objectives mentioned above, this PhD project can be divided into different activities as shown in

the Gantt chart in Table 1:

Al) Cereals and legumes fermentation. Fermentation of cereals/legumes by highly functional LAB strains
(high proteolytic activity, EPS production, aromas production) (Al.1) and characterization of the
functional properties of the fermented flours (A1.2).

A2) Development of high-quality bread enriched with fermented cereals/legumes. Assessment of the best
way to add fermented flours to the bread formulation (e.g., dry flour, sourdough) (A2.1) and evaluation
of the effect of fermented grains on bread staling (7 days of storage) (A2.2).

A3) Cereals and legumes sprouting. Evaluation of different sprouting conditions on the functional (A3.1)
and nutritional (A3.2) properties of legumes/cereals flours.

A4) Development of high-quality bread enriched with sprouted flours. Assessment of the effect of the
percentage of addition (10-20-30%) of sprouted grains on bread quality and staling (7 days of storage)
(A4.1) and evaluation of the effect of flours different particle size on bread sensory quality (A4.2).

A5) Writing and Editing of the PhD thesis, and publication of scientific papers.

Table 1 Gantt chart about this PhD project.

Activity Months

1/2]3[4(5[6[7|8]9]10|11|12|13|14]15]|16|17|18]19]|20|21|22|23|24

Al) |Cereals and legumes fermentation

1) LAB strains fermentation

2) Functional properties

A2) |Development of high-quality bread

1) Different addition methods

2) Bread staling study

A3) |Cereal and legumes sprouting

1) Nutritional properties

2) Functional properties

A4) |Development of high-quality bread

1) Percentage of addition

2) Effect of flour particle size

A5

—

Thesis and papers preparation

ﬁ
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Non-conventional Inactivated Yeasts and Tannins: evaluation of their
Impact on the chemical, physical and sensorial characteristics of wines

Valentina Civa (valentina.civa@unifi.it)
Dpt. of Agriculture, Food, Environment and Forestry (DAGRI) - University of Florence
Tutor: Prof. Paola Domizio

This PhD thesis research project is aimed at characterizing and evaluating non-conventional inactivated yeasts and
tannins, as novel biotechnological tools for the production of low chemical input yet stable wines.

Lieviti inattivati non-convenzionali e tannini alternativi: valutazione del loro impatto
sulle caratteristiche chimico-fisiche e sensoriali dei vini

Questo progetto di tesi di dottorato mira a caratterizzare e valutare lieviti non convenzionali inattivati e tannini
alternativi come strumenti innovativi per la produzione di vini a basso input chimico ma stabili.

1. State-of-the-Art

Microbiological and physical-chemical stability of wine is normally obtained through enological processing
aids and additives. Sulfur dioxide, due to its antioxidant and antimicrobial properties, is the most commonly
utilized additive, and it is added at different stages of the production process. However, because its well
documented toxic effect on sensitive individuals and the greater attention of consumers towards minimally
processed wine and “natural “additives, its replacement with harmless compounds is of great interest for the
wine industry.

An oenological practice that allows to protect wine from oxidation and to improve its stability is the aging on
lees. However, permanence on yeast lees is time consuming and may be risky, since it may facilitate the
production of sulfur compounds and wine spoilage. Thus, the utilization of inactivated dry yeast (IDY), that
mimic the effect of yeast lees, seems therefore much more convenient. Indeed, IDY are characterized by cell
components, such as glycoproteins, that may positively impact on a range of wine features such as the protein
and tartaric stability, reduction of astringency and bitterness, increase in viscosity and stability of the foam of
sparkling wines. Other components are glutathione and small sulfur-cointaining compounds able to protect wine
from oxidation. While all that has been clearly demonstrated for yeast derivatives obtained from Saccharomyces
cerevisiae, much less is known on the inactive non-Saccharomyces yeasts and their utilization in winemaking.
On the other hand, non-Saccharomyces yeasts are currently proposed as biotechnological tools for the
achievement of specific oenological objectives and commercialized in pure or mixed cultures with S. cerevisiae
due to their biocontrol activity in pre-fermentative stages and during wine conservation, the release of
polysaccharides able to protect wine from protein haze and their general impact on wine quality.

Besides IDY, tannins represent other interesting and “greener” enological coadjuvants, able to promote wine
stability mainly because of their antioxidant properties. In this context, tannins extracted from pomegranate
peels have been recently shown to have interesting antioxidant properties. However, the only types of tannin
allowed in oenology are at the moment those extracted from grape skins, grape seeds, chestnut and oak wood,
guebracho and galls. Tannins obtained from alternative botanical sources such as fruit/agri-food waste are not
allowed (RESOLUTION OIV-OENO 613-2019).

2. PhD Thesis Objectives and Milestones

Based on the observation above reported, with this PhD thesis project we aim to characterize and to evaluate
inactivated non-Saccharomyces yeasts and pomegranate peels tannins on the wine stability at different stages
of winemaking.

The activities can be subdivided according to the following Gantt diagram (Table 1):

Al)
1.  Selection of non-Saccharomyces yeasts based on specific capacities (i.e. colloidal stability,
antioxidant activity)
2. Production of inactivated non-Saccharomyces yeasts
3. Evaluation of their effect on wine stability, with particular attention on protein stability
and antioxidant properties

A2)

1. Extraction process optimization of tannins from pomegranate peels
2. Evaluation of their effect on wine stability, with particular attention on antioxidant
activity and protection of the colour;
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A3) Evaluation of the combined action of non-Saccharomyces yeast derivatives and pomegranate

tannins on the stability of wines at different stages of winemaking;

A4) Optimisation of the processes to determine the main parameters necessary for an industrial scale.
A5) Writing and Editing of the PhD thesis, scientific papers and oral and/or poster communications.

Table 1 Gantt diagram for this PhD thesis project.

Activity ———————— Months 1(2(3[4|5|6|7[8]9|10|11(12(13|14|15|16|17|18|19(20|21(22|23| 24
Al) |Non-conventional yeasts w

1) Screening

2) Optimization biomass production
inactivation processes

3) Test on model wine and real wine

A2) |Allrnative Tannins 0

1) Extraction process optimization

2) Test on model wine and real wine
A3) [Evaluation of the interaction
between selected IDY and alternative
tannins

A4) |Process Optimisation for industrial
application

Ab) [Thesis and Paper Preparation
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Strategies to increase the sustainability of plant-based proteins

Fatma Dadi (fatma.dadi@unicatt.it)
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Cattolica del Sacro Cuore, Italy
Tutor: Prof. Giorgia Spigno

The main aim of this PhD project is to develop agri-food chains for the production of plant-based proteins more
sustainable compared to the products currently available on the market. The aim will be persecuted following
different strategies including the selection of raw materials, the application of different agricultural practices, the
optimisation of production processes and the valorisation of the generated by-products. Proteins will be mainly
extracted from conventional alternative protein sources, such as soy and pea seeds, but also from non-conventional
sources, such as corn germ and oil seed cakes.

Strategie per aumentare la sostenibilita delle proteine di origine vegetale

L'obiettivo principale di questo progetto di dottorato & sviluppare filiere agroalimentari per la produzione di
proteine di origine vegetale pit sostenibili rispetto ai prodotti attualmente disponibili sul mercato. L'obiettivo sara
perseguito seguendo diverse strategie che includono la selezione delle materie prime, l'applicazione di diverse
pratiche agricole, I'ottimizzazione dei processi produttivi e la valorizzazione dei sottoprodotti generati. Le proteine
saranno estratte principalmente da fonti proteiche alternative convenzionali, come soia e pisello, ma anche da
fonti non convenzionali, come germe di mais e panelli di semi oleosi.

1. State-of-the-Art

In the past decade, the number of people following a vegan/vegetarian lifestyle has increased significantly. This is
due to the fact that more people are becoming aware of the environmental impact associated to a diet rich in animal
products.

The livestock sector’s need for natural resources, such as land, water and energy, is increasing and this sector has
a severe environmental impact on air, water and soill. These impacts arise from various emissions into the
environment as well as from the consumption of resources associated with production processes (Djekic 1,2015 ;
Lopez-Ridaura et al, 2009).

Even though enormously developed in the last years, the plant-based protein industry is still in its infancy and
destined to continuously grow in the next decades. The United Nations have indicated that food is a key contributor
to climate change and global warming, and moving more toward plant-based proteins can significantly reduce an
individual's carbon footprint.

Soy protein from soybeans, historically identified in the Asian region, is considered an important food source to
meet protein demand for the human body (Rizzo et al., 2018). Soybean flour can contain up to more than 40%
protein and protein concentrates or isolates (with typically more than 70 and 90% protein content, respectively)
can be obtained through appropriate extraction processes.

Pea protein is relatively similar to soy protein in terms of its production methods but with protein quality, structure,
and functionality can be highly different and peas are naturally low in fat but rich in starch, thus a defatting step is
not necessary but high amounts of starchy residues are generated (Gwiazda et al., 1979).

Pea flour is typically 20-30 percent protein, depending on the starting protein content of the whole peas (Tian et
al., 1999; Tulbek et al., 2016). Pea protein concentrate can potentially be produced also just through dry milling
but hardly achieving more than 60 % protein, while production of pea protein isolate (more than 90% protein
content) requires a specific extraction process, similar to what done for soy proteins (Arntfield and Maskus, 2011;
Pelgrom, 2015).

Sustainability of plant-based proteins still needs to be carefully assessed, especially when the production of meat
analogues is considered. In fact, as mentioned above, proteins need to be extracted using conventional extraction
processes that require a large use of energy, water and sometimes also chemicals. The environmental impact of
such processes needs to be improved working on selection of high protein varieties, of low environmental impact
agricultural practices, evaluation and implementation of innovative more eco-friendly extraction processes and a
full valorisation of the fibre, fatty or starchy residues that are generated from the extraction processes.
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2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above, the following research activities are planned:

1) Selection of different pea and soy varieties characterised by a high protein content and characterisation
for overall chemical composition.

2)  Selection of specific pea and/or soy varieties and evaluation of the influence of the year and/or
agricultural practice (conservative agriculture versus conventional one) on protein content and quality.

3) Application of an improved conventional extraction process (with an alkaline extraction step followed
by an isoelectric precipitation step) in terms of reduced use of water and chemicals and valorisation of
solid and liquid residues for agricultural, feed and food applications.

4)  Application of alternative extraction processes based on the use of pulsed-electric-field pre-treatments.

5) Evaluation of the influence of points 1, 2 and 4 on the extraction yield and on the technological
functionality of the extracted proteins (for example gelling and emulsifying properties).

6) Evaluation of LCA for some of the protein products / processes developed.

7)  Writing and Editing of the PhD thesis, scientific papers and oral and/or poster communications.
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Shelf-life modelling as a strategic tool to validate sustainable
food/packaging solutions: the case of coffee

Federica De Agostini (federica.deagostini@unimi.it)
DeFENS, Department of Food, Environmental and Nutritional Sciences, University of Milan, MILAN, Italy
Tutor: Prof. Sara Limbo

This PhD thesis research project is aimed at creating a shelf-life predictive model that can supply the necessity of
finding the right trade-off between the environmental sustainability and the physical-technical performances of
new and sustainable packaging materials for a specific food product. Shelf-life models based on gas permeability
(02/COy) and water vapour transmission through flexible packaging will be developed and validated with coffee
powder as a case study. The relationships between the sensitivity of coffee to gas and vapour, the packaging
characteristics and the environmental conditions will be examined to provide useful insights in eco-design process
of sustainable packaging solutions. The ultimate purpose is to implement shelf-life estimation in LCA studies, thus
including both direct (production, processing, and end-of-life) and indirect (food loss and waste) packaging
environmental impacts. In this way, a scientifically validated decision-making tool will be made available to food
companies that are facing the green revolution and the ecological transition.

La modellazione della shelf-life come strumento strategico per validare nuove soluzioni
di packaging sostenibili: il caso del caffe

Questo progetto di ricerca di tesi di dottorato mira a creare un modello predittivo di shelf-life in grado di trovare
il giusto compromesso tra la sostenibilita ambientale e le prestazioni fisiche di materiali di imballaggio nuovi e
sostenibili per un prodotto alimentare specifico. | modelli di shelf-life basati sulla permeabilita ai gas (02/CO5) e
sulla trasmissione del vapore acqueo attraverso imballaggi flessibili saranno sviluppati e convalidati usando caffe
in polvere come caso studio. Verranno esaminate le relazioni tra la sensibilitd del caffée a gas e vapori, le
caratteristiche dell'imballaggio e le condizioni ambientali per fornire utili approfondimenti nel processo di eco-
progettazione di soluzioni di packaging sostenibili. Lo scopo finale & quello di implementare la stima della shelf-
life negli studi di LCA, includendo sia gli impatti ambientali diretti (produzione, lavorazione e fine vita) che
indiretti (perdita di cibo e rifiuti). In questo modo, uno strumento decisionale scientificamente convalidato sara
messo a disposizione delle aziende alimentari che stanno affrontando la rivoluzione verde e la transizione
ecologica.

1. State-of-the-Art

The challenge that the food packaging industry has faced in the last few years is the transition from traditional,
performing but not recyclable materials to new and more sustainable packaging solutions. Replacing one material
with another requires considerable effort, including verifying that the new material preserves the quality of the
food during the primary and secondary shelf life. For coffee, be it in beans or ground, the traditionally used
packaging are multi-layer solutions with high barrier properties composed by PET/Aluminum foil/PE or PP
/Aluminum foil/PE, for example. The element that mainly limits the recyclability of these multilayer structures is
the presence of materials difficult to separate and recycle. Its elimination must necessarily be compensated by the
adoption of solutions capable of avoiding major physical-chemical changes that may compromise the quality and
acceptability of the coffee. Aroma volatilization, carbon dioxide release, surface oil migration, water vapor
absorption, oxidation reactions are only a few of the decay reactions that coffee undergoes during its storage, with
consequent sensory variations that limit its acceptability (Manzocco and Lagazio, 2009). Therefore, a complete
shelf-life evaluation model for packed coffee should be an interesting decision-making tool that can allow the
prediction of the overall quality according to the specific characteristics of the packaging (i.e. shape and size), the
materials (i.e. barrier performance) and the environment (i.e. oxygen, humidity and temperature). This kind of
model may ideally integrate, one global quality parameter evolution, impact of headspace gases composition on
this global quality evolution and consumer acceptability (Coffigniez et al., 2021). In the case of coffee, such full
shelf-life models integrating the three components are poor in the literature due to the complexity of their
implementation and the difficulties in their validation (Anese et al., 2006). From the environmental point of view,
a packaging development team in the food industry has also to consider the environmental impact that the new
packaging solution has from production until the end-of-life. There are three main aspects to achieve the
sustainability of food packaging: reducing CO; emission, choosing energy-efficient processes, and improving the
waste management level keeping the attention on the food quality and the shelf-life extension to reduce food waste
(Peelman et al., 2013). As the food packaging is a wide field with multiple environmental aspects to consider,
conducting an LCA is the best way to calculate the overall environmental impact of a food product and its
packaging solution (Molina-Besch et al., 2019).
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2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above this PhD thesis project can be subdivided into the following activities
according to the Gantt diagram given in Table 1:

Al) Characterization of new packaging solutions in terms of mechanical, geometrical and barrier properties
(Tasks 1.1 and 1.2). An in depth analysis of the aroma scalping and permeation properties of new recycle materials
will be also carried out (Task 1.3).

A2) Development and validation of a shelf-life (SL) model for packed roasted coffee: based on the state-of
the-art and literature research on shelf-life models done in the previous months, experiments devoted to the
definition and/or validation of critical quality indicators and acceptability limits of coffee will be arranged (Task
2.1). Accelerated SL tests will be organized to model the temperature dependence of both coffee and materials’
permeability (Task 2.2). A shelf-life model that integrates the global quality parameter evolution, the gas
exchanges on the global quality, the packaging and materials features, the consumer acceptability, will be
developed and validated (Tasks 2.3 and 2.4).

A3) Evaluation of the environmental assessment of the packed coffee chain to carry out complete LCA studies
including both direct and indirect impacts of the packaging solutions, organizing interviews and questionnaires
both for consumers and companies to validate the new decision-making tool (Task 3.1).

A4) Scientific Coordination between the research group, the Company and the research supervisor through
meetings and updates.

Ab5) Writing and Editing of the PhD thesis, scientific papers and oral and/or poster communications.

Table 1 Gantt diagram for this PhD thesis project (considering the last 24 months).

Activity Month | 1| 2| 3| 4]5]|6[7] 8] 9[10{11|12]|13]|14|15[{16[17]|18] 19| 20{21[22( 23| 24

Al) |Characterization of new packaging
solutions

1.1) New recyclable packaging
materials characterization

1.2) Study of packaging materials
barrier features as function of T and
RH

1.3) Study of aroma scalping and
permeation of new materials

A2) [Shelf-Life Modelling A I I O A
2.1) Definition of critical attributes of
coffee and their acceptability limits
2.2) Setting-up of accelerated SL tests
as function of temperature

2.3) Development of a SL model
based on packaging-food interactions
2.4) Validation tests

A3) |Evaluation of the environmental
assessment

3.1) LCA studies implementing direct
and indirect effects of packaging

3.2) Validation of the decision-
making tool

A4) |Scientific coordination

Ab) |Thesis and Paper Preparation
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Engineering of bioaerogels as key ingredients in the development of
functional foods to deliver health through diet

Lorenzo De Berardinis (deberardinis.lorenzo@spes.uniud.it)
Department of Agricultural, Food, Environmental and Animal Sciences, University of Udine, Udine, Italy
Tutor: Prof. Lara Manzocco

This Ph.D. research project aims at exploiting the peculiar characteristics of innovative porous food-grade
materials, called bioaerogels, in the development of foods with tailored health-related functionalities. In particular,
bioaerogels will be used to develop: (i) delivery systems able to protect bioactives through the gastrointestinal
tract; (ii) fat replacers rich in unsaturated fatty acids, able to mimic the technological functions of traditional
saturated hard fats; (iii) lighting ingredients, able to incorporate air in food formulations, thus leading to caloric
density reduction.

Ingegnerizzazione di bioaerogels come ingredienti chiave nello sviluppo di alimenti
funzionali per migliorare la salute attraverso la dieta

Questo progetto di dottorato di ricerca prevede di sfruttare le peculiari caratteristiche di innovativi materiali porosi
per uso alimentare, chiamati bioaerogels, nello sviluppo di alimenti con funzionalita specifiche per la salute. In
particolare, i bioaerogels saranno utilizzati per sviluppare (i) sistemi di veicolazione per proteggere composti
bioattivi attraverso il tratto gastrointestinale; (ii) sostituti di grassi ricchi in acidi grassi polinsaturi capaci di mimare
le funzionalita tecnologiche dei tradizionali grassi saturi concreti; (iii) ingredienti sfruttabili nell’alleggerimento
degli alimenti, capaci di incorporare aria nelle formulazioni alimentari, riducendo la densita calorica.

1. State-of-the-Art

The development of “functional foods”, i.e., foods that, beyond basic nutrition, provide documented health
benefits allowing the improvement of the population's well-being and the prevention/management of chronic
diseases, has attracted large attention in the last years. The strategies for the development of functional foods can
be classified as follows: (i) enrichment, i.e., the addition of foods with healthy compounds which are delivered
and protected through the gastrointestinal tract (e.g., vitamins, minerals, antioxidants); (ii) replacement, referring
to the substitution of unhealthy components (e.g., saturated fatty acids) with healthier ones (e.g., unsaturated fatty
acids); (iii) clearing or lighting, based on caloric density reduction and/or removal or reduction of unhealthy
components (e.g., salt, sugar, fats). An ideal functional ingredient should be thus not only efficient in increasing
food healthy profile, but also versatile in terms of both technological functionalities and applicability in different
matrices, environmentally sustainable, and cheap. In this regard, bioaerogels could represent optimal highly
innovative candidates for the development of functional ingredients.

Bioaerogels are food-grade materials characterized by high porosity (70.0-99.8%), low density (0.0003-0.5
g/cm?®), and high surface area (50-1200 m?/g), produced by removing a solvent from a biopolymeric gel with a
proper technique (most commonly freeze-drying and supercritical CO, drying) (Garcia-Gonzalez et al., 2019). By
using different molds and gelation conditions bioaerogels of countless formats, shapes, sizes, and textures can be
obtained. Up to now the research on food applications of bioaerogels is still pioneering and very limited
information on the performances of aerogels in real food matrices is reported. Nevertheless, the results reported in
the literature support the promising role of bioaerogels as functional food ingredients. In particular, the high
absorptive internal surface of bioaerogels has been exploited to load high amounts of bioactives, which were
effectively protected during processing, storage, and digestion by the aerogel polymeric network (Ubeyitogullari
& Ciftci, 2019). Bioaerogels have been also exploited to prepare fat-replacers as they can absorb large amounts of
liquid oil begetting semi-solid systems with structural properties comparable to those of traditional saturated fats
(Plazzotta et al., 2021). Finally, bioaerogels might be added to foods to incorporate air with a remarkable energy
intake reduction. Air incorporation has also been demonstrated to be an efficient strategy to emphasize the
perception of aromas and tastes such as salty and sweet. Although the potential role of bioaerogels in reducing
food salt and sugar content, no studies on these aspects have been reported to date.

Bioaerogels can be made of polysaccharides, proteins, or their combination. In the case of proteins, animal
ones (gelatin, collagen, diary, and egg white proteins) are the most used for aerogel preparation, while the use of
plant proteins is limited to a few studies relevant to potato proteins (patatins) and zein (Andlinger et al., 2021;
Santos-Rosales et al., 2019). This is due to the poor gelling capacity of vegetable proteins as compared to animal
ones, which hinders the possibility of obtaining a solid network able to withstand the conversion from hydrogel to
aerogel. However, the possibility of exploiting vegetable proteins in the preparation of bioaerogels would offer a
range of advantages: (i) plant proteins are more sustainable than animal ones in terms of greenhouse gas emissions
and water consumption, very attractive in the context of the expected “plant-protein transition”; (ii) plant proteins
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are increasingly demanded by consumers that follow specific dietary regimes (e.g., vegans, vegetarians); (iii) plant
proteins are of great nutritional interest as a source of bioactive peptides.
Based on these considerations, the present Ph.D. project aims at filling the knowledge gaps in food applications of
bioaerogels to enable their application as functional food ingredients delivering health through diet. To this aim,
based on the literature research conducted during the first months, the activities have been organized in two main
research themes, which will be articulated over the 2 years PhD programme as shown in Table 1:
1. Development of bioaerogels based on plant proteins. To this aim, the activities will be characterized by:
- Identification of possible sources of vegetable proteins, including the waste streams of vegetable
processing industries. In this regard, samples will be directly collected from selected food industries.
- Assessment of the gelling capacity of the selected proteins under different conditions in terms of pH,
antisolvents, temperature, ionic strength, and their combination. In this step, rheological measurement
and differential scanning calorimetry will be crucial techniques to study the gelling properties of the
samples,
- Conversion of selected plant gels based on their rheological properties, into aerogels using freeze-drying
and supercritical-CO; drying and characterization of the physical properties (e.g., mechanical properties,
BET, SEM, capacity of entrapping air or absorbing food liquids) of the obtained aerogels.
2. Use of bioaerogels as functional ingredients in real food matrices. To this aim, the research activities will
be focused on:
- Evaluation of bioaerogels compatibility with model food systems. In particular, the effect of solvents
with different polarities on bioaerogel structure and integrity will be evaluated.
- Identification of strategies to control surface porosity with the aim of protecting loaded bioactives during
food processing, storage, and digestion, and increasing air incorporation.
- Development of functional food prototypes by using bioaerogels as functional ingredients to deliver
specific compounds. In this phase, the technological performances of bioaerogels will be evaluated by
comparing the physical and sensory properties of reformulated foods with those of standard control
samples.
- The nutritional effect of reformulation will be evaluated in-depth. To this aim, proper methodologies
will be used to assess food nutritional functionality, including in vitro digestibility assays and cell culture
models.

Table 1. Gantt diagram for this Ph.D. thesis project.
Months

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

. . | N| M | 1| ©f ~| o o
Activity

1. Development of bioaerogels based on plant
proteins

a. ldentification of protein sources

c. Assessment of protein gelling capacity

d. Aerogel production and characterization

2. Use of bioaerogels as functional ingredients in
real food matrices

b. Evaluation of bioaerogels compatibility with food
¢. Development of strategies to control aerogel
porosity

c. Prototyping foods containing bioaerogels

d. Assessment of nutritional functionality

Mobility period

Bibliographic research

Paper preparation

Thesis development
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Enzyme biotechnology to recovery byproducts from agricultural and food
wastes

Ester De Martino (ester.demartino@unina.it)
Dept. of Agricultural Sciences, University of Napoli, Federico I, Portici, Italy
Tutor: Prof. Prospero Di Pierro

This PhD thesis research project is configured as an industrial doctorate funded by the National Operational
Programme (NOP) on Research and Innovation 2014-2020 "Action IV.5 - "Doctoral Programmes on Green topics”
and aims to develop and standardize extraction processes by using assisted enzymatic extraction for the recovery
of byproducts from waste generated in agri-food production and processing. In particular, enzymatic processes
and the functionalities of the different byproducts obtained through the disassembling-reassembling strategy will
be tested on a laboratory scale and then transferred on a pilot scale to the company (Euronut Spa) involved in the
project.

Biotecnologie enzimatiche nel recupero di byproducts da scarti agroalimentari

Questo progetto di tesi di dottorato si configura come un dottorato industriale finanziato nell’ambito della misura
PON “Ricerca e Innovazione” 2014-2020” Azione IV.5 — “Dottorati di ricerca su tematiche Green” e mira a
sviluppare e standardizzare processi di estrazione utilizzando 1’estrazione enzimatica assistita per il recupero di
byproducts da scarti delle produzioni e trasformazioni agroalimentari. In particolare, processi enzimatici e le
funzionalita dei diversi byproducts ottenuti attraverso la strategia del disassemblaggio-riassemblaggio verranno
testati in scala di laboratorio per poi essere trasferiti su scala pilota nell’azienda (Euronut Spa) coinvolta nel
progetto.

1. State-of-the-Art

The impending environmental crisis has made us participants in the greatest global battle: the one for our planet.
The challenge in which each of us is called to take part affects all sectors of the economy in a transversal manner,
which goes from linear to circular but it does not mean that the currency, the market or consumer goods have
changed, rather that every substance previously considered "waste" now takes on a new value, re-entering a new
production cycle as a by-product.

Circular economy criteria have wide application in the agro-food sector and, thanks to the macro and microscopic
characterization of by-products that come from processing waste of the supply chain, it is possible to highlight the
presence of any nutraceutical substance in them in order to offer to the consumer a new functional commercial
product. The nutritional aspect, however, is not the only one to take into consideration; in fact, through these
applications, it is possible to insert the resulting material in the formulation of biofuels, to extract molecules, which
could be used in cosmetics or as ingredient in nutraceutical food, in new packaging methods, all thanks to
biotechnologies. Among them, the one that goes out the best result is the applied enzymology that perfectly meets
the green criteria as demonstrated by Ara et al. (2013) who found useful glycoside hydrolases (GHs) to extract
flavonoids, an important class of antioxidants. Also Rodriguez-Colina et al. (2013) found several advantages in
using an enzymatic approach to obtain GOS (galactooligosaccharides) which promote the formation of a bifidus
microbiota in the intestine of milk-fed babies. In the field of vegetal matrices and extraction of substances from
them, Milosevic et al. (2022) compared the conventional and the enzymatic strategy to extract pectin from
butternut squash, actually there were several advantages in pectin extraction with enzymatic strategy: higher
solubility of the fiber, bigger phenolic acid content, better antioxidant capacity.

In this way it is therefore possible to reduce waste and improve the approach to consumption, creating a true and
environmental awareness in the consumer, who becomes a key player in the production and recovery processes.
Enzymatic biotechnologies are an important tool for pursuing, through an interdisciplinary approach, the
objectives of sustainable and eco-compatible development by the isolation of the principal macro elements:
polysaccharides, lipids, proteins (as said by OECD -Organization for Economic Cooperation and Development).

2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above this PhD thesis project can be subdivided into the following activities

according to the Gantt diagram given in Table 1:

Al) Individuation of agri-food wastes proximate composition analysis (moisture, ash, lipid, protein and
carbohydrate contents) of samples (A1.1), choice of the best residues through the evaluation of the best cost-
benefit ratio (Al.2).

A2) Choice of the best enzymatic strategy to disassembling the selected wastes by testing different hydrolases
(protease, carbohydrase, lipase, etc) and standardize the main operating variables (pH, T, liquid-solid ratio,
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enzyme substrate ratio) to obtain the best byproduct yields (A2.1). The obtained byproducts will be
characterized for their physico-chemical properties (z-potential, size, solubility, hydrolysis index,
hydrophobic index) (A2.2) and technological properties (solubility, water and oil holding capacity, foaming
and emulsion ability) (A2.3).

A3) Scaling- up of enzymatic process to obtain byproducts in the pilot plant scale to validate the processes
parameter identified during activity A2

A4) Use of byproducts to assess their use as food ingredient (A4.1) food additives, (A4.2) and feed formulation
(A4.3).

A5) Writing and Editing of the PhD thesis, scientific papers and oral and/or poster communications.

Table 1 Gantt diagram for this PhD thesis project.

Activity 1(2(3]4]5|6]7[8[9]10(11{12|13]|14|15|16|17|18(19|20|21|22|23|24
Al) |Individuation of agri-food wastes

1) Proximate composition analysis
2) Choice of the best residues

A2) |Choice of the best enzymatic strategy-.-.
1) Enzymatic assay

2) Physico-chemical properties
3) Technological properties

A3) |Scaling-up of enzymatic process
A4) |Use of Byproducts

1) Food ingredient

2) Food additives

3) Feed improvement

Ab5) [Thesis and Paper Preparation
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Impact of different filtration processes on genetic traceability of
monovarietal wines
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Department of Agricultural, Forest and Food Sciences, University of Turin, Italy
Tutor: Prof. Luca Rolle

Nowadays wine production is changing all the agri-food sector in an economic and environmental way. In fact,
the development of new methodologies and new techniques to reduce the environmental impact of some
oenological phases and also to improve traceability in this field is becoming more and more important. One of the
aims of this PhD thesis is to evaluate how different filtration techniques and filtration’s adjuvants, could impact
on wine genetic traceability.

L'impatto di diversi processi di filtrazione sulla tracciabilita genetica dei vini
monovarietali

Oggigiorno la produzione del vino sta cambiando ’intero settore agroalimentare, sia da un punto di vista
economico che ambientale. Lo sviluppo di nuove metodologie e nuove tecniche diventa cosi sempre pill importante
per ridurre I’impatto a livello ambientale del processo enologico e per migliorare la tracciabilita di filiera. Uno
degli obbiettivi del dottorato € quello di valutare come diverse tecniche di filtrazione ed alcuni coadiuvanti possono
impattare sulla tracciabilita genetica dei vini.

1. State-Of-The-Art

The wine production has an increasing impact on the world’s economy. This makes wine subject to fraud and
manipulations, that can occur in many forms, to increase quality and to modify some characteristics (Versari et al.,
2014).

The quality of wine depends from different factors: winemaking process, agricultural practices, and the area, but
also is very important the grape variety. Grapevine varieties can influence not only wine quality parameters, but it
has an impact on the price and on the market placement, especially for the Designation of Origin (DO) wines. For
this reason, the knowledge of the chemical, aromatic and phenolic profile of a grapevine variety and the ability to
track the entire winemaking process is fundamental to ensure the quality, the authenticity and the typicity of the
final product (Pereira et al., 2011).

Legislative guidelines and instrumental techniques are used to avoid frauds and to trace the product, particularly
linking wine’s composition to the grape’s characteristics through the study of chemical, physical and sensorial
parameters, like anthocyanin and sensory profile. This kind of analysis are usually expensive both under an
economic and time point of view. Moreover, those parameters are too much influenced by agricultural and cellar
practises and they can result inaccurate (Pereira et al., 2012; Villano et al., 2017). For this reason, in the last few
years the attention is moving to a genetic approach, based on DNA analysis. Today grapevine’s DNA can be
extract from every part of a plant, but this process is more complex when it is related to musts and wines. Indeed,
these two products undergo some oenological operations like clarify, adjuvant addition or filtration processes that
can reduce DNA availability (Boccacci et al., 2020; Gambino et al., 2022).

With the aims of improve the sustainability of the wine making process, understand the impact of genetic
traceability in the supply chain and have a varietal characterization of some grapevine varieties, one of the purposes
is to evaluate how different filtration methods and filtration’s adjuvants, usually used in the wine making activities,
could impact on DNA’s traceability of monovarietal wines.

2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above this PhD thesis project can be subdivided into the following

gctivities according to the Gantt diagram given in Table 1:

Al) Investigation on the genetic traceability and on the impact of some filtration methods and adjuvants on
some monovarietal wine’s DNA, performing in a laboratory scale different filtration technique (Al.1),
sampling for analytical analysis and for DNA extraction (A1.2).

A2) Improve sustainability in the wine making process through the reduction of use of some adjuvants and
coadjuvants such as sulphur dioxide (A2.1) and the application of new technologies to improve wine chain
sustainability (A2.2).
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A3) Varietal characterization of some grapevine varieties, particularly the ones used for monovarietal D.O.
wines production, to understand their characters and tipicity through experimental microvinifications (A3.1)
and the study of phenolic and aromatic profile, with chemical characterizations, analytical determinations
(A3.2) and sensorial activities (A3.3).

A4) Writing and Editing of the PhD thesis, scientific papers and oral and/or poster communications.

Table 1. Gantt diagram for this PhD thesis project

Period Year 1 Year 2 Year 3

Activity 1 10[11(12|1|2(3]|4|5|6|7|8|9 [10[11]12
Al. Genetic traceability

1. Filtration technigues

2. Sampling & DNA analysis
A2. New metodologies for

improve sustainability

1. Reduction of SO2

2. Application new

technologies

A3. Varietal characterization

1. Microvinifications

2. Analytical determinations

3. Sensorial activities
A4. Writing and editing
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Health-promoting whey protein-derived peptides in functional foodstuff

Giulia Di Filippo (difilippo.giulia@spes.uniud.it)
Dept. of AgriFood, Environmental and Animal Sciences, University of Udine, Udine, Italy
Tutor: Prof.ssa Nadia Innocente

This PhD thesis research project is aimed to develop enzymatic hydrolysis processes of whey proteins to obtain
bioactive peptides with tailored functionalities for application in functional foodstuff. The characterization of whey
protein hydrolysates and the enrichment of the bioactive peptides with enhanced functionalities will be assessed.
The final objective is therefore to design a functional food added in whey-derived bioactive peptides and to
determine the preservation of bioactivity and bioaccessibility throughout food formulation, processing, storage
and, ultimately, in vitro digestion.

Impiego di peptidi bioattivi ottenuti dall’idrolisi delle proteine del siero in alimenti
funzionali

Il presente progetto di ricerca si propone di sviluppare un processo di idrolisi enzimatica delle proteine del siero
per I’ottenimento di peptidi bioattivi con funzionalita personalizzate per 1’applicazione in alimenti funzionali. Gli
idrolizzati di proteine del siero verranno caratterizzati e sara valutato 1’arricchimento di peptidi bioattivi con
valorizzate proprieta funzionali. L’obiettivo finale sara quindi la progettazione di un alimento funzionale con
I’aggiunta di peptidi bioattivi da proteine del siero e la determinazione del mantenimento della bioattivita e
bioaccessibilita durante la formulazione, la trasformazione, lo stoccaggio ed infine la digestione in vitro.

1. State-of-the-Art

In the last decades, consumer demand for functional foods has increased, because of their health-promoting
beneficial activities and the risk reduction for both curable and chronic diseases. In this context, food and
nutraceutical industries have focused the attention on bioactive peptides. These molecules are fragments of
proteins consisting of 2 to 20 amino acids residues that are encrypted in the parent protein in an inactive form.
Bioactive peptides are involved in many regulatory and modulatory processes in the human body associated with
anti-hypertensive, antioxidant, immunomodulatory, antimicrobial and many other activities. To perform their
specific and independent functions, bioactive peptides need to be released from the native protein sequences
through hydrolysis, microbial fermentation, or enzymatic digestion (Pihlanto-Leppal&, 2000).

Among these possible strategies, enzymatic hydrolysis is the most common adopted technique to produce bioactive
peptides. Furthermore, targeted bioactive peptides can be obtained by adequately designing and optimizing the
hydrolysis process parameters, such as choice of the enzyme, enzyme/substrate ratio and reaction time,
temperature, and pH (Hinnenkamp and Ismail, 2021). Also, pre-treatment of proteins, before their exposure to
enzymatic hydrolysis, (e.g. heat, high pressure, pulsed electric field) enhances the refolding of secondary structure
conformation, thus leading to an improved endoprotease access and hydrolysis. This could have an impact on both
technological and bioactive properties (Kumar et al., 2018). However, further studies are necessary to better
understand the effect of different hydrolysis parameters and pre-treatments on the functional and technological
properties of bioactive peptides.

Potentially, all type of proteins found in nature could be sources of bioactive peptides. Among all, whey proteins
are already known in the food industry sector for their high nutritional value and extremely versatile technological
properties. Whey is a high-value by-product of the dairy manufacturing sector and whey derived bioactive peptides
represent a sustainable approach for its revalorization. Moreover, whey-derived bioactive peptides are known to
exert different physiological effects (Dullius et al., 2018). In this respect, the acknowledge antimicrobial activity
of these peptides appears to be particularly interesting in the perspective of their use in foods aiming at a reduction
of food risks.

Compared to the research interest in the development of bioactive peptides-based foods, the application of whey
bioactive peptides in food formulation is still delayed. This is because of a lack of information about chemical
reactions that could occur during food processing and food storage. Additionally, during food formulation, micro
and macro nutrients could easily interact with the numerous reactive and susceptible groups that bioactive peptides
possess, leading to changes in the peptide structure and thus facilitating a change or even depletion of bioactive
properties. However, the mechanisms through which processing, formulation and storage can act on peptide
structure are still not well established (Chakrabarti et al., 2018).

Furthermore, possible changes in peptide conformation could occur as an effect of reactions between gut proteases
and peptides during the digestive process. A major challenge when using whey-derived bioactive peptides as
functional food components is the possible loss of peptide biostability during the gastrointestinal transit. For this
reason, designing delivery systems to encapsulate, protect, deliver bioactives in a controlled and improved
bioaccessible form at the target site is a promising solution (Sun and Udenigwe, 2020).
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In conclusion, future studies should focus on the characterization of the interactions between bioactive peptides
and food components, food processing and storage conditions and biological processes in humans.

2. PhD Thesis Objectives and Milestones

The main objective of this research program is the development of whey protein hydrolysates to be used as
functional food ingredients. To this aim, bioactive peptides with target functionalities will be produced through a
scalable and efficient hydrolysis process and then characterized in terms of biological and functional properties.
Within this purpose the main steps of the research will be:
1) Set up of different methods to produce whey protein hydrolysates enriched with bioactive peptides.
2) Characterization of whey protein hydrolysates in terms of degree of hydrolysis, molecular weight profile,
and targeted functional and biological activities as a function of the hydrolysis process.
3) Development of functional foods containing whey protein hydrolysates.
Within the overall objective mentioned above, this PhD thesis project can be subdivided into the following
activities according to the Gantt diagram (Table 1):
Al) Characterization of enzyme cleavage patterns to determine the degree of hydrolysis (Al.1), the peptides
profile by RP-HPLC and SDS-PAGE (Al.2) and to identify peptides sequences by mass spectrometry (A1.3).
A2) Assessment of whey protein hydrolysates’ properties in terms of functional properties (e.g. solubility,
gelation, emulsifying and foaming capacity, viscosity) (A2.1) and in vitro possible bioactivities (e.g. anti-
hypertensive property, antimicrobial and antioxidant activities, immunomodulatory effects, ...) (A2.2).
A3) Bioactive peptides enrichment through set-up of molecular weight cut-off membrane filtration process.
A4) Functional foods design trough the selection of possible food targets (yogurt, fermented milk, plant-based
beverages) (A4.1), the identification of a suitable delivery systems (e.g. liposome, nanoemulsion,
microemulsion) (A4.2), the evaluation of physicochemical and sensory characteristics of whey protein
hydrolysates-added food (A4.3) and the determination of peptides bioactivity preservation during processing,
shelf-life and in vitro digestion of functional foods (A4.4).
A5) Writing and Editing of the PhD thesis, scientific papers and oral and/or poster communications.

Table 1 Gantt diagram for this PhD thesis project.

Activity / Months 1/2|3]4|5|6|7[8]9]10{11|12|13|14|15|16(17|18]19|20|21|22|23|24
Characterization of whey protein
Al)hydrolysates

1) Assessment of hydrolysis degree
2) Identification of peptides profile

3) Mass spectrometry analysis
Assessment of whey protein
A2)|hydrolysates’ properties

1) Evaluation of functional properties
2) in vitro bioactivities assessment
A3)|Bioactive peptides enrichment

A4)|Functional foods design

1) Selection of food target

2) Selection of delivery systems

3) Development of peptides-added foods
4) Assessment of peptides bioactivity
preservation in foods

A5)[Thesis and Paper Preparation [T TP PP P P PP e e e
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Use of vegetable by-products for the formulation and study of foods with
high health value and to prolong their shelf-life
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Foggia, Italy
Tutor: Prof.ssa la Gatta

This PhD thesis research project is aimed at using vegetable by-products as ingredient in the formulation of foods
with high health value and at evaluating their shelf-life, according to a sustainable and circular economy for the
agro-alimentary production chain.

Utilizzo di sottoprodotti vegetali per la formulazione e lo studio di alimenti ad elevato
valore salutistico e per il prolungamento della shelf-life

Il progetto di questa tesi di dottorato mira all’utilizzo di sottoprodotti vegetali da aggiungere, come ingredienti,
nella formulazione di alimenti al fine di incrementarne il valore salutistico e condurre studi al fine di valutarne
I’impatto sulla shelf-life, nell’ottica di un’economia circolare e sostenibile per la filiera agro-alimentare.

1. State-of-the-Art

Over the years, the amount of food waste has increased, with constant losses through the supply chain and losses
of water, lands and energy. The management of this situation has become a concern for governments due to their
impact on economy and environment. Generally, the food waste is brought to landfills and incinerated, used as
animal feed or used for biofuels, biogas or biofertilizers. As per the FAO (Food and Agriculture Organization of
the United Nations) vegetable wastes have created a significant higher “carbon footprint”; it estimated that one
third of food products are either wasted or lost and total value of the waste is up to US$1 trillion (Ben-Othman,
2020).

Food by-products are generated by industries and includes dairy products, cereal, fish processing, meat processing
and fruit and vegetable by-products. These last types of waste are around 40-50% of total discards, but they have
a huge potential of being recycled because they are sources of bioactive compounds that include fiber, pectin,
phenolic acid, carotenoids, enzymes, pigments, vitamins and aromatic compounds. The waste from fruit and
vegetable can be in form of peel, pulp, seeds, crop, leaf, stem, root or tubers, depending on raw materials and
industrial process. They can be easily used to add foods additional properties, like the antioxidant or antimicrobial
activity, enhancing their functional and nutritional properties (Dilucia, 2020; Ganesh, 2022; Ben-Othman, 2020;
Melini, 2020).

In this project, the stabilization of vegetable by-products will be headed through a new physical, non-thermal,
under patenting process that permit to obtain new ingredients with high health value without the utilization of
chemical solvents. This kind of process will allow a reduction of energetical and environmental costs and the
obtaining of nutraceutical, more stable resources from vegetable, even when they are not available due to the
seasonality problem.

Thus, this PhD project will be directed to demonstrate the feasibility of vegetable by-products as ingredients or
food preservatives, reducing food waste in agro-food industrial chain. Although, following the “Green curriculum”
of the PhD, the purpose of the project is to use development strategies in the food supply chain according to a
sustainable and circular economy for the agro-alimentary industries. Moreover, the PhD project will be aimed to
understand consumer behavior to buy new foods enriched with the vegetable by-products rich in biocomponents
and/or nutraceutical compounds because during COVID-19 pandemic, the consumer attitude has changed,
showing more attention to healthy and sustainable foods.

2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above this PhD thesis project can be subdivided into the following activities
according to the Gantt diagram given in Table 1:

Al) Stabilization and Characterization of vegetable by-products powders, with the new non-thermal, under
patenting process and selection of vegetable richen in bioactive compound, through chemical and sensorial
analysis.

A2) Formulation and characterization of bakery products, using the powder obtained as new ingredients.
A3) Industrial Scale-up of the bakery products with vegetable by-product, in the pilot plant, as mentioned in
activity A2

A4) Bioavailability and immunoreactivity study of the obtained products, to the Manchester Institute of
Biotecnology.

-75-



PROCEEDINGS OF THE 26™ WORKSHOP ON THE DEVELOPMENTS IN THE UNIVERSITA DEGLI STUDI DI TORINO
ITALIAN PHD RESEARCH ON FOOD SCIENCE, TECHNOLOGY AND BIOTECHNOLOGY ASTI, 19™-215T SEPTEMBER 2022

Ab5) Writing and Editing of the PhD thesis, scientific papers, research project, interdisciplinary works and oral
and/or poster communications.

Table 1 Gantt diagram for this PhD thesis project

N
N
N

Activit
y Months |1[2(3|4]|5|6|7|8 2134
Stabilization and
Characterization of
Al) powders

1) Under patenting
process

2) Chemical and
sensorial analysis
Formulation of bakery
A2) product

A3) Industrial Scale Up
1) Chemical and
sensorial analysis
Immunoreactivity
A4) study

Thesis and Papers
Ab) Preparation
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Sustainable technologies and valorisation of food by-products by the
recovery of bioactive compounds
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University of Padova, Legnaro, Italy
Tutor: Prof. Anna Lante

This PhD project aims to apply green technologies in recovering bioactive compounds from food by-products in
order to develop functional food, and ingredients. In addition, the combined impact of green technologies and
natural compounds to increase the quality and sustainability of food products will be studied.

Tecnologie sostenibili e valorizzazione dei sottoprodotti della filiera alimentare
attraverso il recupero di composti bioattivi

In questo progetto di dottorato verranno utilizzate tecnologie verdi per il recupero di composti bioattivi da
sottoprodotti della filiera alimentare, con I’obiettivo di sviluppare alimenti funzionali ed ingredienti. Inoltre, sara
studiato I'impatto combinato delle tecnologie verdi e dei composti naturali per migliorare la qualita e la sostenibilita
dei prodotti alimentari.

1. State-of-the-Art

Food by-products are a considerable amount of the entire food production, and this share is rising annually. Despite
the drawbacks arising from these by-products, they could be considered low-cost, renewable, and prevalent sources
for extracting natural bioactive compounds (e.g., antioxidants, vitamins, proteins, etc.). The recovery of these
compounds could reduce the economic and environmental influence caused by food waste. Nevertheless, it is
challenging to find an efficient method to fulfil this aim. Since conventional extraction methods may lessen these
high-sensitive components, nonthermal technologies, such as microwave, ultrasound, cold plasma, pulsed electric
field, pressurized liquid, and ohmic heating technology, are more engaging as alternatives. As the temperature is
not the main factor in mild technologies, they require lower energy.

Moreover, they have a lower effect on the loss of sensitive compounds, resulting in better recovery of bioactive
constituents. Several research projects have previously reported that these sustainable methods could cause high
bio-accessibility and stability of these compounds (Ebrahimi & Lante, 2022). Therefore, it could be an excellent
circular economic approach to use the extracts obtained by mild technologies to formulate functional food products
(figure 1) with high nutritional value and quality (Lagana et al., 2022; Tinello & Lante, 2019). Indeed, adding
bioactive compounds to food products could establish a connection between food and health (Difonzo et al., 2020).
Moreover, the combined usage of some green technologies and natural ingredients in producing functional food is
another potential procedure that can increase their quality and safety (Bouzid et al., 2021; Cropotova et al., 2021;
Martin-Garcia et al., 2020).
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Figure 1 Schematic of Bioactive compounds’ recovery and their usage in functional food
UAE: Ultrasound-Assisted Extraction; PLE: Pressurized Liquid Extraction; MW: Microwave; CP: Cold Plasma; PEF: Pulsed
Electric Field; OH: Ohmic Heating.

In addition, the control of polyphenol oxidase (PPO) during the extraction of phenolic compounds is another
crucial issue for maintaining their nutritional attributes since the reaction between PPO and polyphenols gives rise
to their oxidation (Ebrahimi & Lante, 2021). The mild technologies are able to decrease the activity of enzymes
and inhibit the enzymatic browning and degradation of polyphenols (Wang et al., 2021).

In this respect, it is pivotal to research the potential strategies to maximize the recovery and exploitation of
bioactive compounds at low or moderate temperatures and find the best solutions to produce functional food
products with added safety and quality. Accordingly, this PhD thesis will investigate the impact of sustainable
technologies on PPO and recovering bioactive compounds for the valorisation of food by-products.
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2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above, this PhD thesis project can be subdivided into the following
activities according to the Gantt diagram given in Table 1:

Al) Bibliographic research on the state of the art and the main analysis techniques: An overview of the
literature on the topic will be done.

A2) Implementing the trials and optimization of the extraction parameters to reach the sustainability of the
process.

A3) Designing functional food with high quality, safety, and nutritional value.

A4) Writing and Editing the PhD thesis, scientific papers, and oral and/or poster communication.

Table 1 Gantt diagram for this PhD thesis project.

Months

L 718(9]10{11|12|13|14|15|16(17|18|19|20|21|22|23|24
Activity

Al)Bibliographic research

A2)|[Implementing the trials
A3)|Designing functional food
1) Finding the suitable food products

2) Testing the different quality parameters
A4)|Writing Thesis and Papers
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Authentication of hay milk and its dairy products by nuclear magnetic
resonance spectroscopy
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Hay milk is a high quality product that its authenticity needs to be investigated with an innovative approach to
protect both producers and consumers against possible counterfeits. This research project aims to determine the
authenticity of hay milk with two analytical approaches: (1) targeted cyclopropane fatty acids biomarker detection
and quantification and (2) non-targeted fingerprinting in hay milk and milk from cows fed either with maize or
grass silage employing high resolution liquid state *H-NMR (600 MHz) spectroscopy. Furthermore, the tH-NMR
approach for hay milk authenticity will be applied on other dairy products such as cheese, butter, and yoghurt.

Autenticita di Latte Fieno e suoi derivati con spettroscopia di risonanza magnetica
nucleare ad alta risoluzione

Il latte fieno € un prodotto di alta qualita la cui ’autenticita deve essere indagata con un approccio innovativo per
tutelare sia produttori che consumatori da possibili contrafazzioni. Lo scopo di questa ricerca di dottorato € di
determinare [’autenticita del latte fieno sia con un approccio di fingerprinting non-target, che target
sull’identificazione e quantificazione dell’acido grasso ciclopropanico del latte fieno e latte di mucche alimentate
con insilato di mais e di erba con la spettroscopia tH-NMR (600 MHz). Successivamente, 1’approccio del NMR
sara applicato per determinare 1’autenticita dei prodotti di latticini derivati dal latte fieno come formaggio, yoghurt
e burro.

1. State-of-the-Art

Hay milk is produced in South Tyrol, Italy, following traditional alpine practices is protected under the EU
Traditional Specialty Guaranteed quality scheme since 2016. The hay milk comes from the cows that have been
grazed in the alpine pastures and were fed exclusively with unfermented hay and herbs that silage feeding is strictly
prohibited (EU Regulation 2016/ 304). Recent studies showed that hay milk has high nutritional values, higher
concentration of essential fatty acids such as linoleic acid, alfa-linolenic acid, lysine, and putrescine (Van den
Oever et al., 2021).

Cyclopropane fatty acids (CPFAS) have been recently detected in milk and dairy products as a consequence of
silage feeding of the cows that they are released by the bacteria through silage fermentation process (Caligiani et
al., 2016). Therefore, the presence of CPFAs in milk and dairy products have been demonstrated to be a valid
marker for the authentication of Protected Designation of Origin (PDO) cheeses, like Parmigiano Reggiano,
(Caligiani et al., 2016).as well as hay milk (EU Regulation 2016/ 304) where the use of silage in cow feeding is
not allowed.

NMR spectroscopy can be considered as an effective alternative to other conventional analytical technigues such
as chromatography and mass spectroscopy, because it requests minimal sample preparation and short data
acquisition time and hence, it has non-destructive characteristics. Moreover, NMR has considerable advantages
both as a non-targeted technique for screening due to its structure sensitive response of the sample at molecular
level (Le Gall and Colgquhoun, 2003) and simultaneous detection of high number of compounds in complex
matrices like milk (Lamanna et al., 2011). Therefore, NMR spectroscopy can be applied on hay milk authentication
with the detection and quantification of the CPFAs as a biomarker for hay milk and its dairy products (Lolli et al.,
2018) and hence a molecular fingerprinting approach for hay milk authentication.

2. Ph.D. Thesis Objectives and Milestones

The objectives of the present PhD thesis project are following:

« ldentification of CPFAs (dihydrosterculic and lactobacillic acid) with tH-NMR spectroscopy as a bio-
marker for hay milk authentication

According to the 250 NMR spectra of hay and non-hay milk samples analyzed so far, *H-NMR technique provides
very precise chemical information about the cyclopropane ring of the CPFAs, especially the signals of the cis H
atoms of cyclopropane ring with the chemical shifts at between-0.30 and -0.35 ppm, where there is no other
overlapping signal.
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* Non-targeted spectroscopic fingerprinting approach as a rapid and powerful tool for hay milk
authentication

An effective and representative hay milk fingerprinting model is to be established to investigate the conformity of
concerned milk sample as hay milk.

» The assessment of reliability of tH-NMR method in hay milk authentication with compared to gas
chromatography- mass spectroscopy method

The results obtained by *H-NMR analysis will be compared with the results which were previously obtained at
Laimburg Research Centre, collaborator within the HEUMILCH project, by GC-MS method to investigate the
reliability of the NMR technique on hay milk authentication.

 Application of 'H-NMR hay milk authentication method on South Tyrolean dairy products

The *H-NMR fingerprinting will be applied for quality and authenticity assessment of hay milk derived dairy
products such as cheese, butter, and yoghurt which are produced in South Tyrol.

Table 1. Gantt diagram of the present PhD thesis project activities

Activity Months 1(2[3]4]5|6]7[8]9]10(11{12|13]14]|15|16|17]|18(19|20|21|22|23|24
1H-NMR method development for
hay milk authenticity
Al)

Literature review
Preliminary experiments

A2) INMR Analysis

Milk sample lyophilization
2) NMR analysis

A3) [Data Aalysi EEEEEEREREE

1) Spectral data analysis
2) Multivariate data analysis

Assessment of the reliability of tH-
A4) INMR method

1) Comparison of the result with GS-
MS method

Application of tH-NMR method to
Ab5) |other dairy products
AB) [Thesis and Paper Preparation
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Ozone technology for sanitization and product quality in the dairy supply
chain

Vanessa Eramo (vanessa.eramo@unitus.it)
Department for Innovation in Biological, Agro-food and Forest systems, University of Tuscia, Viterbo, Italy
Tutor: Prof. Rinaldo Botondi

This PhD thesis research project aims to develop the use of ozone technology within the dairy supply chain to
control mainly the microbiological proliferation and/or development of parasites and insects, such as mites and
moulds, without altering the normal process of the production of fresh and mature cheeses. The ozone technology
will be use in multiple sectors of the dairy supply chain, as for the sanitization of process water (reuse), following
"green” lines of social, environmental and economic attention. Evaluation of dairy products is expected for the
maintenance of product quality.

La tecnologia dell’ozono per la sanitizzazione e la qualita di prodotto nella filiera di
produzione casearia

Questo progetto di tesi di dottorato mira a mettere a punto 1’uso della tecnologia dell’ozono all’interno della filiera
lattiero — casearia per controllare principalmente la proliferazione microbiologica e/o lo sviluppo di parassiti ed
insetti, quali acari e muffe indesiderate, senza alterare i normali processi di produzione di formaggi freschi e
stagionati. Tale tecnologia sara usata in piu comparti della filiera lattiero - casearia, come per la sanitizzazione
delle acque di processo (riuso), seguendo linee “green”, di attenzione sociale, ambientale ed economica. Si prevede
una valutazione dei prodotti per il mantenimento della qualita di prodotto.

1. State-of-the-Art

In the dairy supply chain, there has been the introduction of innovative techniques over the years, with an
improvement in the art of dairy at instrumental and performance level to meet the challenges of an increasingly
competitive market. Wood is not easy to replace, because the wood essences are important for sensory nuances
typical of each cheese, but it is an ideal environment for microbial colonization and it is at the ripening stage that
the coexistence of traditional and innovative methods is declined in the use of efficient cleaning and sanitizing
materials (Piscopo, 2016). Alternative sanitization technologies include the use of ozone. Ozone (0;) is triatomic
oxygen. It has antimicrobial ability because of its oxidation potential (Genecya et al., 2020). It is in 1996 that, in
Italy, the Ministry of Health recognizes the use of ozone in the treatment of air and water and, in 2010, the National
Committee for Food Safety gives a favorable opinion on the ozonation of cheese maturing chambers (CNSA,
2010). The treatment of wastewater with ozone allows to obtain effluents that can be discharged in natural aquatic
systems (Martins and Quinta-Ferreira, 2010). The use of ozone treatment can result in significant reductions in
counts of microorganisms (Afonso et al., 2022). Mozzarella cheeses cooled with pre-treated water were
characterized by a low microbial load and an increased shelf life (Segat et al., 2013). The shelf life of perishable
dairy products like yoghurt and cheese depends on several factors, such as the degree of sanitation during
packaging. However, in a study with ozone, some sensorial alterations were observed (Alexopoulos et al., 2017).
The implementation of a standardized sensory language seems imperative (Khattab et al., 2019). Recently, it was
studied the effectiveness of air disinfection by ozonation or hydrogen peroxide aerosolization in dairy
environments for food safety and product shelf life (Masotti et al., 2019). The advantages of using ozone in dairy
processing plants include the low environmental impact (Panebianco et al., 2022). We intend to experiment the
use of ozone technology on fresh, semi-aged or aged cheeses, on process water and in other sectors of the dairy
supply chain with a product quality evaluation.

2. PhD Thesis Objectives and Milestones

This PhD thesis project can be subdivided into the following activities according to the Gantt diagram given in
Table 1:

Al) Determination of the optimal doses of ozone, contact times and other treatment variables through the
study of the existing bibliography (A1.1) and through experiments and replicas (Al1.2).

A2) Use of ozone for sanitization in several sectors of the dairy supply chain with on-site application (company
internship) (A2.1) and its monitoring (A2.2).

A3) Analysis of the product quality, microbiological, qualitative (lipid content, dry matter content, moisture and
ash, nitrogen and total protein content, peroxides), technological evaluation (weight loss, texture, colour)
(A3.1) and sensory analysis (A3.2). All data will be statistically evaluated (A3.3).

A4) Study of shelf life of ozonated products;
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Ab) Sustainability assessment with environmental impact (A5.1) and cost analysis (A5.2)
AB6) Writing and Editing of the PhD thesis, scientific papers and oral and/or poster communications.

Table 1 Gantt diagram for this PhD thesis project.

Months |
Activity 1123456 7891(1/1|11|1|1]|1|1(|1]|1|2]|2|2|2|2|2|2|2|2|2]|3|3|3|3|3|3|3
0]1]2|3]4|5(6(7(8(9({0[1[{2|3[4|5[6/7[8]9/0[1|2|3|4|5/6

Al) Treatment variables

1) Bibliography

2) Experiments/replicas
IA2)|Use of ozone

1) On-site application
2) Monitoring

A3

~

Product quality

1) Quality evaluation

2) Sensory analysis

3) Statistical analysis
\A4)|Study of shelf life
IA5)|Sustainability assessment
1)Environmental analysis

2) Cost analysis
IAB)Writing and Editing
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Selection of Next-Generation Probiotics (NGPs) from the gut microbiome of
subjects with different dietary patterns

Alessia Esposito (alessia.esposito4@unina.it)
Dept. Agricultural Science, University of Naples Federico I, Portici (NA), Italy
Tutor: Dr. Francesca De Filippis

The aim of this PhD project is to create a collection of microbial strains isolated from the human gut of individuals
with different diets, promising as Next Generation Probiotics (NGPs). The term Next-Generation Probiotics has
been developed to refer to microbial strains that can have a positive effect on human health, but do not belong to
common probiotic species (e.g., lactic acid bacteria). NGPs are promising for the treatment and prevention of
chronic and degenerative non-communicable diseases (e.g., diabetes). Strains will be characterized at phenotypic
and genomic level and tested for the production of beneficial metabolites.

Selezione di probiotici di nuova generazione dal microbioma umano di individui con
abitudini alimentari diverse

L’obiettivo di questo progetto di dottorato ¢ la creazione ¢ caratterizzazione di una collezione di ceppi microbici
isolati dall’intestino di individui con diete diverse, potenzialmente utilizzabili come probiotici di nuova
generazione (NGPs). Il termine Next-Generation Probiotics é stato coniato per indicare ceppi microbici che
possono esplicare un’azione positiva sulla salute umana, ma che non appartengono a specie comunemente
utilizzate (ad esempio, batteri lattici). Gli NGPs sono promettenti per il trattamento e la prevenzione delle malattie
cronico degenerative. | ceppi saranno caratterizzati a livello fenotipico e genomico e testati per la produzione di
metaboliti benefici.

1. State-of-the-Art

In the last decade, thanks to the development of novel knowledge on the human gut microbiome and its influence
on health, it has been realized that it constitutes an unexplored source of microorganisms with a potential beneficial
role. Therefore, the term Next-Generation Probiotics (NGPs) has been developed to refer to microbial strains that
can have a positive effect on human health, but do not belong to common probiotic species (e.g., lactic acid
bacteria, LAB). NGPs are promising for the treatment and prevention of chronic degenerative diseases. Probiotics
currently available on the market generally belong to a narrow range of microbial species (mostly LAB). However,
recent studies about the importance of the gut microbial commensals on human health highlighted that several
different taxa (e.g., species within Faecalibacterium, Akkermansia, Bacteroides genera) may exert a positive role
on human health (Chang et al., 2019). For this reason, academic and industrial research is focused on identifying
and testing novel microbial strains of gut origin for the development of next-generation probiotics (NGPs). Next-
generation probiotics are microbial taxa that conform to the traditional definition of probiotics, but do not have an
history of use for health promotion. They also fit well within the US Food and Drug Administration (FDA)
definition of a LBP: “a biological product that: (1) contains live organisms, such as bacteria; (2) is applicable to
the prevention, treatment, or cure of a disease or condition of human beings; and (3) is not a vaccine” (O’Toole et
al., 2017). One of the main issues in NGP isolation and culturing is the identification of the best growth medium.

2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above this PhD project can be divided into the following activities,

according to the Gantt diagram given in Table 1:

Al) Literature screening for the identification of most promising taxa

A2) Selection of suitable culture media for the isolation of microbial strains from human gut.

AZ3) Isolation of strains from the human gut of individuals with different diets, potentially promising as NGPs.

A4) Characterization of strains at phenotypic and genomic level and testing for the production of beneficial
metabolites.

Ab) Evaluation of the possibility of industrial scale production (e.g., evaluation of the best storage methods
to preserve strains viability).

AB6) Evaluation of the most promising strains in a mouse model to verify their effect on health and the ability
to modulate the gut microbiome.

A7) Writing and Editing of the PhD thesis, scientific papers and oral and/or poster communications.
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Table 1 Gantt diagram of the PhD project
Activity Months 2 6 8 (10 [12 (14 [16 |18 |20 [22 |24 |26 |28 30 (32 [34 [36
Al) Literature screening

1) Identification of the most promising taxa
and isolation methods

IA2)  [Selection of suitable culture media for the
isolation of strains from the human gut
1) test of culture media with different
formulations in terms of vitamins, minerals
and fatty acids
A3) Isolation of strains from the human gut
IA4)  |Characterization of strains
1) Phenotypic characterization
2) Genomic analysis
3) Beneficial metabolites production (e.g.,
short-chain fatty acids, gamma-aminobutyric|
acid)
IA5)  [Evaluation of the possibility of industrial JJ
scale production |
1) Evaluation of storage methods to preserve
strains viability
A6)  [Mouse model
A7)  [Thesis and Papers Preparation
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Development of strategies for the adaptation of the livestock sector to the
new climate regime with machine learning and artificial intelligence
methods

Chiara Evangelista (chiara.evangelista@unitus.it)
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Tutor: Prof. Giovanni Chillemi

The objectives of this PhD program are aimed at identifying potentially useful strategies to reduce the
environmental impact of the livestock sector. Using innovative technologies available in the field of precision
livestock farming, aimed at improving nutrition management. And also, to identify food strategies (e.g. use of
additives) that can reduce enteric emissions of CH4 from animals.

Sviluppo di strategie per I’adattamento del settore zootecnico al nuovo regime climatico
con metodiche di machine learning ed intelligenza artificiale

Gli obiettivi del presente percorso di dottorato mirano ad individuare delle strategie potenzialmente utili per ridurre
I’impatto ambientale del settore zootecnico. Tramite 1’utilizzo in campo di tecnologie innovative disponibili,
nell’ambito della zootecnia di precisione, volte a migliorare la gestione dell’alimentazione. Ed inoltre individuare
delle strategie alimentari (es. utilizzo di additivi) che possano ridurre emissioni enteriche di CH4 dagli animali.

1. State-of-the-Art

The livestock sector is directly responsible for climate change as it must change the composition of gases in the
atmosphere through GreenHouse Gas emission (GHG), such as methane (CH.), carbon dioxide (CO2), nitrous
oxide (N2O) and ammonia (NHs). GHG emissions from the livestock sector can take place both directly
(fermentation and manure) and speed up (with processing, fertilization, food production, etc.) (Cassandro &
Finocchiaro, 2021). Of the GHGs produced by ruminants CH, is the most impacting because the effect on global
warming is approximately 25 times that of CO, (Cassandro et al., 2013). The quantity of CH,4 produced by animals
is influenced by many factors: species, production level, feed composition, the type of carbohydrates present, the
level of ingestion, the degree of saturation of the lipids presents in the feed, some environmental factors, such as
temperature (McAllister et al., 1996), and genetic factors, such as feed conversion efficiency. The enteric CH4
emission from the livestock sector is equal to 39% of the CH, emissions attributable to animal production, and the
livestock sector is responsible for about 14.5% of the total anthropogenic GHG emissions (Grossi et al., 2019). Al
present, this impact is already important, but is further amplifying in the consequent demand of the growing world-
wide for products of animal origin. The desirable reduction of CH4 emissions would not only be beneficial for the
environment, with the mitigation of the impact, but would lead to more efficient, less impacting, and therefore
more sustainable animals. There is a direct link between the intensity of GHG emissions and the animal efficiency:
the more productive the animal, the lower the environmental impact (per unit of product). Both the quality of
management and the expression of the full genetic potential are necessary to increase the efficiency of production.
Currently, CHs measurement techniques can be divided into direct and indirect (Okpara, 2018). The direct
techniques are based on the use of sulfur hexafluoride (SF6), laser tracer, GreenFeed system and respiratory
chamber, the latter considered the "gold standard”. These techniques are able to measure emissions directly on
animals using special equipment but have various disadvantages such as invasiveness on the animal routine and
the need for animal training (e.g. respiratory chambers), and are also not very applicable on a large scale, for which
are currently useful for research purposes. Indirect quantification methods include prediction equations based on
animal phenotypes (e.g. milk fatty acids, body weight, milk production, dry matter ingestion) (Ellis et al., 2010;
van Engelen et al., 2015). Compared to the direct ones, the latter can be applied on a large scale without interfering
with the animal's routine and without being invasive. Furthermore, thanks to the advent of Precision Livestock
Farming (PLF), today there is an enormous amount of data available on different phenotypic traits of the animal
at an individual level, even if the costs are, for some types, still high. The use of direct methods on a large scale is
inapplicable. Several studies suggest the usefulness of indirect methods for predicting methane emission, including
milk fatty acid profiles and the evaluation of some components of the ration, such as NDF, ADF and lignin (Ellis
et al., 2007; Knapp et al., 2014; Castro-Montoya et al., 2017). With PLF, it is now possible to know directly in the
company the composition of the ration distributed using infrared spectroscopy. It has the advantage of being a
multi-analytical technique that allows to predict multiple parameters at the same time, it is fast, non-destructive,
precise, and economical, compared to other laboratory techniques (Yakubu et al., 2020). This technique could be
adopted at a company level and facilitate self-control analysis, increasing the quality and food safety of animal
products, if the costs of the equipment were even lower and the use of the tools were automatic.

In recent years, infrared spectroscopy is assuming more and more potential because the fields of application on
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which it can be used are expanding. Currently, in the field of precision feeding (PF), portable NIRS instruments
capable of analysing in real time the chemical-physical composition of the unifeed diet intended for animals are
widespread. Knowing these aspects, in real time, allows you to promptly make changes, based on the real dry
matter, to the distributed diet and, consequently, improve food efficiency without compromising the health and
well-being of the animals. Improving food efficiency would lead to a reduction in the intensity of CH4 (e.g. CHa/
kg of milk produced), simply because fewer animals are needed to produce the same amount of milk. According
to Knapp et al. (2014) practices aimed at increasing the quality of the diet showed a potential reduction of enteric
methane of about 5% per unit of corrected milk.

2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above this PhD thesis project can be subdivided into the following activities

according to the Gantt diagram given in Table 1:

Al) Study of the art and framing of the problem: how this sector becomes an actor in the production of GHG,
in particular methane (CHa).

A2) ldentification of a narrower range of wavelengths in the near infrared and apply them in the field
analyses. Firstly, this analysis will be conducted on already available data, applying ML (Machine Learning)
methods to identify the most important wavelengths, to identify the fibrous fractions in the animal feed in a
precise way (NDF, neutral clean fiber; ADF, clean acid fiber; ADL, clean acid lignin). After, a portable
instrument will be applied in the field, and compared with laboratory analyses.

A3) Invivo experimental tests for the evaluation of additives (such as: essential oils, tannins, fats, marine algae,
3-nitroxypropanol (3NOP)) that can be useful to reduce enteric emissions of CHa.

A4) Training abroad. Period abroad for the PhD program.

Ab5) Writing and Editing of the PhD thesis, scientific papers and oral and/or poster communications.

Table 1 Gantt diagram for this PhD thesis project.

Activity Months
Al) [Study of the Art

Study of wavelengths in the near
infrared for the determination of the
A2) |components of animal feed

A3) | In vivo experimental tests

A4) [Training abroad

Ab) [Thesis and paper preparation
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Development of a food-waste derived bioink for sensing applications
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This PhD thesis research project is aimed at formulating the right mixture of natural polymers extracted from food
waste in order to produce a printable hydrogel that can be used as substrate for growing plant cells that can be
make it conductive and attached to a sensor to monitor the plants” health status. In this way it is possible to have a
controlled agriculture and therefore limit food waste.

Sviluppo di un bioinchiostro ottenuto a partire da scarti alimentari per applicazioni
sensoristiche

Questo progetto di tesi di dottorato mira a mettere a punto una formulazione ottimale di un bioinchiostro composto
da polimeri naturali ottenuti a partire da scarti alimentari in modo da ottenere un hydrogel stampabile che possa
essere usato come substrato di crescita per cellule vegetali e che possa essere reso conduttivo per essere poi
collegato ad un sensore in grado di monitorare lo stato di salute della pianta. In questo modo ¢ possibile aver un
tipo di agricoltura controllata e di conseguenza utile per limitare lo spreco alimentare.

1. State-of-the-Art

A new emerging approach to reach the “green” goal in the electronic field is the biological printing. The
bioprinting, in fact, allows to deposit cells in a viscous biomaterial in a precise space thanks to the use of a
computer-aided printer (Jovic et al. 2019). What a bioprinter need is a “bioink” which is composed of a viscous
fluid, an hydrogel or a polymeric solution that can be loaded with cells (animal or plant) because mimics the ideal
environment for cell culture (Montero et al. 2019). Other than polymers, which constitutes the supportive scaffold,
they can contain additives like growth factors or signaling molecules, depending on their function (2). The majority
of these materials can be plant-derived and consequently they can also be extracted from some of the food industry
by-products. They have a great advantage due to their enhanced bioactivity, biocompatibility, biodegradability and
mechanical stability (Yegappan et al. 2018). The main candidates are extracted both from land plants, such as
cellulose, starch, rubber and pectin, but also from marine algae, including alginate, fucoidan, agarose and
carrageenan (Jovic et al. 2019). In addition, these bioinks could be conductive, thanks to the use of nanoparticles
that can be added to the ink’s formulation and this allows to incorporate these materials in sensors. Consequently,
conductive hydrogels can respond to various elements such as temperature, pH, enzymes and also to the presence
of pathogens (Wang et al. 2022). Depending on the type of nanoparticles present in the polymeric network of
hydrogels (also called nanocomposite hydrogels),they can give different properties to the scaffold. For example,
they can became electroconductive, thermally conductive, optically active and mechanically strong (Chakraborty
et al. 2021). Manufacturing hydrogel-based sensors implies more demanding requirements in terms of mechanical
performance, structure, chemical and thermal stability as well as other features because these kind of sensors must
have an increased selectivity and functionality (Sun et al. 2021). One limit that can be found in this new technology,
is given by the poor mechanical strength and biodegradation that can be a restraint for some application (Utech,
Boccaccini, 2016), although, biodegradability is favorable if it is meant for agri-food application.

2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above this PhD thesis project can be subdivided into the following activities
according to the Gantt diagram given in Table 1:

Al) Literature review: research of most recent literature in order to get to the right direction of studies. Start
working in the laboratory: first developing and testing the right bioink formulation and its printability.

A2) Assessment and printability test of the bioink: this test will be performed using a 3D bioprinter with
different nozzles in order to set the right printing parameters.

A3) Testing plant growth in a conductive bioink: at this step semiconductive nanoparticles will be added
to the ink formulation and once the substrate is printed, plant cells will be added in order to see if it’s
suitable for their growth.

A4) Development and testing of a sensor attached to the hydrogel: the sensor will be useful to monitor
the plant growth and specifically the loss of nutrients.

Ab5) Writing and Editing of the PhD thesis, scientific papers and oral and/or poster communications.
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Table 1 Gantt diagram for this PhD thesis project.

Activity Months
Al) |Literature review

A2) |Printability test

1) Rheological characterization
A3) |Plant growth evaluation

1) Conductive bioink

2) Plant seedling

A4) |Sensor development

1) Sensor set up

2) Growth monitoring

Ab) |Thesis and Paper Preparation
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Applications of Cold Atmospheric Plasma as Green Technology for Food
Shelf-life Extension

Gebremedhin Gebremariam Gebremical (gebremedh.gebrimica2@unibo.it)
Dipartimento di Scienze e Tecnologie Agro-Alimentari, Alma Mater Studiorum - Universita di Bologna
Tutor: Prof.ssa Santina Romani
Co-tutor: Dott. Filippo Capelli, Dott.ssa Silvia Tappi, Dott. Romolo Laurita

This PhD thesis research project is aimed to investigate the applications of cold plasma technology on food
preservation and modification and to increase the knowledge of its effects on different food matrices during
production and processing.

Applicazioni del plasma freddo come trattamento green per il prolungamento della
shelf-life degli alimenti

Questo progetto di ricerca di dottorato ha lo scopo di investigare le applicazioni della tecnologia al plasma freddo
sulla conservazione e la stabilita di differenti alimenti, e di aumentare la conoscenza dei suoi effetti su diverse
matrici alimentari durante la loro trasformazione e produzione.

1. State-of-the-Art

Many chemical, biological, thermal and non-thermal food processing have been introduced and applied in the food
industry for preservation and decontamination (Zhang et al., 2019). However most of them are characterized by
various criticality related to food safety and quality: some are not validated and approved by regulatory agencies,
and have issues related to economic feasibility and environmental impact (Picart-Palmade et al., 2019). To address
the existing issues green and non-thermal technologies which is cold plasma (in gaseous form)(Capelli et al., 2021)
and plasma activated water (PAW) are being explored (Laurita et al., 2021).

Plasma (gaseous) is often referred to as the fourth state of matter, after solid, liquid and gas. It is generated by
applying any kind of energy to the gas and that contains wide range of reactive species that can play a key role in
various food applications. Promising results have been obtained in relation to the decontamination/detoxification
of microorganisms, pesticides, food allergens, mycotoxins, and to the functionalization of food components and
shelf-life extension (Luo et al., 2020). However, contrasting results have also been observed in terms of colour
and lipid oxidation (Foligni et al., 2022). Since plasma is mainly considered a very superficial treatment with low
penetration depth, and given the encouraging results obtained on different products, a deeper understanding of
drying efficiency, safety and food property modification is certainly needed. Inconsistencies in the obtained
findings in the literature often result from the lack of process optimization and the use of different types of plasma
devices, application modes, etc., which makes very difficult to compare data. Finally, exposure of the different
products to the reactive species induced by cold plasma can potentially lead to the formation of toxic components.
Currently, there are very few studies evaluating these aspects, which is absolutely necessary for the approval of
cold plasma by governmental agencies. Further research in this direction is strongly recommended.

PAW is generated by exposing water to a plasma discharge that contains reactive species, creating an acidic
environment that leads to changes in the redox potential and conductivity. Its application in the food sector showed
promising results in relation to decontamination and detoxification purposes, and technological and functional
modifications of foods. Moreover, the treatment showed good uniformity and environmental friendliness, proving
to be a valid alternative to the conventional use of chemical and hydrothermal techniques. However, there are
some issues to be addressed such PAW storability, safety of PAW treated food, scale-up and, because of the
complexity of chemistry and process parameters and treatment tailoring in terms of its optimization and validation
for different food products. Therefore, this PhD thesis project will be focused on the deepening the knowledge and
clarifying various aspects of the effect of cold plasma aimed at food preservation and functionalization.
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2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above, this PhD research project can be subdivided into the following
activities, according to the Gantt diagram given in Table 1:

Al) Literature review of previous studies on the application of cold plasma in food (A1.1), properties and types
of plasma (configuration, diagnostic methods and characterisation of plasma) (A1.2);

A2) Application of PAW to modify food starches considering different starch types (waxy maize, normal
maize and potato) and to evaluate the effects of PAW on rheological and pasting (A2.1), structural and thermal
properties (A2.2);

A3) Application of cold plasma for fruit drying with the aim to improve heat and mass transfer, investigating
drying Kinetics (A3.1) and measuring quality parameters (A3.2);

Ab) Application of cold plasma to extend the shelf-life of foods, with objective the main investigating the ability
of cold plasma to preserve foods from spoilage and quality degradation;

A4) Inactivation of microorganisms from food by cold plasma, with the aim of increasing thier biological
safety

A6) Evaluate the safety/toxicity, scalability and environmental impact of cold plasma, contributing to the
approval and acceptance of cold plasma for commercial purposes

A7) Writing and editing of PhD thesis, posters, scientific papers and and oral and/or poster communications

Table 1 Gantt diagram for this PhD thesis project.

Activit Months
Al) [Literature Review

1) Application of Cold Plasma

2) Types and Diagnostic of Plasma

A2) |Application of PAW for Starch

Modification

1) Rhelogical and Pasting

Properties

2) Thermal and Functional

Properties

A3) |Application of Cold Plasma for

fruit Drying

1) Drying Kinetics and Efficiency

2) Quality Evaluations

A4) |Application of Cold Plasma to

Extend Shelf-life of Foods

Ab) |Inactivation of Microorganisms R
Using Cold Plasma

Ab6) |Evaluation of Safety, Scale-up and
Environmental Impact of Cold
Plasma

A7) [Thesis and Paper Preparation | 0 S S S
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Integrated green strategies for the management, recovery and recycling of
waste in a dairy factory

Stefano Gerna (stefano.gerna@unimi.it)
Dept. of Food, Environmental and Nutritional Sciences, University of Milan, Milan, Italy
Tutor: Prof. Luisa Pellegrino

Currently, unsold pasteurized milk cannot re-enter the food chain and is mostly destined to animal feeding, even
though this causes a great depreciation of its value. Among milk components, proteins have unique properties from
both the technological and nutritional point of view. This PhD project aims at developing novel non-food uses of
casein recovered from unsold milk. In particular, it will focus on the development of a casein-based biomaterial
suitable for different applications by modifying casein properties through chemical and enzymatic treatments.
Different approaches will be adopted to obtain a biomaterial having targeted mechanical and thermal properties as
well as good vapor-barrier properties necessary to satisfy minimal standards for real applications.

Strategie sostenibili integrate per la gestione, il recupero e il riciclo dei sottoprodotti in
un’industria lattiero-casearia

Allo stato attuale, il latte invenduto non puo essere reintrodotto nella supply-chain alimentare e viene per la
maggior parte destinato all’alimentazione animale, anche se questo causa una forte svalutazione del prodotto. Tra
i componenti del latte, le proteine possiedono proprieta uniche sia dal punto di vista tecnologico sia dal punto di
vista nutrizionale. Questo progetto di dottorato mira allo sviluppo di nuovi usi non-food della caseina, recuperata
dal latte invenduto. In particolare, si focalizza sulla produzione di un biomateriale casein-based con diverse
applicazioni attraverso la modifica delle proprieta della caseina mediante trattamenti chimici ed enzimatici.
Verranno adottati numerosi approcci per ottenere un biomateriale con mirate proprieta meccaniche e termiche,
come anche proprieta di barriera al vapore, necessarie per soddisfare gli standard minimi per applicazioni reali.

1. State-of-the-Art

Both the increasing consumer awareness of environmental impacts of crop and food production as well as the
current energy crisis have led the food industry to devise more sustainable strategies in manufacturing processes,
packaging technologies and delivering steps of their products. Environmental problems involve many food sectors,
including dairy, which is not exempt from losses and waste. Waste deriving from dairy industries is estimated to
range from 4 to 11 million tons per year and, due to the high organic content, it represents a real threat for the
environment (Ahmad et al., 2019). Most of pasteurized milk is sold through large-scale retail channels and the
amount that remains unsold is downgraded to “Animal by-products: Category 3 materials” (Reg. CE 1069/2009),
no longer suitable for human consumption. This implies a great depreciation of a product that already caused a
high environmental impact due to the production, processing and distribution.

Among milk components, proteins have unique technological properties, due to the open random coil structure of
casein molecules and their ability to form intermolecular interactions. Therefore, the use of milk proteins in non-
food areas is an innovative topic covered by the recent literature (Rebouillant & Ortega-Requena, 2015). Casein
represents the main fraction (80%) of milk protein and it can be recovered with low-impact approaches, like
isoelectric precipitation or rennet coagulation. The former allows to obtain insoluble casein which needs
neutralization with alkali (e.g. NaOH) to obtain soluble caseinates.

These recovery methods allow to use milk casein for biomaterial production. In particular, Sodium caseinate has
been used for film production with advantages and disadvantages. On the one hand it provides a barrier for gases,
good tensile strength and good elongation attributes, but on the other hand it shows a high-water vapor permeability
and does not prevent water diffusion (Daniloski et al., 2021). Chen et al., (2019) reported, among several
advantages, a high level of biodegradability, with reduced environmental impact if compared to the use of synthetic
polymers. It has been demonstrated that casein concentration adopted in film production process affect yield,
thickness, and tensile strength. Data showed a positive correlation of the three parameters when increasing the
concentration of casein up to 9.5% (Sabil et al., 2021).

To improve film properties, some substances may be added. Plasticizers, such as glycerol or polyethylene glycol,
have proven to improve flexibility of the protein network, whereas hydrophobic constituents, like beeswax or oils,
improve water permeability. Different approaches can be used to produce films with Sodium caseinate (Belyamani
et al., 2014). Blown extrusion seems to be a highly efficient process with potential uses at large-scale level.
However, at present, film casting is the most used process in lab-scale studies (Kandasamy et al., 2021). Film
casting involves solubilization of caseinate in water, addition of plasticizers, followed by casting and drying.
Based on this background, the aim of this PhD project will be the definition of modifications and additives
necessary to obtain a casein-based material with suitable performances and setting a green protocol to obtain a
film with reproducible features. As mentioned above, this PhD project is intended to find green, sustainable uses
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for expired milk; since this product is classified as “Animal by-products”, it will not be possible to use the derived
casein-based film directly in contact with food. However, the chemical, mechanical and thermal characterizations
of the modified casein will allow to identify suitable applications for the developed biofilm.

2. PhD Thesis Objectives and Milestones

The activities of this PhD project include five sections corresponding to the relative milestones as shown below
and in the Gantt chart (Table 1):

Al) Casein recovery and modification: casein will be recovered from unsold milk by testing different
approaches. After the recovery phase, a lyophilization process will be adopted to reach the correct amount of
moisture and to produce a homogenous powder that will be used as the main ingredient in the formula of the
biomaterial (A1.1). In order to obtain a matrix with suitable mechanical and physical properties, different
crosslinking approaches will be evaluated, considering physico-chemical and enzymatical ones (A1.2). In the
first case, casein will be exposed to heat, extreme pH values, oxygen or light, while in the latter two different
types of microbial Trans-Glutaminase that catalyze the formation of covalent isopeptide bonds between
glutamine and lysine residues will be evaluated (Raak & Corredig, 2022). A combination of the two
approaches would be also considered.

A2) Characterization of powders: the powders produced in Al will be characterized to define the gross
composition (A2.1) and to validate the modifications carried out to promote crosslinking (A2.2).

A3) Developing the biomaterial: different additives will be tested in the formulation to create a biomaterial with
good filming properties.

A4) Production and characterization of casein-based film: selected casein-based biomaterial with desired
characteristics will be used to produce a film that will be characterized for their structural, mechanical and
thermal properties to define the best application.

Ab5) Writing and Editing: scientific papers, poster or oral communications, and PhD thesis.

Table 1: Gantt chart for the PhD project.

Activitieg months| 11 23| 4]5[6] 78] 9]10(11]12(13]14|15/16]17(18]19({20|21|22(23]|24
Al) Casein recovery and modification
Al.1|Casein recovery and lyophilisation
Al.2|Crosslinking with different approaches
A2) Characterisation of powders
A2.1|Powder characterisation
A2.2|Validating of different crosslinking
A3) Devel oping the biomaterial
Additives behaviour in the biomaterial
A4) Production & characterization of thefilm
Properties investigation
A5) Writing and Editing
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Fermentation of plant by-products by using probiotic microorganisms to
obtain functional foods with potential health benefits
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This PhD thesis research project aims to assess the in vitro effect of fermentation on agri-food by-products, which
can lead to the improvement of functionality and bioactivity, therefore enhancing their biological value to obtain
functional foods. The valorization of by-products represents an interesting and cheaper source of potentially
functional ingredients, while promoting sustainability and circular economy concept.

Fermentazione di sottoprodotti vegetali tramite I’utilizzo di microrganismi probiotici
per ’ottenimento di alimenti funzionali con potenziali benefici sulla salute

Questo progetto di tesi di dottorato mira a valutare I'effetto in vitro della fermentazione di sottoprodotti vegetali,
che puo portare ad un miglioramento del valore biologico per ottenere alimenti funzionali. La valorizzazione dei
sottoprodotti rappresenta una risorsa interessante e poco costosa di ingredienti potenzialmente funzionali,
promuovendo al contempo il concetto di sostenibilita ed economia circolare.

1. State-of-the-Art

Over the last years, a growing consumption of fermented foods has been observed in Western countries, thanks to
their positive health benefits. Currently, numerous fermented foods and beverages are present on the market,
obtained by using a wide range of different raw materials, microorganisms, and procedures. In particular, the
growing number of people with lactose intolerance, the unfavorable cholesterol content of fermented dairy
products and the increasing popular trends such as veganism and vegetarianism, have pushed towards the
development of novel plant-based fermented products. The non-consumed parts of plants are generally originated
from primary agri-food production processes or are discarded by consumers due to their low acceptability. A recent
report from FAO (FAO, 2019) estimated that one-third of edible parts of food is lost or wasted every year. The
agri-food by-products represent an interesting and unexpensive source of added value compounds, such as
peptides, carotenoids, dietary fiber and phenolic compounds; hence it is important to look for valid strategies to
exploit such materials. Therefore, in a context of circular economy, the lactic acid fermentation can be a valid
strategy to exploit and manage by-products as a potential source of low-cost substrates. Lactic acid fermentation
of fruits and vegetable is the oldest method of food bio-preservation. The microorganisms employed in lactic acid
fermentation are lactic acid bacteria (LAB), such as species of the genus Lactobacillus, Leuconostoc, Weisella,
Pediococcus, Streptococcus and Enterococcus, which possess the Generally Recognized As Safe (GRAS) status
and probiotic potential. During food fermentation, the metabolic activity of LAB leads to numerous and significant
changes of the nutritional and functional properties of food, due to transformation of substrates and formation of
bioactive and bioavailable end-products which can have beneficial effects on human health (Cunningham et al.,
2021). These fermented foods, composed of bioactive compounds with demonstrated physiological health benefits
beyond nutritive functions, are defined as functional foods. For example, bioactive peptides formed by LAB
exhibit functional properties such as immunomodulatory, antithrombic and antihypertensive activities. Moreover,
food fermentation enhances the microbial safety and extends the shelf life due to the synthesis of antimicrobial
molecules, such as organic acids, diacetyl, ethanol and bacteriocins. It has been reported that fermented foods have
antioxidant properties, providing protective action against oxidative damage which is involved in chronic diseases.
Functional properties of fermented foods include bioactive peptide production, fibrinolytic activity, degradation
of anti-nutritive compounds, antithrombic and antihypertensive activities, immunomodulation capacity, and
anticarcinogenic ability (Tamang et al., 2016).

2. PhD Thesis Objectives and Milestones

According to the overall objective mentioned above, this PhD project can be subdivided into the following

activities, according to the Gantt diagram given in Table 1:

Al) Screening and determination of suitable plant by-products to be used as substrate for lactic acid
fermentation testing different combination of LAB strains and substrates (A1.2). Evaluation of kinetic of
bacterial growth using different technique (A1.2) and optimization of parameters as temperature and time to
enhance fermentation process (A1.3).

A2) Characterization of fermentation using different methods to detect and analyse nutritional changes (A2.1)
and bioactive compounds produced during fermentation by LAB strains (A2.2).
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A3) Evaluation of physiological benefits with a demonstrated impact on human health using in vitro (A3.1) and
(possibly) in vivo approaches (A3.2).

A4) Production and characterization of novel functional foods and sensorial analysis; evaluation of rheology
properties and consumers acceptance (A4.1).

Ab5) Writing and Editing of the PhD thesis, scientific papers and oral and/or poster communications.

Table 1 Gantt diagram for this PhD thesis project.

Months

1(2|3(4|5|6|7|8]9|10|11|12|13|14|15|16(17(18|19|20(21(22|23|24
Activity

Al) |Sample Collection and Screening

1)Strain/substrate combination

2) Bacterial growth

3)Time/temperature optimization

A2) |Characterization of Fermentation !!

1)Physicochemical evaluation

2)Bioactive compounds

A3) |Functional Health Benefits

1)Antimicrobial activity

2)In vivo functional properties

A4) |Final Product Evaluation

1)Sensorial analysis

Ab) [Thesis and Paper Preparation
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Morphological and genetic characterization of Phaseolus vulgaris and P.
coccineus landraces grown in the Aniene’s Valley and evaluation of
agronomic and nutritional performances of Helianhtus tuberosus accessions
of different geographical origin cultivated in marginal environments

Elena Gramiccia (elena.gramiccia@unitus.it)
Dept. DIBAF, University of Tuscia, Viterbo, Italy
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This Ph.D. thesis research project aimed to valorise the agro-biodiversity and the typical agri-food production of
Aniene’s valley through the characterization and conservation of autochthonous bean landraces, which are now
faced with the danger of extinction. Furthermore, to strengthen the local agricultural system, the present project
aimed to introduce into cultivation in the Aniene’ valley varieties/clones of Jerusalem artichoke (Heliantus
tuberosus), a non-traditional species in this area, but that is often adapted to marginal environments. This species
is a multi-purpose crop used for human food consumption, pharmaceutical applications, and biomass and
bioenergy production.

Caratterizzazione morfologica e genetica delle varieta autoctone di Phaseolus
vulgaris e P. coccineus tipiche della Valle dell’ Aniene e valutazione delle “performances”
agronomiche e nutrizionali di accessioni di diversa origine geografica di Helianthus
tuberosus coltivate in aree marginali

Questo progetto di tesi di dottorato mira a valorizzare la biodiversita e le produzioni agro-alimentari tipiche della
Valle dell’ Aniene attraverso il recupero, caratterizzazione e conservazione delle varieta autoctone di fagioli, che
ora sono a rischio di estinzione. Inoltre, per rafforzare il sistema agricolo locale, il presente progetto ha I’obiettivo
di introdurre in coltivazione nella Valle dell’Aniene varieta/cloni di Helianthus tuberosus, una specie non
tradizionale di questa area, ma che spesso si adatta ad ambienti marginali. Questa specie & considerata una coltura
polivalente utilizzata per il consumo alimentare umano, nel settore farmaceutico e per la produzione di biomassa
e bioenergia.

1. State-of-the-Art

The Aniene Valley, due to its highly natural aspects, orographic conditions and the sustainable management of the
agricultural practices represents a territory particularly suitable for the development and application of activities
for the conservation, characterization and valorisation of the natural and agricultural biodiversity. These activities
are supported by the presence of a protected area, such as the Natural Regional Park of Monti Simbruini. In this
context, the “Casa delle sementi della Valle dell’ Aniene” project (www.arsial.it) is particularly interesting because
aimed, on one hand to develop in situ/on farm and ex-situ conservation strategies of autochthonous genetic
resources of agricultural interest, and on the other hand to valorise the typical agri-food productions, with the
involvement of local farmers. Among the various plant species of agricultural interest, bean landraces play a
significant role in the agricultural ecosystem of the Aniene’s Valley due to their economic, socio-cultural and
landscape-environmental values (Piergiovanni et al., 2006; Alimonti, 2010). In the Regional Voluntary Register
are listed six P. vulgaris and one P. coccineus landraces, still cultivated in the Aniene’s Valley, at high risk of
genetic erosion (wwwe.arsial.it). Although bean landraces are important component of agro-biodiversity in Italy,
few studies have been focused to understand how genetic diversity is structured within a given landrace and how
the natural processes such as selection, genetic drift and migration and the agriculture practices interact to shape
and maintain within- and among-landrace population diversity (Tiranti and Negri, 2007).

In recent years, Jerusalem artichoke (Helianthus tuberosus) has been indicated as suitable and sustainable crop in
marginal areas due to its high adaptability to diverse environments, good freezing and draught tolerance, and high
resistance to pests and plant diseases (Liava et al., 2021). Jerusalem artichoke is a multi-purpose crop used mainly
for human food consumption and diverse pharmaceutical applications, as both above- and underground parts of
the plant contain various chemical constituents such as proteins, glucose, fructose, sucrose and inulin (Liava et al.,
2021; Sawicka et al., 2020). Moreover, this species is considered an emerging energy crop for bioethanol and
biogas production due to its high biomass yield (Rossini et al., 2019). The tubers are rich in inulin, a fructose
polymer, which is used as a prebiotic, fat replacer, sugar replacer, and for the development of functional foods due
to its beneficial role in gastric health (Yang et al., 2015). Tubers, leaves and stems contain several bioactive
compounds, including polyphenols and flavonoids, which confer to their extracts high antioxidant and
antimicrobial activities (Chen et al., 2013; Sawicka et al., 2020).
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2. Ph.D. Thesis Objectives and Milestones

Within the overall objectives mentioned above this Ph.D. thesis project can be subdivided into the following

activities according to the Gantt diagram given below.

Al) Farm census in the Aniene’s Valley where are grown the autochthonous bean landraces and collection of
the seeds (A1.1) to integrate also the activities planned within the “Casa delle sementi” project.

A2) Seed morphological analysis for each collected accession (farm) of the bean landraces according to the
International Board for Plant Genetic Resources (IBPGR) descriptors (A2.1).

A3) The biochemical characterization will concern the analysis of the main seed proteins, phaseolins and
phytohemagglutinins (A3.1), while the genetic characterization will be carried out by using SSR molecular
markers (A3.2).

A4) The agronomic evaluation of H. tuberosus accessions will be performed in two different sites: 1) a mountain
area (Vallepietra, RM), in the Natural Regional Park of Monti Simbruini, in which Jerusalem artichoke has
never been cultivated before; 2) a hillside area where it is noticed that this crop growth well (A4.1). The
chemical and nutraceutical characterization (A4.2) of the tubers and aerial parts of the different accessions
growth in the two different sites will be performed by determining the main bioactive compounds and the
antioxidant and antimicrobial activities of their extracts.

Ab) Writing and Editing of the Ph.D. thesis, scientific papers and oral and/or poster communications.

Table 1 Gantt diagram for this PhD thesis project

Activity ——— Months 112|3]4|5]|6[7[8]9|10{11|12|13|14]15|16(17|18|19|20|21|22|23|24
Farm census
1) Seeds collection
Morphological analysis
A2) |1) Quali-guantitative seed descriptors
according to IBPGR

Biochemical and genetic .III.
A3) [characterization
1) Seeds protein analysis
2) Molecular markers analysis (SSR)
Agronomical, chemical, and
nutraceutical evaluation of different
Helianthus tuberosus accessions
1) Growth of Helianthus tuberosus
accessions in different sites
2) Chemical analysis and antioxidant
activity of tubers and aboveground
(scrap)

Ab5) [Thesis and Paper Preparation HEEEEEEEEEEN | |

Al)

A4)
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Analysis and characterization of Sicilian cereals landraces to destined at
malting and brewing industry

Ignazio Maria Gugino (ignaziomaria.gugino@unipa.it)
Dept. Agricultural, Food and Forest Sciences (SAAF), University of Palermo, Italy
Tutor: Prof. Aldo Todaro

This Ph.D research project aims to provide a comprehensive view of the production of malt from old landraces of
cereals, identifying the varieties that have the best aptitude for malting and evaluating their application in brewing.
The projects aim also to study and to characterize malting conditions that are characterized by high quality, new
sensory profiles, and strong link with the territory.

Analisi e caratterizzazione delle varieta autoctone siciliane di grano e orzo da indirizzare
all’industria del malto e della birra

Questo progetto di ricerca di dottorato si propone di fornire un quadro chiaro e completo della produzione di malto
da antiche varietd autoctone di cereali, individuando pertanto le varietd che hanno la migliore attitudine alla
maltazione e valutandone l'applicazione nella produzione della birra. 1l progetto si propone inoltre, lo studio e la
caratterizzazione di nuovi processi di maltazione al fine di ottenere tipologie di malto che si contraddistinguono
per I’alta qualita, nuovi profili sensoriali € un forte legame con il territorio.

1. State-of-the Art

In the last two decades, in Italy, the constant development of the craft beer sector and the spread of craft breweries
has led to a growing interest in the study of the use of old landraces of cereals for the production of malt and beer.
Despite the fact that Italian beer is known for its great quality, most Italian breweries and microbreweries currently
use foreign ingredients, highlighting that the beer ingredient’s self-sufficiency is the main problem that affects the
Italian beer supply chain.

Therefore, the analysis and characterization of old cereals landraces to be used for malt and beer productions is
the key element to guiding the sector towards sustainable growth that ensure the production of raw materials within
national borders and products innovation. Moreover, the inclusion of old landraces in the beer production process
achieves the European sustainable goals which aims to promote the short supply chain, protect biodiversity,
preserve the soil, reduce transport and emissions with the purpose to increasing the well-being and improving the
health of current and future generations.

Recently there has been a growing interest in the use of unconventional cereals for beer production and some
studies have been carried out on Italian varieties of cereals to evaluate their malting and brewing performance
(Alfeo et al., 2018, 2021; Blsakova et al., 2021; Faltermaier et al., 2014; Mascia et al., 2014). Many old landraces
of wheat showed great aptitude for malt production, furthermore they are all characterized for a high rusticity and
adaptability to the territory which make these cereals the ideal raw materials for the development of organic and
sustainable productions ensuring the reductions of fertilizer and herbicides. Besides the use of these varieties for
the production of malt, there is also a new trend for using some of the old landraces in beer production as an
unmalted supplement to improve sensory and healthy characteristics in beer. About this issue, Mascia et al., 2014
made a comparison between craft beer brewed with the unmalted Italian wheat cultivar Senatore Cappelli and two
other industrial wheat beers, which the results showed a higher polyphenol content and more balanced taste in the
first case.

The Southern Italy, and in particular the Sicily, can be considered a remarkable part in terms of old landraces of
wheat, barley and spelt. The high biodiversity of the Sicilian cereals was ensured during the centuries by various
climatic, altimetric and pedologic conditions, which are the characteristics of the Sicily Island.

In a recent study, Alfeo et al., 2021 investigated the physical and chemical properties of malt obtained from eight
old Sicilian wheat varieties in order to evaluate their suitability in the production of beer. Considering the most
important parameters commonly used to define malt quality, some varieties of common and durum wheat such as
Romano, Maiorca, Bufala nera corta and Bufala lunga corta showed excellent characteristics.

Among the most important parameter for malters and brewers to evaluate the malt quality, these cultivars showed
high value of extract even above 80% db. The malt extract is one of the most important quality parameters for
understanding malt suitability in beer production; it measures the amount of carbohydrates released from malt
during mashing that is related to the grain modification and enzyme activity. Malt extract is also a general indicator
of brewhouse yield and performance. Also the protein content of the majority of these varieties enters in an optimal
range for beer cereals. The protein contents influence the choice of malt in beer production and it is known that
also influence several quality attributes of wort and beer. In particular, the protein content, type and dimensions
direclty influence the filtration during wort production, the wort fermentability, the foam stability and haze in beer
and wort (Faltermaier et al, 2014). Many other quality parameters such as diastatic power, alpha and beta amylase
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content, beta glucan content, Kolbach index, fermentability have values close to the optimal ones for beer cereals.
The quality attributes of malt and beer depend on several morpho-physiological grain parameters like kernel size,
shape, grain hardness, moisture, dormancy, and microbial contamination but also on biochemicals aspect as protein
content, B-glucan, starch (Rani et al., 2021); therefore, understanding the correlation between these aspects is
important in the selection of new malt varieties.

2. PhD Thesis Objectives and Milestones

To achieve the objectives defined by the Ph.D research project, it is planned to carry out the following activities

according to the Gantt diagram given in Table 1:

Al) Analysis of state of the art.

A2) Preliminary evaluation of unmalted wheat and barley landraces will be performed to identify the cultivar
with greater attributes for malting; therefore will be evaluate the morpho-physiological and biochemical
aspects of unmalted grains identifying thus that have a greater attribute for malt production.

A3) Pilot-scale malting trials will be performed in an automatic micro-malting system at the University of
Palermo to better understand each variety's response to the different parameters adopted in the steeping,
germination and kilning phases, thus identifying the better malting program related to the cultivar.

A4) Physico-chemical evaluation of malts and wort through the analysis of the most important quality index
for malters and brewers as the content of extract, total starch, total protein content, soluble protein content,
FAN, Kolbach Index, B-glucan content, diastatic power, a-amylase and -amylase content, p-glucanase
content. The analysis of malt and wort samples will be performed according to the methods of Analytica
European Brewery Convention (EBC).

Ab5) Pilot-scale brewing, physico-chemical and sensory evaluation of beer. The malt with the highest quality
attributes will be tested in beer production that will occur in a microbrewery pilot plant at the University of
Palermo. The physico-chemical aspects of beers will be evaluated and compared with sensory evaluation
performed by trained panelists.

A6) Participation in conferences, preparation of scientific articles and thesis.

Table 1. Gantt diagram for this PhD project.

Activity Months |12 |3 |4 |5|6|7|8|9|10/11|12|13|14|15|16|17|18|19(20|21|22|23|24|25|26|27|28(29(30|31|32|33|34 (35|36

Al)|Analysis of state of the art

Preliminary evaluation of wheat and

A
barley landraces

o

A3)|Pilot-scale malting trials

Ad4) |Physico-chemical evaluation of malts

Pilot-scale brewing, physico-chemical and
sensory evaluation of beer

Participation in conferences, preparation
of scientific articles and thesis

A

o

Al

)
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Use of Wild Edible Plants as Environmental Indicators and as Ingredients
for the Creation of new Functional and Enriched Products

Giuseppe laniri (g.ianiri@studenti.unimol.it)
Dept. Agriculture, Environment and Food Sciences (DIAAA), University of Molise, Italy
Tutor: Prof. Gianfranco Panfili. Co-Tutor: Prof.ssa Alessandra Fratianni, Prof. Pasquale Avino.

This PhD thesis research project aims at identifing edible wild plants to be used both as additional ingredients for
the production of new functional and/or enriched food products and as environmental indicators to assess the level
and type of contamination in a given area.

Uso delle piante selvatiche commestibili come indicatori ambientali e come ingredienti
per la creazione di nuovi prodotti funzionali e arricchiti

Il seguente progetto di ricerca per la tesi di dottorato mira a identificare piante selvatiche commestibili da utilizzare
sia come ingredienti aggiuntivi per la produzione di nuovi prodotti alimentari funzionali e/o arricchiti, sia come
indicatori ambientali per valutare il livello e il tipo di contaminazione presente in una determinata area territoriale.

1. State-of-the-Art

Wild edible plants (WEPs) suitable for human consumption are non-cultivated plants that grow wild in nature.
They play an important role in the prevention and treatment of many diseases. This is possible thanks to the
presence of beneficial molecules, in particular vitamin E, vitamin C, carotenes, xanthophylls, phenolic compounds,
organic acids and minerals, which reduce the risk of developing diseases such as diabetes, cancer, coronary heart
disease and ageing (Petropoulos S.A et al., 2019) . Vitamin E comprises two different classes of molecules;
tocopherols and tocotrienols. Tocopherols exist in nature in multiple sterecisomer forms and in particular as: a-
tocopherol (a-T), B-tocopherol (B-T), y-tocopherol (y-T) and 3-tocopherol (3-T). Tocotrienols also exist in different
stereoisomer forms, the most common being: a-tocotrienol (a-T3), B-tocotrienol (B-T3), y-tocotrienol (y-T3) and
d-tocotrienol (5-T3). Vitamin C, or ascorbic acid, is a water-soluble vitamin with antioxidant properties. Many
works in the literature show that edible wild plants have higher amounts of vitamin C than conventional vegetables.
The main carotenoids present in WEPS are a-carotene, -carotene, lutein and B-cryptoxanthin. a-Carotene and f-
carotene are precursors of vitamin A, also known as retinol. In this respect, the scientific community has
ascertained the function of B-carotene as a precursor to retinol and its role in achieving the recommended total
intake of vitamin A. Xanthophylls act as antioxidant molecules by protecting WEPs from excessive exposure to
sunlight. Finally, polyphenols are a class of compounds with a high antioxidant power and are divided into four
classes: phenolic acids, flavonoids, stilbenoids and lignans. WEPs, therefore, can be regarded as important sources
of bioactive and high-nutrient compounds that are easily accessible and cheap (Luta G et al., 2020). The addition
of WEPs in new food formulations can enable the production of functional and/or enriched foods (Panfili G et al.,
2020). Moreover, the addition of WEPs in regularly consumed food products, such as pasta, biscuits and juices,
can be a healthy and cost-effective strategy to improve the intake of nutrients and bioactive compounds.
Fortification of foods with wild edible plants has not received much attention from the scientific community.
Therefore, it is interesting to study new formulations that allow the production of enriched foods by assessing their
nutritional quality, together with technological and sensory aspects. In recent times, the intensification of
agriculture has led to the widespread use of multiple chemical preparations. Examples are pesticides, herbicides
and other industrial products. These substances are very useful in controlling pests and diseases, but on the other
hand have negative effects on the environment and human health. Classes of molecules such as chlorinated
hydrocarbons, polychlorinated biphenyls, dioxins, furans and heavy metals present in formulations used in
agriculture can be released into the environment resulting in soil and water contamination (Rimayi C et al., 2022).
These molecules known as persistent organic pollutants (POPs) are included in the list of the most toxic agents
called "the dirty dozen" by the Stockholm Convention on POPs. To these contaminants can be added polycyclic
aromatic hydrocarbons (PAHS), which are released into the atmosphere from natural or anthropogenic sources and
can be deposited, carried by atmospheric particles, on soil and plants. Since POPs are highly stable molecules with
an apolar character, they take a long time to decompose and consequently accumulate in the environment. Despite
recent bans on the use of these substances in agriculture, residues of these molecules are still found in plants and
animal tissues, which are the main sources of human exposure. As a result, WEPSs can present very different types
of contaminants and contamination levels depending on the area and the type of emission sources present. Some
authors have used wild edible plants to assess the pollution of a given area and consequently also of the food in
that area (Fismes J et al., 2004). Plants can absorb multiple contaminants from the soil through their roots,
including heavy metals, dioxins and polychlorinated biphenyls. Not only soil, but also outdoor air is a potential
source of contamination for wild plants. In particular, for broad-leaved plants and vegetables, which have large
broad leaves, the latter act as a ‘filter' for the air passing through them, resulting in the accumulation of high-
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diameter particulate matter (Shi J et al., 2017) .1t is therefore possible to use WEPs as environmental indicators of
environmental pollution for a given geographic area.

2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above this PhD thesis project can be subdivided into the following activities

according to the Gantt diagram given in Table 1:

Al) Bibliographic research: work planning and international paper analysis.

AZ2) Identification and classification of the WEPs under study.

A3) Choice and characterization of sampling areas: choice of different sampling arrays to compare relative
contamination levels.

A4) Development of analytical methods: a) Development of analytical methods suitable for the analysis of
contaminant molecules (chlorinated hydrocarbons, polychlorinated biphenyls, dioxins, furans and PAHSs) and
heavy metals in plants. b) Development of analytical methods suitable for the analysis of bioactive molecules
(such as tocols and vitamin C, polyphenols, carotenes and xanthophylls) in plants.

Ab5) Sampling activities: sampling of soil and WEPSs species in different territorial areas.

AB6) Analytical activities:a) analyses for the quantification of bioactive molecules b) analyses for the
determination and quantification of different contaminants.

A7) Study of new food formulations: a) Determination of the quantities and physical state of the WEPs to be
added in the formulation. b) Realization of the new products through the use of pilot plants.

A8) Characterization of the new products: study of compositional, nutritional and sensorial aspects.

A9) Development of the obtained data.

A10) Reports, thesis and paper preparation: throughout the research period, reports on the obtained results will
be made and scientific paper will be prepared.

Table 1 Gantt diagram for this PhD thesis project.

Months
2|14|16(8|10|12|14(16|18|20|22|24(26(28|30(|32|34|36

Activity

Al) Bibliographic research

A2) Identification and classification of the WEPs under study
A3) Choice and characterization of sampling areas

A4) Development of analytical methods

A5) Sampling activities

A6) Analytical activities

A7) Study of new food formulations

AB8) Characterization of the new products

A9) Development of the obtained data

A10) Reports, thesis and paper preparation
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Plant health monitoring of crops of high territorial relevance, identification
with advanced diagnostic tools and design of sustainable prevention systems

Merima Jasarevic (merima.jasarevic@unitus.it)
Dept. DIBAF, University of Tuscia, Viterbo, Italy
Tutor: Prof. Gabriele Chilosi

The research will be organized in order to monitor the phytosanitary status of the three relevant crop species in
Italy (Solanum tuberosum, Solanum lycopersicum, Triticum durum) and to suppress the plant pathogens linked to
the cultivated species, while improving the quality of the soil by applying sustainable agricultural practices. The
work will be carried out in different farms in the area of Tuscia, Province of Viterbo, depending on crop species
that are going to be examined. The research will be held: a) In field; b) In laboratory (controlled conditions).

Strategia sperimentale per monitorare la salute delle colture fortemente rappresentate
sul territorio italiano

La ricerca sara organizzata al fine di monitorare lo stato fitosanitario delle tre specie vegetali rilevanti in Italia
(Solanum tuberosum, Solanum lycopersicum, Triticum durum) e per sopprimere i patogeni legati alle specie
coltivate, migliorando al tempo stesso la qualita del suolo applicando le pratiche agricole sostenibili. I lavori
verranno eseguiti in diverse aziende agricole della Tuscia, Provincia di Viterbo, a seconda della coltura specie che
verranno esaminate. La ricerca si terra; a) In campo; b) In laboratorio (condizioni controllate).

1. State-of-the-Art

Many conventional agricultural practices are putting pressure on the environment causing soil degradation, water
shortages, pollution and loss of natural habitats and biodiversity. Basing agriculture on chemical fertilizers and
pesticides has serious consequences on public health and environment and plant health as well as climate changes.
Innovative agricultural plans and technologies are crucial for a development of sustainable agricultural system,
which implies environmental, social and economic sustainability. The New European Green Deal represents new
efforts and actions of EU in order to reflect an increased level of ambition to reduce significantly the use and risk
of chemical pesticides, as well as the use of fertilizers and antibiotics. As for the purpose of this project three
agricultural crop species previously mentioned will be examined, the following challenges arise: Investigation of
effects of compost and alternative agricultural practices on disease suppression in potato, tomato, wheat and caused
by major soil-borne pathogens. The importance of these crops is reflected by the amount of annual production in
Italy. The statistics of annual production are provided by the National Institute of Statistics (ISTAT). Late blight
of potato and tomato is a common disease caused by Phytophthora infestans which is considered as a highly
aggressive and destructive pathogen. Additionally, foot rot of wheat is a disease spread in all Italian cereal areas
and it is caused by various fungi species: Microdochium nivale, Bipolaris sokokiniana, Fusarium spp. Some of
alternative agricultural strategies will be examined in order to supress plant pathogens and soil-borne. Their impact
on soil conditions and mentioned crop species as well as their effectiveness in disease suppression will be studied
in detail for the purpose of the project.

2. PhD Thesis Objectives and Milestones

Taking into account the aim of the PhD project mentioned above we can outline main objectives:

Al) Territorial survey on some diseases of horticultural species, in this case potato (Solanum tuberosum),
and wheat (Triticum durum) in the area of Tuscia, Province of Viterbo and sampling of these crop
species through different phenological phases.

The sampling of potato (Solanum tuberosum) will be carried out once in a year in the phase of flowering or
maturation of tubers, while the sampling of wheat (Triticum durum) will be done three times in a year
following all the phenological phases: 1. Tilling; 2. Rising; 3. Ripening. The sampling of both crop species
will be done in order to analyze the microbiota surrounding the rhizosphere. The plots are divided
according to the treatments used (organic compost and mineral fertilizer).

A2) Territorial survey on some diseases of tomato (Solanum lycopersicum) in the coastal area of Lazio,
sampling of these crop species taking into account disease symptoms present on leaf area.
The sampling will be carried out in field selecting the plants showing disease symptoms and collecting soil
samples in order to determine its conditions.

A3) lIsolation and characterization of microbiota associated to crops mentioned above by using NGS
technique and bioinformatics and metagenomic tools

The microbiome analyses will be done from fine soil particles collected around the root system and soil samples
collected from at the depth of 10-20cm. The NGS reactions are going to be performed followed with
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sequencing and bioinformatic analyses by using Nucleotide blast program and MEGAN Community Edition
(version 6.22.2.) in order to determine the sequences and taxonomy of pathogens isolated from our samples.

A4) Analysis of diffusion of Phytophthora infestans propagules by captaspore in tomato cultivation

The captaspore (Lanzoni VPPS 2000 sampler), supplied by the DIBAF for flight analysis of the spores in our case
of Phytophtora infestans will be placed in the vicinity of the field trials in June and in early July. Every week
the sampling tape will be taken and changed to a new one for sampling the next week.

A5) Management of pathogens in sustainable way by decreasing the utilization of pesticides and their
residues using alternatives

Investigation of compost-based sustainable alternatives to improve the soil quality and effectiveness in suppression
of plant pathogens. Several experiments are going to be carried out in order to examine the right management
strategies of pathogens in sustainable way by using alternatives. The formulations and proportion of the
alternative strategies are still to be defined.

AB6) Writing and Editing of the PhD thesis, scientific papers and oral and/or poster communications

Table 1: Gantt diagram for this PhD thesis project.

1{2(3|4|5|6|7|8]9(10{11/12|13|14|15|16|17|18|19|20|21|22|23|24|30
Activity Months

A1) |[Territorial survey and sampling

1) Solanum tuberosum

2) Triticum durum

A2) |Territorial survey and
sampling of Solanum
lycopersicum

IA3) |Characterization of microbiota

1) NGS analyses

2) Bioinformatic and
metagenomic analyses

A4)  |Analysis of diffusion of
Phytophthora infestans
propagules by captaspore in
tomato cultivation

IA5) [Management of pathogens

/AB) |Writing and editing of PhD thesis,
papers

The expected findings will be convenient to point out that along the agricultural production chain, the crops pass
through critical phases from the point of view of the healthiness and the quality of the product, which is influenced
in a great part by the management and agricultural practices used in food production. The supposed results will be
also functional to underline the correlation between soil health and health of the plant as well as importance of soil
conditions and application of innovative and sustainable agricultural practices in suppression of soil-borne
pathogens.
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Development of methods and technologies for the specific inhibition of
enzymes relevant for low colour stability of fruit juices and nectars

Karen Lacey (karenlouise.lacey@unipr.it)
Department of Food and Drug, University di Parma, Italy
Tutor: Prof. Massimiliano Rinaldi

This PhD thesis research project is aimed to develop strategies and test new technologies for the inhibition of
enzymes relevant for colour stability in fruit juices and nectars. In particular, red fruits will be used for producing
nectars and juices as well as thermal and non-thermal technologies will be tested.

Sviluppo di metodi e tecnologie per I’inibizione specifica di enzimi rilevanti per il colore
di succhi e nettari di frutta

Questo progetto di tesi di dottorato mira a sviluppare strategie e testare nuove tecnologie per I’inibizione di enzimi
rilevanti per la stabilita del colore in succhi e nettari di frutta. In particolare, i succhi e i nettari saranno ottenuti da
frutti rossi e sa ranno testate tecnologie termiche e non termiche sui prodotti ottenuti.

1. State-of-the-Art

The fruit juice industry is interested in increasing stability, since a longer shelf life would reduce production,
transportation, and storage costs significantly. New technologies which would prevent the need for freezing could
offer annual potential savings of almost 10 Mio € (AIJN 2016). In addition, this would also take a significant load
from the environment. Moreover, the colour stability of red fruits is an important quality marker which can be
affected depending on the method of preservation or lack of. This project aims therefore at elucidating the causality
of the low colour stabilities associated with red fruit juices, in particular the role played by enzymes in the change
of colour during storage. A second major focus is placed on preservation technology. HiStabJuice has a strong
focus on endogenous enzymes (polyphenol oxidases peroxidases, ascorbic acid oxidases, B-glucosidases) that are
the presumed key players for colour degradation as many of them seem to survive current preservation methods
that are optimized rather for the inactivation of microorganisms than of enzymes (Cao et al., 2010). HiStabJuice
aims at the identification and characterization of endogenous enzymes, which show (at least partial) resistance to
heat treatments or other preservation methods and thereby contribute to colour degradation, at the biochemical and
molecular level in juices and nectars of color stable and colour unstable fruits.

2. PhD Thesis Objectives and Milestones

Figure 1 Sample preparation and processing
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Figure 2 Shelf-life and evaluations
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1. To establish methods for the inactivation of enzymes (PPO, POD, AOX, beta-Glucosidase) via non-
thermal and thermal treatments (OH, HPP, PEF)

2. To improve shelf life of juices and nectars by optimized technology (proteases, glucose oxidases,
exclusion of oxygen),

3. To produce juices and nectars and to evaluate storage stability,

4. To test natural and artificial enzyme inhibitors

5. To optimize assays for the determination of the enzyme activities

Expected Results

1. Optimized process parameters of conventional and not conventional treatments for appropriate
inactivation of endogenous enzymes relevant for colour instability,
2. Optimized processing steps for increased shelf-life of fruit juices and nectars

Table 1 Gantt diagram for this PhD thesis project

Activity Months 1|2|3|4|5|6|7|8|9|10(11f12|13( 1 |15(16|17|18|19/20(21|22| 2 |24|25(|26|27|28|29(30|31|32|33(34|35|36
4 3
Training at UP
List of most promising inhibitors providing
colour stability (Ranking of best 10)

Kinetics of at least 3 enzymes relevant for
colour loss - exchange in SSICA

Kinetics of at least 3 enzymes relevant for
colour loss

Optimized parameters for enzyme inactivation
to increase colour stability

Test methods for the inactivation of enzymes
via thermal treatments (OH) exchange in
CTCPA

Test methods for the inactivation of enzymes
via thermal treatments (PEF) exchange in ELEA

Test methods for the inactivation of enzymes
via non-thermal treatments (HPP)

New processing steps improving colour
stability of fruit juice and nectars

Results: 2 Abstracts submitted for international conferences (oral presentation), Participated in PEF summer
school 2022
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Cell cultures of Mediterranean Plant Species Involved in the Production of
Novel Food

Carmen Laezza (carmen.laezza@unina.it)
Dept. Agricultural Sciences, University of Naples, “Federico 117, Italy
Tutor: Prof. Maria Manuela Rigano

This Ph.D. thesis research project aims to develop an experimental protocol that allows the use of cell cultures
Mediterranean plant species, for the analysis and the extraction of secondary metabolites in order to employ them
as novel food with beneficial properties on human health.

L’uso di colture cellulari di specie di piante mediterranee coinvolte nella produzione di
novel food

Questo progetto di tesi di dottorato mira a mettere appunto un protocollo sperimentale che permetta 1’uso di colture
cellulari di specie di piante mediterranee per I’analisi e 1’estrazione di metaboliti secondari da poter impiegare
come “novel food” che possano avere proprieta benefiche per la salute umana.

1. State-of-the-Art

In the last years, the demand for plant-based food has increased as it is considered healthier and more sustainable
than animal-based food. Nevertheless, crop farming for human consumption accounts for almost one-third of the
impact that food loss and waste have on climate change. Furthermore, recent trends claim that the number of
people on earth is set to increase from 7 to 10 billion by 2050 and therefore it will be challenging to supply the
world population with a sufficient amount of high-quality food. Here, plant cell culture (PPC) may represent a new
approach to consider for plant-based food production as this method can be used to produce food additives and
healthy ingredients. Indeed, there has already been an extensive adoption of plant cell culture for the cosmetic
industry whereas the idea of using PPCs for the food industry has only recently attracted attention. This will require
a full comprehension of the effects that these advanced methodologies can have on human well-being (Gubser et
al., 2020). The commercial products derived from PPCs are mainly secondary metabolites (SM) which are crucial
for several biological activities concerning plants and humans. SMs mostly involved in plant-based food and
particularly abundant in Mediterranean fruit trees’ species, such as apple, pear, lemons, are polyphenols and
terpenes. Polyphenols can be distinguished into three sub-classes: phenolic acids, flavonoids, and tannins. These
metabolites are widely distributed in different parts of the plant such as seeds, leaves, roots, and stems and they
have been often proposed as food supplements as they are characterized by anti-inflammatory, anticancer, and
antihypertensive properties that are essential for the human diet. Terpenes constitute a group of natural compounds
largely diversified in their structures and functions. These compounds are very well-known to have a peculiar
fragrance that suits them perfectly as food additives. Moreover, they have been discovered to have numerous
positive effects that make them appropriate as treatments for respiratory, nervous, and cardiovascular disorders
(Chiocco et al., 2021). It has also been demonstrated that PPCs can be engaged not only for the extraction of SMs
but also as “novel food”. Eibl et al. (2018), demonstrated that it is possible to produce 70% dark chocolate bars
from in vitro cocoa powder obtained by freeze-dried cell cultures. Generally, PPCs products are based on plant
suspension cells grown from two types of callus cultures, as shown in Figure 1.

cMC Callus culture
\ T
/ e PR —‘\\ Suspension cells
> 25 I B ™~

)

Figure 1 a. Cambium meristematic cell-derived callus culture (CMC); b. Dedifferentiated cell-derived callus culture (DDC);
c., d. Callus culture; e. Suspension cells.

- 105 -


mailto:carmen.laezza@unina.it

PROCEEDINGS OF THE 26™ WORKSHOP ON THE DEVELOPMENTS IN THE UNIVERSITA DEGLI STUDI DI TORINO
ITALIAN PHD RESEARCH ON FOOD SCIENCE, TECHNOLOGY AND BIOTECHNOLOGY ASTI, 19™-215T SEPTEMBER 2022

PPCs are considered a suitable alternative to crop farming since there is no seasonal dependence on in vitro
production of SMs whose production will be much less time-consuming. Moreover, plant cells are mostly
cultivated in media consisting of very few and simple ingredients such as salts, sugar, and some low concentrations
of vitamins and phytohormones. Therefore, the water needed is reduced and fertilizers, as well as pesticides, are
not required preventing a negative impact on the ecosystem. In this scenario, it is also worth to highlight that
plants’ secondary metabolites can be obtained by food industry wastes and by-products boosting the shift from a
linear economy model to a circular economy one. Indeed, the greatest amount of SMs have been identified in
components of plants and fruit that are usually discarded, such as leaves, seeds, peels, and pomace. Furthermore,
the adoption of certain substances, called elicitors, within PPCs induces a higher delivery of healthy compounds
reducing or even suppressing the presence of those that are harmful to the consumer. Nonetheless, the reduction
of dangerous substances is also due to the replacement of the synthetic SMs which help to avoid the high content
of extraction solvents that can be toxic to human health (Eibl et al. 2018). Although plant cell cultures offer an
attractive option for plant-based food backgrounds, they must align with human health safety limits imposed by
the EU Regulation 2015/2238 on novel food. Given this, one of the most important risks to consider for consumers
is the use of synthetic growth regulators within plant cell growth media. Until now it has not been clear which
amount of the added growth regulators are still present in the harvested biomass at the end of the cells’ cultivation.
However, the omission of hormones led to a significant decrease in biomass accumulation after a few subcultures.
Therefore, it is necessary to evaluate the acute toxicity of plant cell cultures. In addition, taste, odor, and
consistency need to be tested for consumer acceptance (Hakkinen et al., 2020).

2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above this PhD thesis project can be subdivided into the following activities
according to the Gantt diagram given in Table 1:

A1) Determination of in vitro plant cell culture protocols; understanding of which part of plant needs to be used
to induce the callogenesis. Analysis of the type of sterilization to perform, and of sugars, vitamins, and
phytohormones to use as components of growth cell culture media.

A2) Assessment of the effects of different elicitors on in vitro plant cell culture to identify the most suitable elicitor
to increase the final production of secondary metabolites.

A3) Extraction and analysis of secondary metabolites in PPCs at the end of cell cultivation cycle, to assess the
type of healthy compounds present within the cell cultures.

A4) Evaluation of the extracted compounds as food additive in order to determine the plant cell culture as possible
novel food

Ab) Writing and Editing of the PhD thesis, scientific papers and oral and/or poster communications.

Table 1 Gantt diagram for this PhD thesis project.

Activity Months 1{2|3|4|5|6|7|8]|9/|10{11|12|13|14/15|16|17(18|19|20|21|22|23|24
Al) [Invitro plant cell culture protocols

1) Sterilization and callogenesis

2) Growth culture media

A2) |Use of different elicitors

1) Test of different elicitors

A3) |Analysis of secondary metabolites
1) Extraction

2) HPLC for SMs’ analysis

3) Metabolomic analysis

A4) |PCCs as novel food

1) Assessment of SMs’ toxicity

2) Analysis of SMs as food additive
A5) |Thesis and Paper Preparation
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Food and food bioactives fighting chronic inflammation
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Tutor: Prof. Maria Cristina Nicoli
Co-tutor: Ph.D. Marilisa Alongi

The aim of this project is to evaluate the influence of bioactive compounds contained in raw and processed plant-
based foods, and their industrial processing by-products on the immune landscape and homeostasis of the gut
affected by chronic inflammation.

Alimenti e composti bioattivi nel trattamento dell’infiammazione cronica

L’obiettivo di questo progetto ¢ valutare I’influenza che i composti bioattivi contenuti in alimenti di origine
vegetale trasformati e non, e dei relativi sottoprodotti derivanti dalla lavorazione industriale possono avere sul
contesto immunitario e sull’omeostasi dell’intestino affetto da infiammazione cronica.

1. State-of-the-Art

Inflammation can be defined as the response that the immune system establishes upon the onset of harmful stimuli,
such as pathogens, damaged cells, toxic compounds, or irradiation, and acts by removing injurious stimuli and
initiating the healing process. Inflammation is therefore a defence mechanism that is vital to health (Chen et al.,
2018). Normally, acute inflammation is characterized by cellular and molecular events and interactions which
efficiently remove the noxious stimulus and, in the end, lead to the restoration of tissue homeostasis and resolution
of the acute phase. However, uncontrolled acute inflammation may become chronic, contributing to the onset of a
variety of disorders. Chronic inflammation has been linked to many degenerative conditions such as cancer,
autoimmune, cardiovascular, neurodegenerative diseases, and metabolic syndrome (Furman et al., 2019).
Inflammatory bowel disease (IBD) is a clear example of a condition generated by the establishment of chronic
inflammation in the intestine (Zhang and Li, 2014). IBD has been a world- wide health-care problem with
increasing incidence. Scientific investigations have found that IBD is characterized by an aberrant and continuing
immune response directed to the microbes in the gut. The true aetiology although remains largely unknown.
Current therapeutic strategies include corticosteroids and immunosuppressive drugs but also biological treatments.
Various reports have also linked the role of the diet in the onset and progression of IBD (Marion-Letellier, Savoye
and Ghosh, 2016; Roda et al., 2020). Dietary interventions can become a standard approach to improve chemical
therapies, due to bioactive components naturally ingested with daily food. Indeed, there is a plethora of scientific
evidence which proves that food-derived bioactive compounds (e.g., Vitamin A and D, resveratrol, quercetin) have
a potential role in modulating inflammation through the regulation of the immune response (Veldhoen and
Brucklacher-Waldert, 2012; Malavolta et al., 2014; Gurau et al., 2018). Therefore, combined therapies with diets
rich in bioactive molecules may help to reduce drug dosage, the side-effects and contribute to the prevention of
chronic inflammation-linked diseases. Raw and processed plant-based foods, as well as their industrial processing
by-products are known to be rich in bioactive compounds although the latter are often considered as waste. In the
last few years, based on the idea of the existence of a linear cause-effect relation, studies conducted on dietary
bioactive compounds, however, have often been carried out considering single components. Since no beneficial
and sometimes paradoxical effects have been detected in vivo, the emerging hypothesis is that this approach
represents a gross simplification. It is likely that, when contained in the food matrix, bioactives act collectively,
often in synergy, exerting single or multiple physiological effects. This nonlinear relationship can be reasonably
attributed to the chemical interactions among the huge variety of bioactives and bioactive families present in the
food matrix together with the effect of food structure. The latter can greatly affect bioactive release and fate in the
gastrointestinal tract, thus affecting their bioavailability (Connolly, Tuohy and Lovegrove, 2012). In order to
overcome above-mentioned criticality in understanding the role of food bioactives on gut inflammation, a bottom-
up approach has been pursued: food model systems exerting increasing structure complexity and containing
selected bioactives will be designed. In particular, samples mimicking different degrees of cellular deconstruction
will be prepared and the fate of the contained bioactives on the gastrointestinal tract and on in vitro model of gut
chronic inflammation will be studied. This Ph.D. research is supported by PON Ricerca e Innovazione 2014-2020
(DM1061/2021) and with collaboration of BIOFARMA GROUP.

- 107 -



PROCEEDINGS OF THE 26™ WORKSHOP ON THE DEVELOPMENTS IN THE UNIVERSITA DEGLI STUDI DI TORINO
ITALIAN PHD RESEARCH ON FOOD SCIENCE, TECHNOLOGY AND BIOTECHNOLOGY ASTI, 19™-215T SEPTEMBER 2022

2. PhD Thesis Objectives and Milestones

The first 6 months of this PhD research activity were focused on the selection of bioactives to be studied. Based
on literature review and analysis of the widely consumed fruit and vegetables derivatives, some polyphenols were
selected. In the next months, the following research steps will be pursued:

Al) Literature review;

A2) Preliminary tests: setting up of analytical methodologies (antioxidant activity, lactase activity, in vitro
digestion):

A3) Design of bioactive containing model system exerting increasing level of cellular deconstruction mimicking
vegetables derivatives such as juice puree, homogenate;

A4) In vitro digestion;

Ab5) Analysis of the bioaccessibility and bioavailability of bioactive compounds in the digest by using different food
model systems and evaluation of the mechanism of absorption (e.g. lactase activity against glycosilated
polyphenols);

A6) Development of an experimental model of gut chronic inflammation;

A7) Analysis of the influence that the products obtained in step A4 can have on gut epithelial homeostasis and on
immune cells populations in the experimental model:

A7.1) Treatment of the experimental model with the product obtained in step A4;
A7.2) Analysis of the immune landscape (regulatory immune cells populations by flow cytometry, cytokine
expression profiles by ELISA, epigenetic regulation of cytokine production).

A8) Company period,;

A9) Paper writing and thesis development.

Table 1 Gantt diagram for this PhD thesis project.

Activities

Al) Literature review

A2) Preliminary tests

A3) Design of bioactive containing model system

Ad4) In vitro digestion

Ab) Analysis of the bioaccessibility and bioavailability of bioactive compounds

A6) Experimental model development

A7) Immunologic analysis

A8) Company period

A9) Paper writing and thesis development
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Production and analytical characterization of new and traditional foods:
focus on sustainability
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The PhD research project pursues the main objective to enhance the diversity of food production through the
application of sustainable technologies for developing new food products based on local ingredients and raw
materials. Strategies for the food by-products and waste valorization to recover high added value bioactive
compounds are applied on a lab scale with the opportunity to be transferred to pilot and industrial scale in a circular
economy approach.

Produzione e caratterizzazione analitica di alimenti tradizionali ed innovativi: focus
sulla sostenibilita

Questo progetto di tesi di dottorato ha il principale scopo di promuovere la diversificazione nella produzione di
alimenti. Cio si puo ottenere attraverso 1’applicazione di tecnologie sostenibili per lo sviluppo di nuovi alimenti
impiegando materie prime ed ingredienti locali. Sono impiegate anche strategie per la valorizzazione di
sottoprodotti e sprechi alimentari per 1’estrazione di importanti composti bioattivi, utilizzando tecnologie su scala
di laboratorio. | risultati cosi ottenuti potrebbero consentire uno scale-up delle metodologie impiegate su scala
industriale e semi-industriale, in un contesto di economia circolare.

1. State of the Art

Malnutrition is a matter of major concern globally, and it is also addressed by the United Nations in its Agenda
2030 within the Sustainable Development Goals (SDG) 2 through the promotion of practices voted to eradicate all
forms of malnutrition (FAO, 2020).

It is well known that around 1.3 billion tonnes of food is lost or wasted every year globally, nearly one third being
edible parts, mostly from fruits, vegetables and cereals. As a matter of fact to increase the affordability of healthy
diets, the costs of nutritious foods must come down, as their accessibility has to rise (FAO, 2020). One of the
strategy to reach this goal is reducing pre-harvest and post-harvest losses and wastes, both in terms of quantity and
quality and in each food supply chain, through the valorization of by-products, with a resulting increase in
sustainability and circularity of the whole food sector (FAQO, 2020). According to Garn and Leonard (1989), more
than 7°000 crop species have been cultivated and domesticated, but no more than 150 species are intensively
cultivated for commercial purpose and just three main crops provide 60 % of world’s food energy intake (Garn &
Leonard 1989). Moreover, the use of local and traditional species can increase agricultural sustainability by
reducing the need for external inputs, such as pesticides and fertilizers, and, depending on their species, can also
improve soil fertility and the resilience of the entire system against climate change. Food insecurity is severe
especially in developing countries, but it is gradually improved due to the increased agricultural export and
growing needs demands from consumers. In fact, consumers are more and more attracted by healthy foods; markets
are following this trend by highlighting this kind of products and adding functional ingredients to regular foods
(Meyerding et al. 2018).

In this framework, the enrichment of local foods with bioactive compounds would meet the market demand for
healthy products, and a proper labelling, with indication of the geographical area of provenience and possibly the
health claim can be also a driver of economic growth for developing countries by exporting new food products
(Bradley et al., 2011).

It is particularly important to choose the appropriate technological approaches for supplemented food preparation
in such a way new foods, produced from traditional and local ingredients or raw materials and added with extracted
compounds with beneficial health effects, can have a place in global market (Hedhili et al., 2021). One of the major
causes of food insecurity is climate change: the increase in the severity of natural disaster events in such a way it
has become fundamental to discover strategies to cope with that. Agroecology is an integrated approach that
applies ecological and social concepts for the management of the food sector and the agricultural system,
optimizing the interactions between plants, animals, humans and the environment taking into consideration the
social aspects for a sustainable production (FAQ, 2020). The agroecology approach is coherent with the use of by-
products for the formulation of new enriched food and the promotion of knowledge on local biodiversity and raw
material; in addition to that the improvement of food production processing techniques is another driver towards
a more efficient and sustainable food making.

Sustainable food technologies play a very relevant role in determining the global sustainability of the food systems;
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some of them work without the direct application of thermal energy and use of chemicals such as the cold pressing
for the production of unconventional and specialty edible oils, which recently have gained a lot of attention due to
their useful and beneficial properties (Vladic et al., 2020). Besides the use of non-thermal technologies, another
example of sustainable extraction method is vacuum distillation which is used for the separation of mixtures with
thermolable compounds. It allows to operate at low temperatures, avoiding the degradation of several compounds
in the extract. This technique can be applied to obtain natural products (e.g. essential oils). Different techniques
could be applied for the separation of oil fraction from the seeds such as the more sophisticated supercritical fluid
extraction and the simpler cold pressing (Vladic et al., 2020).

2. PhD Thesis Objectives and Milestones

The PhD project focuses on sustainable technologies for the production as well as analytical characterization, both
sensory and instrumental, of new food products and ingredients. The research project is implemented according to
the activities reported in the Gantt chart here below.

Al) Bibliographic research regarding the analytical characterization of food products obtained from different
local raw materials. Research in the literature is also voted to the study of innovative and sustainable
technologies for the valorization of food wastes and losses to recover valuable compounds.

A2) Sustainable food technologies: food raw materials, by-products and new food products are prepared using
local raw materials, ingredients and treated food by-products and waste. The bioactive compounds, to be
incorporated within the new formulation, are extracted using sustainable technologies. In addition, the raw
materials, ingredients and by-products are also treated with sustainable technologies (e.g. co-milling, vacuum
distillation, air-driying,...). For example, flavored olive oils have been prepared by co-milling using by-
products as flavoring agents; also essential oils have been extracted using vacuum distillation allowing to use
lower temperatures and using water as solvent.

A3) Analytical characterization of food products: the instrumental and sensory evaluation of the new food
products are carried out to characterize them (raw materials, by-products and new food products).

A4) Labelling of new and traditional food products.

Ab5) Writing and editing of the PhD thesis and research papers.

Table 1 Gantt diagram for this PhD thesis project.

Activity

Al) |Bibliographic research

A2) |Sustainable food technologies
1) Co-milling

2) Vacuum distillation

3) Non-thermal drying

4) Other technologies

A3) |Analytical characterization of food products
1) Characterization of raw materials

2) Characterization of by-products

3) Characterization of new food products

A4) |Labelling
A5) |Writing of the thesis and research papers
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"Green' Technologies in the supply chain of agri-food company

Micaela Lembo (micaela.lembo@unitus.it)
Department for Innovation in Biological, Agro-food and Forest systems, University of Tuscia, Viterbo, Italy
Tutor: Prof. Rinaldo Botondi

This PhD thesis research project is aimed to change, in the context of globalization, the industrial approach through
the development of sustainable processes, devices and approaches, thus improving competitiveness and
implementing green and digital. For these reasons, my research project is based on the implementation of green
technologies and digitalization in a kiwifruit company, with the aim of improving the effectiveness and efficiency
of the agri-food chain.

Implementazione di tecnologie “green” nella filiera di un’azienda ortofrutticola

Questa proposta di tesi di dottorato ha I’obiettivo di modificare, nel contesto della globalizzazione, lo scenario
industriale attraverso lo sviluppo di processi, dispositivi e approcci sostenibili, migliorando cosi la competitivita e
implementando le tematiche del verde e del digitale. Per questi motivi, questo progetto di ricerca ha 1’obiettivo di
implementare le tecnologie green e la digitalizzazione in un‘azienda di kiwi, con il fine di migliorare I'efficacia e
I'efficienza della filiera agroalimentare.

1. State-of-the-Art

Kiwifruit is appreciated by consumers for its high bioactive compound content with health-beneficial effects
(Goffi, Magri et al. 2020) and for this reason, the consumption of fresh kiwifruits is booming (Meena, Nirmal
Kumar, et al. 2018). Yellow-fleshed kiwifruit possesses many interesting agronomic features (Goffi, Magri, et al.
2020) but it is not suitable for long-term storage, as demonstrated by several studies (Goffi, Modesti et al. 2018).
The lack of proper maturity harvest indices is a major drawback in postharvest management because many pre-
and postharvest factors are involved in the deterioration of fresh fruit quality and storage life. Therefore, the
development of novel techniques to maintain the quality and shelf life of fruits after harvesting is a major challenge
(Gwanpua SG, Jabbar A et al. 2018). It was also observed that the ineffective water use increases the cost of crop
production and that water stress can induce changes in fruit yield and quality (Pinto, R., Valin, et al. 2021). In
other studies it has been shown that fuit size is generally reduced by water deficit as opposed to the quality of the
fruits, such as the increasing of sugar content or improved color, which is enhanced by lower irrigation. The
technical approach to optimize irrigation program is based on monitoring soil water moisture content and plant
water status (Steduto, P., Hsiao, et al. 2012) and for this reason it is necessary to carry out analysis of the soil and
the humidity of the stem and the speed of the sap. To carry out these analyzes, the PNRR proposes the use of hew
multifunctional devices, and an exemple in our experiment is the use of a new 4.0 Tree Talker technology, based
on loT systems, that can be used for the real-time observation of trees physical and biological parameters
applicable to the monitoring of forests, agro forestry systems and urban green infrastructures. This device allows
monitoring such parameters as stem temperature and moisture, sap flow, and canopy light transmission. Data are
transmitted via wireless LoRa (long-range) connection to the router (TT-Cloud) with an hourly frequency
(Valentini, R., Marchesini, et al. 2019). In conclusion, the goal is implement green technologies and digitalization
of the agri-food chain, increase effectiveness and efficiency in food traceability processes, general benefits for the
supply chain, increase in sales and exploitation of data as a wealth of knowledge for businesses.
(www.osservatori.net)

2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above, this PhD thesis project can be subdivided into the following
activities according to the Gantt diagram given in Table 1:

Al) Bibliographic research: Literature research of the most promising digital sensors in the agricultural field,
study of kiwis and their qualitative and conservative characteristics

A2) Selection of experimental plants: Visit to the company and selection of the kiwi plants that will be subjected
to experimental tests.

A3) Implementation of three different experimental irrigations: A first sample will be sprayed with a
"standard" volume and two sample tests will be irrigated, at the same times established, with volumes
corresponding to 80% and 60% of the standard volume used, in order to analyze any stress of the plant.

A4) Plant water stress assessment: Kiwifruit plants will be analyzed to evaluate the water stress of the plants
through the variations of the chlorophyll pigment on the leaves, the sap flow and the soil humidity for the
three different irrigations during the six month period of the experimental test, These analyzes will be carried
out through the use of Tree Talker sensors in the field
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Ab5) Sensors device management by software: These sensors will have to be managed by software that allow to
receive field data in real time on various media managed by a single computer platform

AB6) Study of harvest fruit set and storage: Experiments will be carried out, with the aim of evaluating the better
fruit harvest periods of differently irrigated horticultural products, and this quality parameters will be checked
at 15-20 day intervals

A7) Statistical analysis: analysis about qualitative and conservation characteristics of kiwi fruits (A6), data
analysis obtained by Tree Talker (A5) and analysis about water stress (A3) will be statistically evaluated.

AB8) Stage in the company: 12 months will be spent in the company in which field activities will be carried out.

A9) Writing and Editing: PhD thesis, scientific papers and oral and/or poster communications will be carried
on during the PhD period.

Table 1 Gantt diagram for this PhD thesis project.

Months
Activity 12|13|14{15|16| 17| 24 25 26 27, 28 29
Bibliographic
Al research
Selection of

A2 experimental plants
Implementation of

A3 three different
experimental
irrigations
Plant water stress
A4 assessment
Sensor management
A5 by software
A6 Study fruit ripening
A7 Statistical analysis

A8 | Stage in the company

A9 Writing and Editing
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Application of an eco-sustainable technology: use of direct and
photodynamic UV light for the microbial decontamination on food
industries

Alessia Lena (lena.alessia@spes.uniud.it)
Dept. of AgriFood, Environmental, and Animal Science, University of Udine, 33100, Italy
Tutor: Prof. Michela Maifreni

This PhD thesis research project is aimed to investigate the inactivation capacity of planktonic cells and microbial
biofilms by UV light and blue light on surfaces and food products. These technologies will be coupled with
photoactive materials. The obtained results will be optimized to adapt the use of this technology on company
machineries.

Applicazione di una tecnologia ecosostenibile: utilizzo della luce UV LED diretta o
fotodinamica per processi di decontaminazione microbica nell’industria alimentare

Questo progetto di dottorato mira allo studio delle capacita di inattivazione di cellule planctoniche e biofilm della
luce UV e blu emessa da dispositivi LED su superfici e alimenti. Tali tecnologie saranno inoltre combinate con
materiali foto-attivabili. | risultati ottenuti verranno quindi usati per ottimizzare 1’uso della tecnologia in
macchinari prodotti da una azienda.

1. State of the art

Thermal and chemical inactivation techniques have been traditionally used for microbial decontamination.
Recently, UV light has been well established for water treatment, air disinfection, and surface decontamination,
according to the FDA and EFSA guidelines (Koutchma, 2008). Traditionally UV lamps contain mercury, but in
recent years light-emitting diodes (LEDs), mercury-free, have been released as a new UV light source, having a
long lifetime, low heat emission, and versatility of use (Hinds et al., 2019).

The antimicrobial effect is brought mainly by the UV-C portion (200-280 nm) of the electromagnetic spectrum
which has a limited penetration capacity, so the germicidal effect is obtained only by applying UV-C light directly
on the target and not in shade, in pores, or in orifices (Guerrero-Beltran & Barbosa-Canovas, 2004). Recently, it
was noted that wavelengths from 400 to 480 nm (blue light) can be used for microbial inactivation. Although blue
light is less germicidal than UV light, it is less harmful to host tissue, and microorganisms are then selectively
inactivated (Halstead et al., 2016).

The germicidal effect of LED lamps can be amplified if coupled with photocatalytic materials able to produce
reactive oxygen species (ROS) by irradiation. These materials can include inorganic nanomaterials (i.e., TiOx,
ZnO) or organic molecules (i.e., porphyrins, phthalocyanines, etc)(Comuzzi et al., 2020), and can be designed to
kill both Gram-negative and Gram-positive bacteria, and fungi.

Among the microorganisms isolated from the food environment, there are pathogens such as Listeria, Salmonella,
Staphylococcus, Escherichia coli, etc. or spoilage microorganisms such as Pseudomonas spp. which can undergo
a different germicidal effect both in relation to the species, the strain, and the physiological condition in which
they are found (planktonic or biofilm form). The presence or absence of a biofilm can strongly affect the amount
of light irradiation required to inactivate microorganisms (Gora et al., 2019); a substantially higher amount of light
dose may be required to inactivate microorganisms protected by biofilms than those not protected by a biofilm.
Currently, there are only few studies that investigate the efficacy of visible light against biofilms, but it is necessary
to consider it since biofilm is commonly formed in environments. It is therefore important to obtain a high level
of hygiene for surfaces and equipment intended for contact with food.

Although light irradiation can be exploited for disinfection purposes of surfaces and the environment, these types
of treatment may induce the chemical transformation of lipids, bioactive compounds, and proteins present in foods
(Hinds et al., 2019). LEDs lamps could be easily used for decontamination of surfaces for food preparation or
incorporated into equipment devoted to food preservation, so it could be successfully applied to guarantee a
hygienic level of environment and a prolongation of shelf-life of the products.

This project aims to develop a suitable innovative disinfection strategy for surfaces and environment addressed to
food contact using irradiation eventually coupled with photoactive materials. The application of these technologies
should guarantee antimicrobial action in the environment as well as in foods. The tests will provide the results
necessary to optimize conditions of the germicidal effect of these technologies for use in devices built by the
company.
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2. PhD Thesis Objectives and Milestones

This PhD project could be divided in the following activities according to the Gantt diagram reported in Table 1:
Al) Assessment of the germicidal effect on planktonic cells and biofilm: to optimize the efficacy of microbial
inactivation the parameters that influence the process (exposition time, dose, LED lamps, distance) will be
considered. The efficacy of the treatment will be assessed by counting viable cells before and after irradiation
(Al.1). Also, adhesion and formation kinetics of premature and mature biofilms will be studied on different
materials (Al.2).

A2) Tests with photoactive materials: already existing photoactive organic materials (e.g., porphyrins) will be
exploited for their antimicrobial activity. Organisms will be making grow on the materials to verify the germicidal
effect (A2.1). Some tests will be done to evaluate the amount of ROS released and how they adhere to the surface
(A2.2). It will be considered the synthesis of new photoactive materials (A2.3).

A3) Analysis of food product: to assess the quality of the treated food products, pH, total titratable acidity, colour,
firmness, lipid oxidation, phenolic content will be analysed (A3.1). According to the obtained results, for each
selected condition, a specific protocol will be developed to apply the antimicrobial treatment (A3.2).

A4) Laboratory prototype: after all the tests, a prototype will be designed to be used in the company’s laboratory.
The efficacy of light irradiation and photoactive materials will be evaluated in the company’s appliances (A4.1).
Also, microscopy (SEM, CLSM) will be used to verify if the treatments have caused any damage to the microbial
cell and to observe the biofilms’ structures (A4.2).

Table 1. Gantt diagram for this thesis project

Activitiesmonths 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

Literature
research

UV lamps,
materials, and
microorganisms
selection

Strain's
characterization
(planktonic/
biofilm form)

Test for

germicidal effect

with UV and light
blue LED

Test for
germicidal effect
on photoactive
materials

Evaluation of the
prototype in the
company

Test on food

Waorkshops,
elaboration of the
results,
manuscript
claboration
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Bioactive Compounds From Hop Leaves: A Green Opportunity
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Tutor: Prof.ssa Benedetta Chiancone

In order to make hop cultivation sustainability-oriented and with a bioeconomic approach, this Ph.D project aims
to value the hop plant vegetative biomass to obtain bioactive compounds, potentially useful for food and non-food
industry. To reach this objective, several hop genotypes, grown in field and in vitro, will be screened, to
characterize their bioactive compound composition; moreover, since the bioactive compound synthesis in plants
could be stress induced, the same hop plants will be subjected to stresses to stimulate their secondary metabolism
and to diversify the bioactive compound profile and their concentration.

Composti Bioattivi da Foglie di Luppolo: Un’Opportunita Green

Al fine di rendere piu sostenibile la coltivazione del luppolo e conferirle un approccio bio-economico, questo
progetto di dottorato mira a valorizzare la biomassa vegetativa di piante di luppolo, utilizzandola come matrice
per ottenere composti bioattivi che saranno successivamente caratterizzati al fine di valutare la loro potenziale
applicazione nell’industria alimentare e non. Per raggiungere questo obiettivo, diversi genotipi di luppolo, coltivati
in pieno campo ed in vitro, verranno sottoposti ad uno screening per caratterizzare il loro contenuto in composti
bioattivi. Inoltre, poiché la sintesi dei composti bioattivi nelle piante & considerata anche una risposta allo stress,
le stesse piante di luppolo, saranno sottoposte a stress per stimolare il loro metabolismo secondario e diversificare
il profilo dei composti bioattivi e la loro concentrazione.

1. State of the Art

Sustainable Development Goals (Agenda 2030 ONU) emphasizes the importance of sustainable conservation and
rational utilization of biodiversity, thus, investigating the wealth in bioactive compounds of agricultural species
must be a priority (Ofosu et al. 2020). Hop, Humulus lupulus L., a widely known cultivated plant, whose different
parts are rich in bioactive compounds, with antioxidant, antimicrobial and antiviral activity (Astray et al. 2020), is
drawing the attention of several food and non-food enterprises, interested in producing natural extracts. In detail,
hop plant produces important bioactive secondary metabolites, such as terpenoids, phenolic compounds, alkaloids
and bitter acids (Bocquet et al.2018). Even if hop leaves are as reach in these compounds as fruits, stems and roots
(Muzykiewicz et al. 2019) they are considered waste and used, mainly, for compost production (Abram et al.,
2015). European Commission strongly underlines that agricultural waste recycling is an important step for
environment protection, agricultural development and circular economy purposes (Diacono et al. 2019), therefore,
valuing hop vegetative biomass, so rich in bioactive compounds, can be a precious resource for food,
pharmaceutical and nutraceutical industries, but can also represent a second income for hop growers (Nionelli et
al. 2018). Unfortunately, the supply of hop biomass to industries is not continuous, being hop a deciduous plant.
To overcome this problem FAO recognized Plant Tissue Culture as an important tool for the large-scale production
of bioactive compounds (Dias et al. 2016), since plants synthetize in vitro the same bioactive compounds present
in their corresponding in nature (Espinosa- Leal et al. 2018). Other than by the genetics, the synthesis of bioactive
compounds is highly influenced by the exposition of the whole plant, or some of its part, to biotic or abiotic stress
(Cheynier et al. 2015), with the advantage that their effect is much more under control in in vitro conditions
(Chandran et al. 2020). Few are the research exploring the influence of any kind of stress on bioactive compound
biosynthesis in the vegetative biomass of field-grown hop plants (Ceh et al. 2007), but none regarding vitro-derived
hop plantlets; instead, several are the research studying the influence of cultural conditions on bioactive compound
synthesis in other plant species of interest (Smetanska 2018).

2. PhD Thesis Objectives and Milestones

The general activities and related objectives of this Ph.D project are:

Al) Screening for vegetative biomass total bioactive compound content of hop open field grown plants. This
activity will foresee the selection of a set of hop genotypes, within those grown in the collection field of UNIPR,
in order to characterize their leaves, in terms of total polyphenol content and antioxidant activity.

A2) Regulation of bioactive compound synthesis in open field plant vegetative biomass induced by abiotic
stress. This activity will include the individuation of a valid combination genotype/plant treatment to induce a
diversification in the bioactive compound profile and in the antioxidant activity of leaves from open field cultivated
hop plants.

A3) Evaluation of total bioactive compound content in vitro-derived hop plantlets. This activity will be
focused, firstly, on the in vitro establishment of a hop collection, then on the characterization of vitro-derived
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plantlets in terms of their total polyphenol content and their antioxidant activity.

A4) Regulation of bioactive compounds synthesis through in vitro culture techniques. This activity will be
carried out to set up the in vitro cultural conditions that better regulate the synthesis of bioactive compounds in in
vitro cultured plantlets.

Ab5) Chemical characterization of hop leaf bioactive compounds. In this activity, that will be carried out in
collaboration with the partner company Packtin s.r.l., extracts obtained in A 1-4 will be characterized, to evaluate
their polyphenol profile.

AB) Writing and Editing of the PhD thesis, scientific papers and oral and/or poster communications.
Timetables and milestones of proposed activities are summarized in the Gantt charts given in Table 1.

Table 1. Gantt diagram for this Ph.D thesis project.

Months
12 (3|4|5|6|7|8[9]10(11] 12 |13|14|15(16(17| 18 |19(20|21|22|23| 24 | 25 |26| 27 (2829|3031 |32|33 |34|35| 36

Activities

A1) Screening for vegetative biomass total bioactive compound content of hop open

field grown plants. M1 M1

A2) Regulation of bioactive compound synthesis in open field plant vegetative

biomass induced by abiotic stress. M2 M2

A3) Evaluation of total bioactive compound content in vitro-derived hop plantlets. M3 M4 3

Ad) Regulation of bioactive compounds synthesis through in vitro culture

techniques %3 B 43

|A5) Chemical characterization of hop leaf bioactive compounds M6 M7 M8 M6 M9 M10|

|A6) Writing and Editing M11 M12 M13

Milestones M1: Identification of the most promising hop genotypes in terms of polyphenol content and antioxidant activity. M2: Evaluation of the influence of stress treatments on vegeto-productive parameters. M3: In vitro collection of hop genotypes. M4: Identification of the most
promising in vitro cultured genotypes. M5: identification of the best in vitro cultural conditions. M6: Intership at the “Packtin” company. M7: Chemical characterization of open field leaves. M8: Chemical characterization of vitro -derived leaves. M9: Chemical characterization of
open field derived leaves stress treated. M10: Chemical characterization of vitro-derived leaves treated with elicitors. M11: Presentation of first year results. M12: Research at foreign universities. M13: Presentation of second year results. M14: Presentation of final results.
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Application of innovative, non-thermal technology and edible coating to
extend the shelf life of fresh cut fruits

Caterina Li Citra (caterina.licitra0l@unipa.it)
Dep.t Agricultural, Food and Forest Sciences, University of Palermo, Viale delle Scienze, Edificio 5, Italy
Tutor: Prof. Luciano Cinquanta - Co-Tutor: Prof. Pellegrino Conte

This industrial PhD project has been founded by MIUR through the Research and Innovative National Operative
Program (PON) and developed in collaboration whit Universidad Politécnica de Valencia and Campo D’Oro S.r.1.
company. The main aim of the PhD project is to extend the shelf life of fresh-cut products through the application
of innovative, non-thermal technologies, such as UV, ultrasound or cold plasma, and / or the use of edible
film/coating. The effectiveness of the different treatments will be assessed through chemical, physical and
microbiological analyses with the aim of establishing the most suitable treatment for making a fresh-cut product
that is safe and organoleptically acceptable by the consumer.

Applicazione di tecnologie innovative, non termiche e coating edibili per prolungare la
shelf life dei prodotti di IV gamma

Il progetto di dottorato industriale é stato finanziato dal MIUR attraverso il Programma Operativo Nazionale di
Ricerca e Innovazione (PON) e sviluppato in collaborazione con Universita Politecnica di Valencia e la societa
Campo D'Oro S.r.l. L'obiettivo principale del progetto di dottorato & prolungare la durata di conservazione dei
prodotti di IV gamma grazie all'applicazione di tecnologie innovative, hon termiche, come UV, ultrasuoni o plasma
freddo, e/o I'uso di film/coating edibili. L’efficacia dei diversi trattamenti sara valutata attraverso analisi chimiche,
fisiche e microbiologiche con il fine di stabilire il trattamento pit adatto a realizzare un prodotto di IV gamma
sicuro e accettabile dal consumatore.

1. State of the Art

The fruit and vegetable processing and supply chains represent an important pillar of the food industry.
Consumption of fresh fruits and vegetables is deemed healthful for the high nutritional value of these products.
However, the fresh-cut product can also be a source of foodborne illness. The high perishability of the product is
due to endogenous reasons, related to enzymatic activity, and exogenous, such as, for example, the high risk of
microbial contamination before and during the production stages. The traditional method currently in use involves
a pre-treatment based on hypochlorite or chlorine with a concentration ranging between 50 and 200 ppm, or the
use of trisodium phosphate for the prevention of pathogenic fungi. These pre-treatments, in addition to having an
environmental impact, are not appreciated, and considered safe by consumer who prefers alternative methods to
chemical. Currently, to reduce the biochemical and physiological changes and prevent the microbiological
degeneration, there are different physical and chemical approaches. Among the physical methods are worthy of
mention the use of UV-C rays at 257 nm, the use of low-frequency ultrasound, non- thermal, non-toxic, and safe
technology, which integrated with other biological and physical procedures have given good results in terms of
prevention or microbial inactivation. Finally, the pulsed light, non-thermal technology, replacing UV-C rays and
cold plasma, have been investigated too. To the methods described above to preserve freshly cut fruit can be added
edible coating or film based on polysaccharides, lipids and proteins obtained from the processing of industrial and
non-industrial waste that act as a barrier to water vapor and oxygen. The films are sometimes integrated with
chemical or natural additives, such as essential oils or plant extract. However, the immediate inclusion of essential
oils in the films can reduce the mechanical characteristics, load capacity, and increase the risk of an "oil effect".
Otherwise, use of nano-emulsions, oil/water emulsions with an average diameter between 100 and 500 nm give
greater transparency, stability, and resistance and greater antimicrobial efficacy. This PhD thesis project will be
directed to evaluate the most promising single or combined innovative treatment to extend the shelf life of fresh
cut products.

2. PhD Thesis Objectives and Milestones
Within the overall objective mentioned above this PhD thesis project can be subdivided into the following activities
according to the Gantt diagram given in Table 1:

A.1 Literature research and experimental planning

A.2 Effect of ultrasound treatment on texture, colour and microbiology, enzymatic activity, and Aw.

A.2.1 Investigation of the effect of the ultrasonic bath with or without additives (ascorbic acid, calcium chloride).
Evaluation of the effectiveness of the treatment. It depends on the intrinsic characteristics of the product or on the
treatment parameters (frequency, time, power (W) and temperature).

A.2.2 Study on the effect of ultrasonic cutting on fresh-cut products on colour, pH and sensory attributes.
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A.3 Study on the effects of cold plasma on fresh-cut products. Cold plasma is an emerging antimicrobial
technology for the sanitation of various food products. Plasma is composed of gas molecules, in a dissociated state
thanks to an energy input 24. The goal is to evaluate the shelf life of the final product in relation to gas, flow rates,
power (W) and treatment time.

A.4 Realization and study of the effects of edible active film or coating with controlled release of natural
antimicrobials and antioxidants.

A.4.1 Study of the effects of the coating and film with the inclusion of natural additives. In addition to essential
oils, the focus will be on extracts from herbs and wild plants. In particular, the Sicilian sumac. The bioactive
principles of sumac will be extracted and inserted into the film with different inclusion techniques.

A.4.2 Investigate and experiment with different film making techniques, from the traditional one solvent casting
to the most recent electrospinning, a method for producing from solutions polymeric thin fibers with diameters of
nanometers and microns thanks to interaction electrostatic.

A.4.3 Study of the combined effect of film or coating and UV rays. In addition to determining microbial
inactivation, UV rays could solve the problem of immediate evaporation of the solvent, which can be achieved
thanks to an appropriate formulation of the coating recipe. We will try to formulate a coating that exposed to UV
rays presents the immediate evaporation of the solvent and at the same time the effectiveness of UV rays on the
shelf life of the product will be evaluated.

A.5 Statistical data processing, scientific papers, writing and editing of PhD thesis

Table 1

| YEAR I YEAR 1 YEAR
Al

A2
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Apulian Salicornia: from medicinal plant to innovative nutraceutical
supplement

Francesco Limongelli (francesco.limongelli@uniba.it)
Dept. Soul and Food Science, University of Bari, Italy
Tutor: Prof. Filomena Corbo

Salicornia is a halophytic weed that grows abundantly on the Mediterranean coast and whose health-promoting
potential is known in the literature. The project aims to extract, characterise and quantify the bioactive compounds
present in the plant. The work plan is to explore the antioxidant and antinfiammatory profile through chemical and
in vitro assays on HepG2 and A549 cell lines. In line with the experimental design, the collected data will be used
to candidate the plant for the formulation of a potential nutraceutical to be proposed to the national and
international food supplement market.

Salicornia: da pianta medicinale ad innovativo integratore nutraceutico

La Salicornia & una pianta alofita infestante che cresce abbondantemente sulle coste del Mediterraneo. 1l progetto
ha lo scopo di estrarre, caratterizzare e quantificare i composti bioattivi presenti nella matrice vegetale. Il piano di
lavoro prevede di esplorare il profilo antiossidante e antinfiammatorio mediante saggi chimici e in vitro su linee
cellulari HepG2 e A549. In linea con le finalita progettuali, i dati sperimentali raccolti saranno utilizzati al fine di
candidare la matrice vegetale per la formulazione di un potenziale nutraceutico da proporre al mercato nazionale
e internazionale dell’integrazione alimentare.

1. State-of-the-Art

Nowadays, there has been considerable attention toward the recovery of the waste plant matrices as possible
sources of functional compounds with health properties. In this regard, we focused our research program on
Saliconia, a halophyte plant that grows abundantly on the coasts of the Mediterranean area. The project aims to
investigate this plant by transforming it from a weed waste to a health resource. It is used not only as a seasoned
vegetable, but also in traditional medicine for the treatment of diseases such as obesity, diabetes and cancer and
its consumption has been extended as a functional food for its many beneficial effects. The overall literature studies
suggest that Salicornia is rich in numerous bioactive components such as pentadecyl ferulate, phytol, stearolic
acid, c-linolenic acid, (3Z, 6Z, 9Z) -tricosa-3,6,9-triene, linoleic acid, stigmasterol, ergosterol, dioctyl phthalate,
dibutyl phthalate, vanillic aldehyde and scopoletin; it was found that pentadecyl ferulate has a strong antioxidant
activity as well as phytol has an antiproliferative action on HepG2 cells.'? To this purpose, we focus our attention
on the health properties evaluation of Apulian Salicornia by innovative green extraction procedures, and biological
activity on HepG2 and A549 cells. In addition, the study may be extended to other biological activities so as
antimicrobial profile.® Finally, bioaccessibility and bioavailability studies useful will be carried out to produce a
nutraceutical supplement with a health antioxidant and antiproliferative profile.

The proposed project is granted as PhD research on REACT EU XXXVII cycle and was funded under the Green
topic. It will take place in collaboration with an Apulian Start up, Sestre srl, which produces nutraceuticals. The
study started in January 2022 with the first WP concerning the feasibility study based on literature data and market
analysis.

2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above this PhD thesis project can be subdivided into the following activities
according to the Gantt diagram given in Table 1:

WP1) After a thorough analysis of scientific literature, it will be developed an experimental design for green
and efficient extraction methods. Afterwards we will proceed to analytical characterization of extract components
through HPLC.

WP2) Evaluation of antioxidant activity through antiradical assays like ABTS, DPPH and analysis of their
antinfiammatory activity

WP3) Bioavailability and bioaccessibility studies of the extracted matrice.

WP4)  Nutraceutical formulation with a health antioxidant and antiproliferative profile

WP5)  Writing and Editing of the PhD thesis, scientific papers and poster communications.
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Table 1 Gantt diagram for this PhD thesis project.

WP | TASK | i (mjpiviv (v

Task 1.1 Analysis of scientific literature

Task 1.2 Sampling of Salicornia

WP1
Task 1.3 Experimental design for extraction methods

Task 1.4 Analytical characterisation of extract compounds

WP2 Task 2.1 Chemical evaluation of antioxidant activity
Task 2.2 In vitro and in vivo analysis of extracts
WP3 | Task 3.1 Bioavailability and bioaccessibility studies

WP4 | Task 4.1 Nutraceutical formulation

WP5 | Task 5.1 Writing and Editing of the PhD thesis
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Use of meta-omics approaches for characterization of microbiota isolated
from different ecological niches
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Tutor: Prof. Fabio Minervini

This PhD thesis research project is aimed to characterize microbiota inhabiting different ecological niches trough
meta-omics approaches. This approach, applied to food, including food waste and by-products, could be a great
opportunity to increase knowledge about microbiota. By-products from different fruit (e.g., pomegranate) and
vegetables may be regarded as an interesting secondary raw material, but still not investigated in depth. The
characterization of the microbiota in these niches would also help to lay the basis for an efficient exploitation.

Approcci meta-omici per la caratterizzazione del microbiota in diverse nicchie
ecologiche

Questo progetto di tesi di dottorato mira all’applicazione di approcci meta-omici al fine di caratterizzare il
microbiota di diverse nicchie ecologiche. Questo approccio, applicato agli alimenti, includendo scarti e
sottoprodotti alimentari, potrebbe essere una grande opportunita di incrementare la conoscenza del microbiota. |
sottoprodotti derivanti della lavorazione di diversi tipi di frutta (es., melograno) e verdura possono essere
considerati come un'interessante materia prima seconda, di cui si sa ancora molto poco. La caratterizzazione del
microbiota in queste nicchie aiuterebbe anche a porre le basi per uno sfruttamento efficiente.

1. State-of-the-Art

Climate change, also caused by high concentrations of carbon dioxide in the atmosphere, induces higher levels of
non-structural total carbohydrates (e.g., starch and easily digestible carbohydrates) and lower levels of protein in
most crops used for food production (Dietz, 2020). Furthermore, high concentrations of carbon dioxide cause a
decrease in many minerals (e.g., iron and zinc), not only in whole plants (especially C3 plants, such as rice and
wheat), but also in the edible organs of plants. All these aspects are contributing to the increase the prevalence of
health problems in the world population, such as:

- Overweight (caused by the excessive introduction of food to compensate for the deficiency) (Loladze, 2014);

- Malnutrition (in subjects characterized by exclusion diets linked to allergies or intolerances) (Schreiner et al.,
2020).

Hence, the project idea of developing food products enriched in proteins, minerals and vitamins, starting from a
second raw material, through the fermentation with microorganisms isolated from the matrix. The study of
scientific literature concerned especially pomegranate seeds, a by-product of pomegranate juice processing.
Compared to arils, pomegranate seeds contain even higher amounts of nutritionally valuable components, such as
proteins, fibers, ellagitannins, polysaccharides and minerals (Gil and Sen, 2017; Venkitasamy et al., 2019).
Studies conducted so far have looked at the enrichment of food and feed with pomegranate seed meal (Table 1).
However, no studies have characterized the microbiota of pomegranate seeds and juice yet. The use of
microorganisms as starters of fermentation processes could improve the nutritional aspects of foods (Ahmed et al.,
2017).

Table 1 Main applications of by-products from pomegranate juice production in the food and feed sectors.

By-products Example of Case Study Beneficial proprieties References
Pomegranate peels Fortification of macaroni High level of dietary fiber and Khojah and Hafez, 2018
natural antioxidant compounds
useful for treating and reducing
cholesterolhemia

Pomegranate peels Fortification of wheat Antioxidant capacity Altunkaya et al., 2013
bread

Pomegranate seeds Fortification of gluten-free  Enrichment in bioactive Dib et al., 2018
pasta compounds

Pomegranate seeds Fortification of wheat Dough rheology and bread Giil and Sen, 2017
bread quality

Pomegranate peels and Supplemented feeds Improving the nutritional quality Ahmed et al., 2017

seeds and shelf-life of broiler meat
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2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above, this PhD thesis project can be subdivided into the following

activities according to the Gantt diagram given in Table 2;

Al) Collection and characterization of by-products (microbiological characterization using culture-dependent
and meta-omics approaches; chemical characterization and evaluation of health-promoting activities through
in vitro analysis).

AZ2) Isolation and identification of microorganisms from spontaneously fermented by-products.

A3) Controlled fermentation of by-products with microorganisms isolated from the matrix.

A4) Characterization of fermented by-products (microbiological characterization using meta-omics
approaches, chemical characterization and evaluation of health-promoting activities through in vitro
analysis).

Ab5) Technological application (production of a novel food with fermented by-product).

AB6) Writing and editing of the PhD thesis, scientific papers and oral and/or poster communications.

Table 2 Gantt diagram for this PhD thesis project.

Activity

IA1) Collection and
characterization of by-
products

IA2) Isolation and
identification

IA3) Controlled
fermentation

IA4) Characterization of
fermented by-products
IA5) Technological
application

IA6) Writing and editing
of thesis and papers
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Advanced Emulsions as Bioactive Compound Carriers for Functional Food
Design: Technological and Nutritional Aspects

Eleonora Loffredi (eleonora.loffredi@unimi.it)
Department of Food, Environmental and Nutritional Sciences, University of Milan, Milan, Italy
Tutor: Prof. Cristina Alamprese

This PhD research project is aimed at studying at a technological level different types of advanced emulsions
enriched with a bioactive compound by applying the Design of Experiment and Response Surface Methodology
techniques. Subsequently, the optimized emulsion formulations will be tested in some food matrices, different for
production process technology and storage conditions, to verify the effect of the emulsions on the quality of the
final products. Finally, in vitro tests will be performed to evaluate both the emulsion stability during all the
digestion steps and the protection and bioavailability of the bioactive compound.

Emulsioni complesse come sistemi di trasporto di composti bioattivi per lo sviluppo di
alimenti funzionali: aspetti tecnologici e nutrizionali

Questo progetto di ricerca di dottorato mira allo studio a livello tecnologico di alcune tipologie innovative di
emulsioni arricchite con un composto bioattivo, attraverso 1’applicazione delle tecniche di disegno sperimentale e
di superfici di risposta. Successivamente, le formulazioni ottimizzate saranno applicate in matrici alimentari che
differiscono per processo di produzione e condizioni di conservazione per verificare I’effetto sulla qualita dei
prodotti finiti. Infine, verranno condotti test in vitro per valutare sia la stabilita dell’emulsione durante tutte le fasi
della digestione, sia il livello di protezione e la biodisponibilita del composto bioattivo.

1. State of the Art

Food emulsions consist of two immiscible phases, one as a continuous phase and one as a dispersed phase in small
droplets. Conventional emulsions are thermodynamically unstable, limiting certain applications. Moreover, they
have a limited ability to control the release profile of encapsulated ingredients and often a high amount of fat is
required to form oil-in-water emulsions and achieve a viscous or semi-solid texture (Tan & McClements, 2021).
Advanced emulsion systems have been developed to overcome these issues, including double or multiple
emulsions, able to encapsulate and protect both hydrophilic and lipophilic bioactive molecules (Aditya et al.,
2015). Another delivery system particularly interesting is that of emulsion gels, i.e., soft solids in which emulsified
lipid droplets are entrapped within a gel matrix (Dickinson, 2012). These systems have good physical stability and
mechanical properties, and they can deliver lipid-soluble ingredients. The latest trend is on Pickering emulsions,
i.e., particle-stabilized emulsions that have unique properties due to the almost irreversible adsorption of particles
at the oil-water interface. Recently it has been found that some environmentally friendly particles, such as modified
starch granules (Li et al., 2020) and -cyclodextrin esters (Leclercq et al., 2020), can efficiently stabilize Pickering
emulsions.

In the last decade, the interest in the fate of emulsions after digestion has increased, as well as the need to
understand the role of the emulsion structure and composition to better design foods and beverages. Different in
vitro methods have been developed to simulate the digestion process, considering digestive enzymes, their
concentration, pH, and digestion time. There are several types of in vitro digestion methods (e.g., static, semi-
dynamic, and dynamic), which differ for the simulation conditions, such as pH gradients during the gastric and
intestinal phases, food flows, and intestinal uptake. However, to overcome differences among laboratories’
procedures, an international network of multidisciplinary experts harmonized the digestion conditions by
publishing the INFOGEST protocol (Minekus et al., 2014).

Because most bioactive compounds have a highly unsaturated structure that is susceptible to chemical degradation,
encapsulation within emulsions might be a way to protect and increase their stability (Jain, Winuprasith, &
Suphantharika, 2020). Only a few studies were found on the application of emulsions as bioactive compound
carriers in real food products, and none of them performed a technological evaluation of the effect on the final
food structure and digestion fate. The application in food products of these delivery systems can exploit bioactive
compounds extracted from food wastes and losses (Marinelli et al., 2020), thus enhancing the sustainability of the
production chain.

2. PhD Project Objective and Milestones

The overall objective of this PhD research project is the development and optimization of advanced emulsions as
bioactive compound carriers for the design of functional foods. It will be reached by performing the following
activities according to the Gantt diagram shown in Fig. 1:
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Al) Literature survey about emulsions. Study of the different emulsion-based systems (e.g., single, double, gel,
and Pickering) in terms of composition and process conditions. The most suitable methods for emulsion
characterization will be also defined. Deliverable (D) 1. Report on emulsion characterization methods.
Milestone (M) 1: Choice of the experimental factors.

A2) Study and optimization of the advanced emulsion systems. Design of Experiment (DoE) techniques and
Response Surface Methodology (RSM) will be applied for the evaluation of the main and interaction effects
of composition (e.g., emulsifier/solid particle type, dispersed and continuous phase composition, type of
bioactive compound) on the properties of different emulsion systems. The technological evaluation will
include rheological behaviour, microstructure, droplet size distribution, and creaming stability during storage.
RSM results, coupled with the desirability function, will be used for the optimization of formulation and
processing conditions of the different emulsion systems considered. D2: Optimized formulations of the
advanced emulsions. M2: Choice of the advanced emulsions to be used in food design. Risk (R) 1:
Difficulties in optimizing stable advanced emulsions; mitigation action: adjustment of formulation and
processing/storage conditions.

A3) Food applications. The optimized delivery systems will be applied to three different food products (e.g.,
biscuits, ice cream, and kefir). Technological parameters for each food matrix will be evaluated to design
enriched food products. D3: Functional food formulations. M3: Choice of the functional foods to be subjected
to nutritional characterization. R2: Difficulties in the design of foods with the chosen emulsions; mitigation
action: revision of the emulsion formulation/process and/or choice of different food products.

A4) Nutritional evaluation. Both the optimized emulsion systems and the food prototypes developed will
undergo in vitro tests to assess the digestibility and the bioaccessibility of the bioactive compound. In
particular, in vitro digestion will be performed according to the INFOGEST protocol. D4: Nutritional profile
of the functional foods.

Ab) Data elaboration. The most suitable statistical tools will be applied to all the collected data.

A6) Manuscript elaboration. During the three-year project, scientific papers and oral/poster communications
will be prepared, thus assuring proper dissemination of the results. D5: At least three scientific papers besides
the PhD thesis.

Figure 1  Gantt chart of the PhD project

Activities Year 1 Year2 Year 3
2034|567 |8|e 1011|121 |2]|3|4|5]|6 |7 |89 40|11 121 |2|3]|4|5]|6]|7|8]|9|10]1]i2

Al)|Literature survey
A2)|Study and Optimization of Emulsions

DoE development

Preparation and characterization
Optimization based on RSM
A3)|Food applications:

Baked goods

Frozen desserts

Fermented products

A4)|Nutritional evaluation:

In vitro digestibilty (INFOGEST)
Bioaccessibility of bioactive compound
AS)|Data elaboration

A6)|Manuscript elaboration
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Development of multiresponse kinetic models for the prediction of stability
and shelf life of dry foods
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Today, the use of novel bio-based materials for food packaging is increasing exponentially. However, their
application could dramatically affect food stability, especially when dealing with long-life low-moisture foods.
The higher sensitivity of novel packaging to moisture compared to that of conventional packaging materials results
in a less effective barrier against water uptake, ultimately compromising the stability, and thus the shelf life, of
low-moisture food. This Ph.D. project aims to develop multiresponse kinetic models for the shelf life prediction
of dry foods.

Sviluppo di multiresponse kinetic models per la previsione della stabilita e shelf life di
alimenti a basso valore di umidita

Al giorno d’oggi I'utilizzo di nuovi materiali bio-based per I’imballaggio di alimenti sta aumentando
esponenzialmente. Tuttavia il loro impiego potrebbe influenzare sostanzialmente la stabilita degli alimenti,
soprattutto nel caso dei prodotti secchi e a lunga durabilita. La maggiore sensibilita di questi materiali al vapore
acqueo rispetto ai materiali convenzionali determina una minor efficacia in termini di barriera contro
I’assorbimento di acqua, compromettendo cosi la stabilita, e pertanto la durabilita, degli alimenti secchi. Questo
progetto di dottorato si prefigge 1’obiettivo di sviluppare dei multiresponse kinetic models per la previsione della
shelf life degli alimenti secchi.

Keywords: dry foods; shelf-life, multiresponse modeling, packaging, biopolymers

1. State-of-the-art

Dry food stability and, hence, shelf life mostly depends on water uptake during storage. Water may be responsible
for undesired physical changes or trigger chemical reactions whose extent depends on the dynamic change in
moisture content and, thus, in water activity. For this reason, these foodstuffs are usually protected by employing
high water barrier packaging materials such as petroleum-derived polymers. Their barrier properties against water
vapor guarantee a negligible water uptake during storage. Despite their worldwide extensive application in food
packaging, their use brings about severe environmental impacts, due to poor biodegradability, micro-plastic
pollution, and leaching of chemical compounds (e.g., plasticizers) in oceans and lands. To overcome these issues,
several compostable and biodegradable packaging solutions have been developed. Even though this new class of
bio-based polymers (or biopolymers) represents a promising alternative to conventional ones, their application is
critical due to their moisture sensitivity. The transition from conventional to bio-based packaging materials is thus
expected to be responsible for modifications of food stability, bringing about the need for a careful re-assessment
of product shelf life. To date, moisture uptake in packaged dried foods has been evaluated based on a canonic
modeling approach which aims to estimate the time needed to reach a “critical moisture content”, corresponding
to food water monolayer (Labuza, 1980). This approach, introduced by Heiss (1958) is based on the following two
hypotheses: (i) food water content and water activity affect the rate of quality decay and the relevant kinetic model;
(ii) the water vapor permeability of packaging material does not depend on the partial pressure gradient between
the relative humidity inside and outside the film. However, until now this last assumption has been demonstrated
only for conventional polymers. By contrast, based on the few data available in the literature, biopolymers exhibit
a humidity-dependent behavior, whose effect on food quality and stability is still unknown and difficult to predict
based on conventional kinetic models (Lee and Robertson, 2021). The development of mathematical models,
taking into account the humidity-dependence of the packaging materials, is thus required to predict both the
performances of biopolymeric materials during storage and the stability and shelf life of food. Based on these
considerations, this Ph.D. project aims to develop multiresponse kinetic models (Bahmid et al., 2021) accounting
for the conjoint behavior of biopolymer and dry food under different environmental conditions (e.g., temperature
and relative humidity). These models will be able to simulate the shelf-life evolution of dried foods while
considering dynamic changes in food properties (e.g. water activity, glass transition temperature, micro-structure),
packaging characteristics (e.g., water vapor permeability, film thickness, head-space volume), and different
environmental conditions (e.g., temperature and relative humidity). For this purpose, different food matrices and
different bio-based packaging materials will be considered, and, depending on food features, different quality
decay reactions will be monitored.
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2. Ph.D. Thesis Objectives and Milestones

During the first year, the evaluation of physical and physicochemical properties (e.g., aw, Tg) Of different dry food
matrices (i.e., potato chips, corn flakes, whey protein isolate powder, instant and ground coffee) were assessed.
Indicators suitable to monitor food quality decay and relevant acceptability limits were also identified. Considering
the next 24 months, according to the Ph.D. thesis project, the following activities will be pursued (Table 1):

AQ) Literature review;

Al) Permeability assessment of conventional and bio-based materials as a function of different parameters (e.qg.,
temperature, relative humidity) to investigate their behavior in the whole environmental conditions range;

A2) Kinetic data collection relevant to quality decay rates of the chosen food matrices under different conditions
(e.g., temperature, relative humidity);

A3) Based on Al and A2, different multiresponse kinetic models accounting for the conjoint behavior of
packaging materials and food matrices under different environmental conditions will be developed and validated;
A4) Mobility period;

Ab) Papers and thesis writing.

Table 1. GANTT Diagram for this PhD thesis project

Months
Activity
AO0) |Literature review
Al) [Permeability assessment

1) Permeance evaluation of
petroleum-based materials at
different temperatures

2) Permeance evaluation of bio-
based materials under different
conditions

A2) [Kinetic data collection
1) Kinetic modeling and stability
assessment

2) Modeling the dependence of the
environmental variables on
quality decay rates

Multiresponse kinetic model
development and validation
A4) |Mobility period

Ab) |Papers writing and thesis
development

A3)
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The aim of this Ph.D. project is the reduction of fruit waste by early, in-line and precise fruit damage detection,
using a combination of bioimpedance and 3D imaging methods. The novel method will be validated by coupling
the electrical data, collected from non-invasive impedance measurements, with the optical techniques available at
the industrial partner. Given the industrial nature of this Ph.D., the project will have a strong focus on the
development of non-invasive methods and machines, for the fast and real-time measurement of fruit quality in
both the sorting and post-harvest storage stage of the fruit supply chain.

Riduzione degli sprechi di frutta attraverso il rilevamento precoce dei danni in post-
raccolta utilizzando metodi di imaging 3D

L'obiettivo di questo progetto di dottorato € la riduzione degli scarti di frutta attraverso il rilevamento precoce, in
linea e preciso dei danni alla frutta, utilizzando una combinazione di bioimpedenza e metodi di imaging 3D. Il
nuovo metodo sara convalidato accoppiando i dati elettrici, raccolti con misure di impedenza, con tecniche ottiche
disponibili presso il partner industriale. Data la natura industriale di questo dottorato, il progetto sara fortemente
incentrato sullo sviluppo di metodi e macchinari non invasivi, per la misurazione rapida e in tempo reale della
qualita della frutta sia nella fase di selezione che in quella di conservazione post-raccolta.

1. State of the Art

Fruit quality evaluation can be implemented through each step of the fruit supply chain. More specifically, the
fruit sorting happening in the post-harvest stage can be carried out based on both internal (e.g., interior defects)
and external (e.g., modification in color) quality attributes and defects, mostly related to damages. Here, the most
common type of damage, mostly caused by a mishandling of the fruit, are temperature (e.g., freezing, thermal
shocks) and mechanical-related (e.g., pressure, impact). Freezing can happen during cultivation and preservation
(Jha et al., 2019), while mechanical damage or bruising can happen by dynamic forces during transportation
(Mahanti et al., 2022). The purpose of sorting, next to the identification of quality classes, is to identify fruit that
are unsuitable for the market due to the presence of damages. There are different techniques for quality
measurement, which can be categorized into two main groups: destructive and non-destructive methods.
Destructive methods are slow, time-consuming, and require sample preparation, thus they cannot be used for large-
scale measurement. On the other hand, non-destructive methods are fast and provide immediate measurement
which is suitable for industry. In this context, non-destructive methods can be divided into two subcategories:
electrical impedance spectroscopy (or bioimpedance when applied to a biological tissue) and a variety of optical
methods.

Bioimpedance is the response of biological tissue to an applied, frequency-dependent, electrical field and it is
measurable by contacting the fruit by means of electrodes placed directly on its surface. This method, despite being
accurate, is slow and time-consuming which makes it more suitable for laboratory research purposes. With
increasing demands for real-time detection of fruit quality at the industrial level, it is necessary to develop a non-
destructive and non-contact detection system (Srivastava and Sadistap, 2018). The currently available non-contact
quality detection technologies for postharvest products are based on optical methods. The optical techniques, that
are based on the interaction of the light with the sample under the test, include colorimetry (Reid, 2012), visible
imaging (Jha et al., 2019), visible and near-infrared (VIS-NIR) spectroscopy (Cortés et al., 2019), hyperspectral
and multispectral Imaging (Qin et al., 2013).

Other non-invasive methodologies that are based on the interaction of the electromagnetic field with the sample
for evaluating fruit quality are Magnetic Resonance Imaging (MRI) (Barreiro et al., 2000) and Computer
Tomography (CT)(Du et al., 2019). The aim of this green Ph.D. project is to focus on the development of a novel
non-invasive method for fruit quality assessment by combining the two above-mentioned electrical and optical
approaches. Furthermore, the development of a novel non-contact approach, based on the interaction of the fruit
with an electromagnetic field, will be considered.
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2.Ph.D. Thesis objective and milestones

The main milestones, corresponding to the three stages of this project, are the following:

M1 — Literature research: research on most recent literature on the study topic.

M2 — Stage 1: measuring bioimpedance with available instruments in the laboratory and collecting bio-impedance.
M3 — Stage 2: The bio-impedance measurements will be coupled with existing optical techniques in the
Biometic/Microtec company. The results of the first stage will be coupled with the outcomes of this stage, in order
to develop a new method for non-destructive measurement.

M4 — Stage 3: Finally, within this stage, the development of a new and optimized non-destructive method for bio-
impedance measurement will be finalized. The optimized model will allow for the detection of the defected fruit
during fruit sorting.

Table 1: Gantt diagram for this Ph.D. thesis project

Milestones 1t year 2" year 3" year
Terms I il I 1 I AV I T O 1 I I AV
M1 — Literature research
M2 — Stage 1

M3 — Stage 2

M4 — Stage 3
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This PhD research project is aimed at developing extracts and fermented officinal plants, evaluating their sensory,
antimicrobial, nutraceutical functions and their potential use inside food products.

Sviluppo di estratti e fermentati di piante officinali per uso alimentare con funzione
sensoriale, antimicrobica e nutraceutica

Questo progetto di dottorato mira allo sviluppo di estratti e fermentati di piante officinali, valutandone le funzioni
sensoriale, antimicrobica, nutraceutica e il potenziale inserimento in prodotti dell’ambito alimentare.

1. State-of-the-Art

Fermentation is an ancient food technology, still today subject of study and improvement, that can enhance
sensory, organoleptic, nutritional quality and shelf-life of products and recently, this bioprocess has been applied
to the production and extraction of bioactive compounds by food, chemical and pharmaceutical companies (Hur
et al., 2014). Fermented foods have unique functional properties due to the presence of microorganisms capable
of improving nutraceutical aspects, eliminating unwanted components, preventing food spoilage and fortifying
food with bioactive compounds.

In this research project, plant extracts are used for fermentation tests with microorganisms capable of developing
on these substrates and after fermentation. Products will be evaluated by checking the presence of new properties
or potentially beneficial molecules. Plants are well known as source of bioactive compounds and indigenous
microflora, that can have beneficial effects on human health and more and more plant natural products have been
identified for different applications, especially in nutritional and pharmaceutical fields (Zhou et al., 2014).

The choice of microorganisms for fermentation depends on yield production and desired final products (Table 1);
certainly, the bioprocess can be optimized by identifying the suitable plant-microorganism combination and the
optimal incubation time and conditions (Hur et al., 2014). In this respect, products containing lactic acid bacteria
are gaining more and more importance (Gupta and Abu-Ghannam, 2012).

Table 1 Main microorganisms and enzymatic activity used in food fermentation (Hur et al., 2014).

Microorganisms

Species

Active enzymes

Lactic acid bacteria

Fungi

Yeast

Lactobacillus acidophilus
Lactobacillus casei
Lactobacillus fermentum
Lactobacillus lactis
Lactobacillus plantarum

Lactobacillus rhamnosus

Bacillus cereus
Bacillus subtilis
Bacillus thuringiensis
Aspergilus niger

Aspergilus oryzae

Cryptococcus flavus
Cryptococcus sp. S-2
Rhodotorula glutinis

Saccharomyces cerevisiae

Amylase, lactate dehydrogenases, peptidases, proteinase

Amylase, lactate dehydrogenases, peptidases, proteinase

Amylase, lactate dehydrogenases, peptidases, proteinase

Amylase, aminotransferases, decarboxylase, esterase, lactate dehydrogenases, peptidases, proteinase
Amylase, p-glucosidase, decarboxylase, lactate dehydrogenases, peptidases, phenolic acid decarboxylases,
phenol reductase, proteinase, tannase

Amylase, cellulases, esterase, glucoamylase, p-glucosidase, lactate, dehydrogenases, peptidases, proteinase
Amylase, cellulases, tannase

Amylase, cellulases, hydrolases, levansucrase, peptidase, proteases, xylanase

Amylase, cellulases, tannase

Amylase, cellulases, estrase, fucoidanase, glucoamylase, p-glycosidase, invertase, lipase, mannanase,
pectinases, phytase, protease, tannase, p-xylosidase, xylanase

Acid protease, o-galactosidase, amylase, invertase, lignin peroxidase, tannase

Amylase, p-glucanases, B-glucosidase, catalase, esterase, lipase, proteases, xylanases

Amylase, B-glucanases, B-glucosidase, catalase, esterase, lipase, proteases, xylanases

Alcohol dehydrogenase, amylase, p-glucosidase, epoxide hydrolases, invertase, lipase, pectinase,

tannase, thiamine hydroxylase

Alcohol dehydrogenase, amylase, B-glucosidase, invertase, maltase, proteases

The fermentation of plant-based extracts can give an improvement in antioxidant activity and bioaccessibility of
natural bioactive compounds (Hur et al., 2014), as well as a reduction of antinutritional components and toxic
substances in plant foods (Reddy and Pierson, 1994; Gupta and Abu-Ghannam, 2012).

This kind of fermented products and any final derived substances can be potentially used in the formulation of
novel foods or be subjected to the extraction of bioactive substances produced, potentially beneficial for the human
body (Hur et al., 2014). Functional foods are becoming increasingly popular since modern consumers are
interested in their own health and expect the food they eat being healthy or even preventing illness. In the last
years there has been an increase in the marketing and in consumption of fermented foods as functional foods,
nutraceutical-based foods and organic foods (Gupta and Abu-Ghannam, 2012).
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2. PhD Thesis Objectives and Milestones

Based on the overall objective mentioned above this PhD project can be subdivided into the following activities,
according to the Gantt diagram given in Table 2:

Al)

A2)

A3)
Ad)

AS5)

Selection plant extracts: starts with optimization of heat treatment in order to maintain natural components
of plants (A1.1) and continues with fermentation tests of different plant extracts by some microorganisms
(AL1.2).

Choice food-grade microorganisms: continuing fermentation tests in order to identify which
microorganisms conduct a good fermentation depending on vegetable matrix (A2.1) and find out the optimal
incubation time and conditions (A2.2).

Identification of plant-microorganism: finding out the best plant-microorganism combinations (A3.1) and
checking potentially beneficial molecules from fermentation products (A3.2).

Identification of technological processes: in collaboration with a company stability studies of selected
fermented extracts will be carried out (A4.1) and tested for insertion in final food products (A4.2).

Thesis and Paper Preparation, writing and editing of the PhD thesis, scientific papers and oral and/or poster
communications.

Table 2 Gantt diagram for this PhD thesis project.

Activity Months |12 |3|4|5|6|7|8|9(10/11|12|13|14|15{16|17(18|19|20|21|22|23|24

Al)

Selection plant extracts

1) Optimization heat treatment
2) Fermentation tests

A?)

Choice food-grade microorganisms

1) Fermentation tests
2) Optimization incubation time

A3)

Identification plant-microorganism

1) Optimization fermenting
combinations

2) Check potentially beneficial
molecules

Ad)

Identification technological
processes

1) Stability study
2) Making final products

A5)

Thesis and Paper Preparation |8 S N
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Insight into in-vitro digestibility of leavened baked goods

Federica Mastrolonardo (FMastrolonardo@unibz.it)
Food Science and Technology, Free University of Bozen- Bolzano
Supervisor: Prof. Marco Gobbetti
Internal co-supervisor: Olga Nikoloudaki, PhD
Co-supervisor: Prof. Carlo Rizzello (Sapienza University, Roma)

This PhD research aims to deepen the investigation of the main drivers that characterize the digestibility of bread
employing a static in vitro simulation of gastrointestinal food digestion and simulator of the Human Intestinal
Microbial Ecosystem (SHIME®). Mainly focusing on mapping the factors affecting the digestibility of sourdough
breads and their impact on the human gut microbiome and metabolome.

Approfondimenti riguardo la digeribilita in vitro dei prodotti da forno lievitati

Questo progetto di dottorato mira ad approfondire le conoscenze riguardo i principali fattori che caratterizzano la
digeribilita del pane mediante una simulazione in vitro del percorso gastrointestinale. Inoltre, il funzionamento
dell’ecosistema microbico intestinale umano sara simulato mediante 1’apparato SHIME® (Human Intestinal
Microbial Ecosystem). Nello specifico, le analisi riguarderanno i principali fattori nutrizionali del pane a
lievitazione naturale, comparato al pane con lievito di birra, durante ogni fase della simulazione della digestione
in vitro e il loro impatto sul microbioma intestinale umano e sul metaboloma.

1. State-of-the-Art

Sourdough bread is a staple food essential for human nutrition. Primarily, research concerning sourdough
biotechnology focused on specific technological properties such as natural leavening, texture, taste, and shelf-life.
However, now research is redirected to the nutritional aspects and possible health benefits of sourdough
biotechnology. Fermentation of cereals and pseudo-cereals with lactic acid bacteria improves the taste and enriches
the substrate with several nutritional factors such as peptides and free amino acid (FAA), as well a greater in vitro
protein digestibility level. However,, a long fermentation time leads to a lower glycemic index and decrease in
phytate content and other anti-nutritional factors (Arora et al. 2021).

In addition, many studies have shown that the long fermentation time of the sourdough biotechnology improves
the digestibility of bread. The digestibility is linked to multiple factors both of gastrointestinal nature and
bioavailability of starch and protein, as well as appetite perception (Rizzello et al. 2019). Nevertheless, a clear
definition of bread digestibility concept is difficult to find. In the recent years, a number of in vitro digestion
models have been developed. They aim to investigate the paths of foods during digestion within the upper gastro-
intestinal tract and their physiological effect on human health. Simulated digestion methods typically include the
oral, gastric and small intestinal steps and try to mimic physiological conditions in vivo by using digestive enzymes
and taking into account several parameters, such as pH and digestion time (Li et al. 2020). The use of the Simulator
of the Human Intestinal Microbial Ecosystem (SHIME®) is the only, up to date, in vitro validated system able to
map the impact of various food components on the human gut microbiota (Da Ros et al. 2021). Thus, my PhD
project aims to carry out a precise and in-depth characterization of the main digestibility factors of sourdough
bread compared to baker’s yeast bread, during each segment of the gastrointestinal path tested in vitro. In addition,
the large intestine will be simulated by means of a TWIN SHIME® experimental set up in order to have an overview
on sourdough bread impact on the gut microbiota.

2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above, this PhD thesis project can be subdivided into the following activities

according to the Gantt diagram given in Table 1:

Al) Experimental design of sourdough and baker’s yeast breads. Sourdough bread will be characterized by
fermentation at 30°C for 24 h using Lactiplantibacillus plantarum CR1, Furfurilactobacillus rossiae CR5
and Saccharomyces cerevisiae E10. The sourdough bread will be compared with a baker’s yeast bread
prepared with 1.5% (w/w) of baker’s yeast and fermentation lasting 2 h at 30 °C used as the control.

AZ2) In vitro pre-digestion process of bread samples. The in vitro simulation of human gastrointestinal digestion
consists of 3 phases: the oral phase, the gastric phase and the small intestine phase. The oral pre-digestion
includes food dilution with simulated salivary fluid and the exposure (2 min) to salivary amylase. Then, the
oral bolus is diluted with simulated gastric fluid and gastric enzymes (pepsin and gastric lipase) and
incubation lasting for 2 h at 37 °C, using a pH gradient from 6.0 to 2.0. Finally, the gastric chyme is diluted
with simulated intestinal fluid, bile salts and pancreatic enzymes (pancreatin, lipase, trypsin and
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chymotrypsin), and incubation at pH 7 is extended for further 3 h at 37 °C under static dialysis with a
membrane of 14 kDa.

A3) Analyses in vitro digestibility index of sourdough and baker’s yeast bread at different time points.
Samples during in vitro pre-digestion simulation will be analysed for several digestibility indexes. Sampling
will be done in seven different time points representing each step of the gastrointestinal tract. The first time
points are as follows: To bolus, T1 chyme, T» kilo and permeate. The analyses will concern: Protein hydrolysis
markers (total free ammino acids and peptides), total starch determination, starch hydrolysis products
(amylose, amylopectin, reducing sugar, dextrins), resistant starch and soluble and insoluble fiber.

A4) Determination of the in vitro correlation between the factors affecting the in vitro digestibility of breads
and the human gut microbiota and metabolome. Samples will be further analyzed using the SHIME®, to
evaluate the effect of breads on the gut microbiota functionality. The set-up will be a TWINSHIME®
(UGent/ProDigest) configuration consisting of four consecutive bioreactors simulating stomach and small
intestine together, and ascending (AC), transverse (TC), and descending (DC) colon. Before starting, all the
bioreactor that mimic the colon tracts will be inoculated with a representative healthy fecal sample from the
same donor. Samples will be collected from the SHIME® bioreactors at T3 fecal material collected from
ascending colon tract, at T4 from traversal colon tract, at Ts from descending colon tract and at Te the
descending colon waste. The analyses will involve protein hydrolysis markers (total free ammino acids and
peptides), resistant starch, soluble and insoluble fiber, short chain fatty acids (SCFA), volatile organic
compounds (VOC) and microbiota composition.

A5) Writing and Editing of the PhD thesis, scientific papers and oral and/or poster communications.

Table 1 Gantt diagram for this PhD thesis project.

Activity Months 13|14|15(16(17|18|19|20(21(22|23| 24
Al) |Experimental design sourdough
breads

A2) |In vitro pre-digestion process of
sourdough breads

A3) |Analyses in vitro digestibility index

1)To bolus, T1 chyme, T2 kilo and
permeate,

A4) |Determination of the in vitro
correlation between the factors
affecting the in vitro digestibility of
breads and the human gut
metabolome

1)Ts AC fecal material, T4 TC fecal
material, Ts DC fecal material, Te
descending colon waste

Ab) [Thesis and Paper Preparation
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Improvement And Optimization of Eco-Friendly and Sustainable
Packaging Materials for Meat Products

Anna Mengozzi (anna.mengozzi@unipr.it)
Dept. of Food and Drug Science, University of Parma, Italy
Tutor: Prof.ssa Emma Chiavaro

This Ph.D. thesis aims to study, optimize, and validate innovative packaging materials designed for cured meat
products packaged under a modified atmosphere (MAP) with an improvement in the sustainability and circularity
degree.

Miglioramento e ottimizzazione di materiali di imballaggi sostenibili ed eco-friendly per
prodotti carnei

L’obiettivo di questa tesi di dottorato mira a studiare, ottimizzare e validare materiali di confezionamento
sostenibili ed eco-friendly, ideati per prodotti carnei trasformati conservati in atmosfera modificata.

1. State-of-the-Art

In Italy, pork meat represents one of the most expanding sectors among all the cured meat products nationwide
according to the annual ASSICA Report. The main purchased cured meat products are cooked ham (27,2%)
followed by Prosciutto Crudo (21,8%) (ASSICA Report, 2020). Packaged cured meat products are very sensitive
to microbial growth, discoloration, and fat oxidation, especially due to residual oxygen and water vapour
concentration in the headspace of the package. Therefore, packaging plays a crucial role to avoid chemical,
enzymatic and physical spoilage through efficient barrier properties against humidity, gases (02, CO2, odours),
and UV radiations (Baele et al., 2021).

The traditional packaging for cured meat products combines a modified protective atmosphere (MAP) and a plastic
tray, usually made of polyethylene terephthalate (PET) together with multi-layered packaging composed mainly
of polyethylene (PE) and ethylene-vinyl-alcohol (EVOH). Multi-layered plastic packaging is characterized by
excellent processing performances such as mechanical strength, transparency, low permeability, and heat
sealability. All these properties ensure a high level of quality and safety of the meat. However, multi-layered plastic
materials are not environmentally sustainable since they are assembled from non-renewable sources, i.e. fossil
fuels and natural gases (Peelman et al., 2014) and the recycling process is still an open issue due to challenges
with layers separation (Cinelli et al., 2016).

The massive consumption of such materials further contributes to environmental challenges such as depleting
natural resources, pollution of terrestrial and marine ecosystems, and global warming. Therefore, thanks to recent
European environmental policies and the growing public awareness regarding environmental challenges, there is
an urgent demand to switch to suitable and effective sustainable packaging materials capable of ensuring the same
food quality and safety as conventional packaging materials (VVan Crevel, 2016).

The outlined strategies of the European Commission aiming to swift toward a green transition, include firstly the
reduction of over packaging and food waste. Secondly, all plastic packaging inside the EU market must be reusable
or recycled in a cost-effective manner by 2030. Moreover, also biodegradable and compostable polymers could
represent a possible and alternative solution for achieving sustainable development goals of the Circular Economy
(European Commission, 2020).

Based on this information, this Doctoral project aims to study, optimize, and validate packaging materials designed
for cured meat products in MAP conditions, with an improvement of the sustainability and circularity degree.
Suitable solutions could be the mono plastic materials and bio-based plastics that are both fully recycled, but also
bio-based and compostable materials such as bioplastics (PLA, PHA, PBS). However, to our knowledge, only
limited information is available regarding sustainable packaging for cured meat products in MAP conditions, and
to date, the most sustainable packaging applications in the market are restricted to the use of paper combined with
plastic layers, which ensure the lowest levels of permeability. For this purpose, sustainable packaging materials
will be selected and the required properties for cured meat products stored in MAP will be investigated. In addition,
shelf life analyses will be performed to validate the effectiveness of this alternative packaging, thus comparing it
with traditional packaging’s shelf life.
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2. Ph.D. Thesis Objectives and Milestones

This Ph.D. thesis project can be divided into the following activities according to the Gantt diagram given in
Table 1:

1) Bibliographic research;

2) Study of packaging materials through the following analyses: seal and tensile strength, elongation break
resistance, thermal behaviour, colour and opacity, oxygen and water vapor permeability, and wettability
of the film;

3) Mobility period focused on the improvement of barrier and mechanical properties of the selected
packaging materials;

4) Shelf-life studies of the cured meat products stored in MAP conditions with the most efficient packaging
materials examined in the previous phase. This step will be characterized by microbiological analyses,
water activity, pH, colorimetric analysis, variation of the O, and CO; concentration in the headspace
during the shelf life, sensorial and volatile organic compounds evaluation;

5) Internship at the company;

6) Industrial validation of the innovative and sustainable packaging;

7) Thesis and papers preparation.

Table 1. Gantt diagram of the Ph.D. thesis project.

Activity Months

1) Bibliographic research

2) Study of packaging materials
3) Mobility period

4) Shelf-life studies

5) Internship at the company

6) Industrial validation

7) Thesis and Papers Preparation
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Identification of Aggregate Metabolic Phenotypes for Dietary (Poly)phenols
and Assessment of the Factors associated with their Formation:
Development of an Oral (Poly)phenol Challenge Test (OPCT)

Cristiana Mignogna (cristiana.mignogna@unipr.it)
Dept. Food and Drug, University of Parma, Parma, Italy
Tutor: Prof. Pedro Mena

This PhD thesis research project aims at identifying aggregate metabolic phenotypes (metabotypes) for the main
dietary (poly)phenols, evaluating the determinants of inter-individual variation leading to different phenotypic
profiles and building predictive algorithms for a faster identification of metabotypes. An intervention study carried
out on 300 volunteers, which undergo an oral (poly)phenol challenge test (OPCT) in the form of (poly)phenol-rich
tablets and provide personal information as well as their health status, gut microbiota composition and genotyping,
will allow to find an association between cardiometabolic health and (poly)phenol metabolism. Metabotyping may
thus represent a promising attempt for cardiometabolic health promotion through personalised nutrition initiatives.

Identificazione dei fenotipi metabolici aggregati dei principali (poli)fenoli della dieta e
valutazione dei fattori determinanti la loro formazione: sviluppo di una challenge
nutrizionale per lo studio del metabolismo dei (poli)fenoli

Questo progetto di tesi di dottorato mira ad identificare i fenotipi metabolici aggregati (metabotipi) per i principali
(poli)fenoli della dieta, valutare i fattori della variabilita inter-individuale che portano ai diversi profili fenotipici
e costruire algoritmi predittivi per una piu rapida identificazione dei metabotipi. Uno studio di intervento condotto
su 300 volontari, sottoposti ad una challenge nutrizionale (OPCT) consumando compresse ricche di (poli)fenoli e
fornendo informazioni personali, nonché sul loro stato di salute e includendo profilazioni genetiche e di microbiota
intestinale, fornira indicazioni sull’associazione tra salute cardiometabolica ¢ metabolismo dei polifenoli. La
metabotipizzazione potra essere funzionale alla promozione della salute cardiometabolica attraverso approcci di
nutrizione personalizzata.

1. State-of-the-Art

Increasing evidence suggests that plant-based foods play an important role in the prevention of chronic diseases,
as they are rich sources of a variety of biologically active phytochemicals with known health-promoting effects
(Liu, 2013). (Poly)phenols or phenolic compounds are the most abundant category of phytochemicals and are
almost ubiquitous in fruits, vegetables, legumes, cereals, and beverages like wine, coffee, tea, and beer (Del Rio
et al., 2013). Modest long-term intakes of (poly)phenols can reduce the risk of chronic diseases, especially
cardiovascular diseases and type 2 diabetes (Rodriguez-Mateos et al., 2014). Nevertheless, the role of
(poly)phenols in cardio-metabolic protection has not been consistently demonstrated yet (Gibney et al., 2019),
mainly due to the heterogeneity of each individual response to the consumption of dietary (poly)phenols, that
modulates their efficacy (Manach et al., 2017). The inter-individual variability in the physiological response is
mainly influenced by differences in the absorption, distribution, metabolism, and excretion (ADME) of
(poly)phenols (Gibney et al., 2019), along with other factors, including genetic background, gut microbiota, sex,
age, ethnicity, lifestyle (diet, smoking, and physical activity), (patho)physiological status and medication (Gibney
et al., 2019; Cassidy & Minihane, 2017). After ingestion, (poly)phenols are poorly absorbed in the small intestine
and reach the colon, where they undergo modifications by the gut microbiota, being converted to smaller
catabolites that are easily absorbed into the blood stream where they circulate principally as conjugated phase Il
metabolites, which can act as mediators of diet-induced effects on health (Del Rio et al., 2013). The inter-individual
differences in gut microbial composition and functionality can lead to quantitative and qualitative differences in
the production of specific metabolites, influencing the bioactivity of (poly)phenols in the host (Manach et al.,
2017). The different catabolite production patterns are related to metabolic phenotypes (the so called metabotypes)
clearly defined by the presence/absence of specific metabolites of colonic origin in the circulation. This results in
different excretive phenolic profiles, which can be clustered to form phenolic metabotypes.

This acute human intervention study is directed to understand the association between aggregate metabolic
phenotypes for the main dietary (poly)phenols and the factors determining their formation. Subjects will be
clustered according to their aggregate metabotype, representative of the production and urinary excretion of
relevant dietary phenolic metabolites. Moreover, to establish the main determinants of inter-individual differences
in metabolic profiles, the relationships between the aggregate metabotypes and individual characteristics such as
age, sex, ethnicity, dietary habits, lifestyle (physical activity, smoking, and sleeping habits), cardiometabolic health
status (defined by anthropometrics, body composition, blood pressure, and plasma and urine biomarkers),
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genotype, gene expression, and gut microbiota composition will be evaluated. Lastly, predictive algorithms for the
identification of each aggregate metabotype will be built by using all the information collected for each subject
(both metabolomics data and individual characteristics), which defines individual’s makeup.

2. PhD Thesis Objectives and Milestones

Specific objectives of this PhD thesis project can be divided into the following activities according to the Gantt

diagram given in Table 1:

1. Development of the challenge: developing a dietary challenge for the study of the metabolism of
(poly)phenols, producing the tablets, managing the beginning of the intervention;

2. Deployment of the OPCT: recruiting 300 volunteers and managing the collection of data/samples;

3. Sample analysis: analysing biological samples (blood, urine, feces) to assess the different outcomes;

4. Existence of metabotypes: investigating the existence of comprehensive (aggregate) phenolic metabotypes
using multivariate statistics;

5. Determinants of variation: evaluating the determinants of inter-individual variation leading to different
phenotypic profiles through different statistical tools;

6. Association among outcomes: associating aggregate phenolic metabotypes to determinants of individual
variability and to markers and scores of cardiometabolic health;

7. Building predictive models: building predictive algorithms for the identification of metabotypes;

8. Thesis and Paper Preparation: writing and editing of the PhD thesis, scientific papers and oral and/or poster
communications.

Table 1 Gantt diagram for this PhD thesis project.

Activity Months
1) |Development of the challenge

2) |Deployment of the OPCT

3) [Sample analysis

4) [Existence of metabotypes

5) [Determinants of variation

6) [|Association among outcomes

7) |Building predictive models

8) [Thesis and Paper Preparation
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Sensory and technological improvement of hemp seed flour. Strategies for
food applications
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In line with the circular economy principles and considering the significant growth trend of the global hemp food
market, this PhD thesis project aims to improve the sensory, technological, and functional properties of hemp seed
flour, an underutilized by-product of hemp oil production, through a biotechnological approach. Different food
formulations will be then developed using the ameliorated flour in a percentage higher than that currently used,
achieving processed hemp food products of high quality and well appreciated by consumers.

Miglioramento delle proprieta sensoriali e tecnologiche della farina di canapa. Strategie
per il settore alimentare

In linea con i principi dell'economia circolare e considerando il significativo trend di crescita del mercato globale
dei prodotti alimentari canapicoli, questo progetto di tesi di dottorato mira al miglioramento delle caratteristiche
sensoriali, e delle proprieta tecnologiche e funzionali della farina di canapa, sottoprodotto - oggi ancora poco
utilizzato - del processo di estrazione dell’olio, attraverso un approccio biotecnologico. Verranno poi sviluppate
diverse formulazioni alimentari utilizzando la farina migliorata in una percentuale superiore a quella attualmente
in uso, ottenendo prodotti alimentari a base di farina di canapa di elevata qualita ed apprezzati dai consumatori.

1. State-of-the-Art

Industrial Hemp Market size was valued at USD 6.2 Billion in 2021 and is projected to reach USD 19.9 Billion by
2030, growing at a compound annual growth rate (CAGR) of 14.01% from 2022 to 2030. The industrial hemp
market is driven by factors such as increasing legalization in the cultivation of industrial hemp, rising application
of industrial hemp in diverse industries - such as, among others, textile, pharmaceutical, food, construction &
material - and raising awareness among the consumers about the benefits of industrial hemp. Among the various
industrial sectors, the food sector is expected to grow significantly, thanks to the functional properties of hemp
seed and hemp seed oil and their increased use in different food applications (Verified Market Research, 2022).
The increasing demand for hemp seed oils will result in a large availability of hemp seed flour, a by-product of the
oil production process. Hemp seed flour is a rich source of nutrients, such as protein, dietary fiber, minerals,
unsaturated fatty acids, and vitamins, that make it a valuable component for human consumption. Indeed, hemp
seed flour has been used as fortifying ingredient for improving the nutritional value of bakery products (Mikulec
etal., 2019), pasta (Teterycz et al., 2021), and meat (Zajac et al., 2019) or, also, as a structure-enhancing ingredient
in gluten-free bread (Korus et al., 2017).

Despite its undoubtable nutritional value, hemp flour is still an underutilized ingredient due to its poor sensory and
rheological properties. Its bitter taste and herbaceous flavor allow using hemp seed flour at a percentage not
exceeding 5% in meat products (Zajac et al., 2019), and up to 20% of the conventional flour in baked products
(Hayward et al., 2020); in the case of fortified pasta, high percentages of hemp seed flour also detrimentally affect
the structure of pasta reducing its cohesiveness (Teterycz et al., 2021).

There is evidence that fermentation of cereal, legume, and seed flours positively affects the nutritional, sensorial,
technological, and functional properties of flours by reducing the antinutritional factors responsible, inter alias, of
bitter taste, decreasing off-flavors compounds - such as, for ex., medium-chain aldehydes - enhancing protein
digestibility and bioavailability, and modifying flour functional properties (Garrido-Galand et al., 2021). The use
of commercial enzymes can also be effective in improving the nutritional, functional, and sensory quality of
vegetable flour by increasing protein digestibility and availability, lowering the insoluble fiber amount, enhancing
the antioxidant activity, and releasing protein fragments with different biological activities and taste. To the best
of our knowledge, very few are the information reported in the literature on the applications of these strategies to
hemp seed flour and aiming mainly to improve the antioxidant properties and the protein digestibility of whole
hemp seeds (Pontonio et al., 2020).

As regards the food system, the Sustainable Development Goals of the United Nations 2030 Agenda and the
European Commission Circular Economy Action Plan imply reducing the amount of waste, re-use of food,
utilization of by-products and food waste, nutrient recycling, and changes in diet toward more diverse and more
efficient food patterns. So, the conversion of the hemp oil by-product into flour, and its readmission into the
productive food chain are of great interest, but it is equally important to boost the use of this ingredient to avoid
that the low demand for hemp flour makes it become surplus and waste.

In this context, the aims of this PhD thesis project are: 1) improving the sensory, technological and functional
properties of hemp seed flour through a biotechnological approach, i.e. spontaneous or guided lactic acid

- 137 -



PROCEEDINGS OF THE 26™ WORKSHOP ON THE DEVELOPMENTS IN THE UNIVERSITA DEGLI STUDI DI TORINO
ITALIAN PHD RESEARCH ON FOOD SCIENCE, TECHNOLOGY AND BIOTECHNOLOGY ASTI, 19™-215T SEPTEMBER 2022

fermentation and enzymatic treatments with commercial food-grade proteases, transglutaminases, hemicellulases,
and cellulases; 2) using the ameliorated flour in food formulations in a percentage higher than that currently used;
3) and achieving hemp food products of higher quality and well appreciated by consumers.

2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above, this PhD thesis project can be subdivided into the following
activities according to the Gantt diagram given in Table 1:

Al Production of hemp flour from fermented hemp cake (FHC). A.1 Development of a submerged method
for the lactic acid fermentation of unmilled hemp cake; assessment, and monitoring of fermentation parameters
(temperature, moisture, pH, aeration). Spontaneous fermentation (A1.1.1) or guided fermentation with selected
LAB starters (A1.1.2) will be performed. Starter cultures will be selected according to the following criteria: 1)
technological characteristics (growth, acidification); 2) capability of lowering antinutritional factors; 3) proteolytic
activity; 4) B-glucosidase activity; 5) degrading activity toward plant cell wall polysaccharides. Selected cultures
will be used as single strains or as mixtures of strains. A1.2 Drying of fermented hemp cake, milling into flour,
and sieving.

A2 Production of fermented hemp flour (FHF). A2.1 Development of a submerged method for the lactic acid
fermentation of hemp flour (i.e. milled hemp cake) as reported in Al; A2.2) Drying of fermented hemp flour.

A3 Production of hemp sourdough (HSD). A3.1 Set up of the fermentation conditions for spontaneous
fermentation (A3.1.1) or guided fermentation with selected LAB starters (A3.1.2). Criteria for Starter selection are
reported in Al.

A4 Production of enzymatically treated hemp flour (ETHF) using commercial food-grade proteases (A4.1),
transglutaminases (A4.2), hemicellulases, and cellulases (A4.3).

A5 Characterization of FHC, FHF, HSD, and ETHF from A1-A4 through physicochemical and chemical
analyses (A5.1), sensory analyses (A5.2), technological and functional attribute determination (A5.3)

A6 Design and development of hemp-enriched or hemp-based food products using the ingredients from Al-
A4, such as pasta (A6.1), bakery products (A6.2), gluten-free products (A6.3), and meat analogs (A6.4).

A7 Characterization of food products from A6 through nutritional value, protein digestibility, glycemic index,
antioxidant compounds and activity (A6.1), color and texture profile (A6.2), sensory features (A6.3), and consumer
acceptability (hedonic test, CATA test, survival analysis, preference maps) (A6.4).

A8 Writing and Editing of the PhD thesis, scientific papers, and oral and/or poster communications.

Table 1 Gantt diagram for this PhD thesis project.

Al | Production of FHC

A2 | Production FHC

A3 | Production of HSD

A4 | Production of ETHF

A5 | Characterization of FHC, FH, HSD, ETHF

A6 Design and development of hemp-enriched
or hemp-based food products

A7 | Characterization of food products

A8 | Thesis and Paper Preparation
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Production of added value bakery products by upcycling oenological by-
products
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Dept. of Soil, Plant and Food Sciences (DiSSPA), University of Bari Aldo Moro, Bari, Italy
Tutor: Prof. Francesco Caponio; Co-Tutor: Dott.ssa Graziana Difonzo

The aim of the research project is to enhance the by-products from winemaking by using them as functional
ingredients in the production of baked goods to improve their nutritional composition and quality. The best
performing conditions of use will be selected to obtain functional and technological advantages, and then produced
on an industrial scale. Subsequently market and consumer acceptance will be evaluated with direct surveys carried
out with the final consumers.

Produzione di prodotti da forno ad alto valore aggiunto mediante il recupero dei
sottoprodotti enologici

Il seguente progetto di dottorato e volto alla valorizzazione dei sottoprodotti enologici mediante loro reimpiego
come ingredienti funzionali da inserire nel processo produttivo di prodotti da forno con lo scopo di migliorarne la
qualita ed il profilo nutrizionale. Le condizioni di utilizzo pit performanti saranno selezionate per ottenere diversi
vantaggi funzionali e tecnologici e utilizzate per la produzione in scale-up industriale. Conseguentemente verra
effettuata una analisi di mercato e della preferenza dei consumatori.

1. State-of-the-Art

The wine sector represents one of the most important economic sectors of Italy, which leads the world’s wine
production (19% of the total) producing over 47 million hL per year (Sabetta et al., 2022).

However, in addition to wine, the production process also generates by-products such as marc, grape seeds, stems,
and wine lees. In most cases, these are not treated as resources but as waste, and this creates problems related to
their disposal (Maner et al., 2015). Although treating them as secondary raw materials would have several
advantages because they are rich in functional molecules such as polyphenols, which inhibit the oxidation of cells,
tissues and the peroxidation of low-density lipoprotein, thus fighting cardiovascular disease, cancer and diabetes,
and also contain fibers and vitamin E, which improve and stimulate the human immune system (Gunes-Bayir et
al., 2019) (Table 1).

Table 1. Functional compounds of oenological by-products.

By-product Bioactive compounds Author
Prot_ocayechuw, galllc_ and vanillic acid, quercetin, Pintac et al., 2018
myricetin, anthocyanins.

Grape pomace

Seeds Vitamin E, proanthocyanidin, phytosterols. Troilo et al., 2020
Grape stalks Tannins, hydroxycinnamic acid, stilbenes. Ping et al., 2010
Wine lees Dietary fibers, tartaric acid. Rivas et al., 2021

Moreover, these compounds can increase the nutritional value of foods. In particular, grape pomace added to
biscuits has an antioxidant action that delays the rancidity of the product (Ahmed et al., 2020), and increases the
fiber content, which could lower the glycemic index of baked products (Kuchtova et al., 2018; Rainero et al.,
2021). The mannoproteins contained in wine lees have an emulsifying and foaming activity, (De Iseppi et al.,
2021), which will be exploited to replace and reduce the lipids used in biscuit production.

For these reasons, the objectives of the project are:

(i) to create nutritionally improved bakery products by using oenological-by-products; to test the improvement
in the nutritional characteristics of the products made in laboratory, the protocols will be transferred to an
industrial scale where sensory evaluation tests will be performed to ensure the acceptability of the products
obtained;

(ii) to meet the current needs of consumers, who are increasingly attentive to a healthy diet (due to increased
awareness of the connection between genuine food and psycho-physical well-being) and the environmental
sustainability of agri-food production.

In this context the project also aligns with the 2030 Sustainable Development Goal of eradicating world hunger
while ensuring food safety and security. In addition, the use of by-products in the form of flour could replace a
part of the wheat flour used in bakery products to partially alleviate the current critical issues of cost and supply
of wheat due to the international geo-political situation.
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2. PhD Thesis Objectives and Milestones

The objectives of the following PhD project will be achieved via the following activities:

AQ) Literature study.

Al) Formulation of baked goods fortified with by-products: doughs with different percentages of by-product
flours will be prepared on a laboratory scale.
Al.1) Treatment and characterization of by-products: grape pomace, grape stalks, seeds and wine lees will be
subjected to pretreatment and subsequent analysis of proximate chemical and nutritional composition.
Al.2) Characterization of bakery products: analysis of nutritional composition (protein, ash, fibers, fats and
carbohydrates), texture profile, ABTS, DPPH, Folin-Ciocalteu, determination of volatile compounds and
sensory analysis.

A2) Industrial scale-up of fortified baked goods: selected products will be produced with industrial scale-up
optimizing the technological parameters.

AZ2.1) Evaluation of nutritional and sensory characteristics: evaluation of proximate composition (proteins, ashes,
lipids, carbohydrates, dietary fiber) and organoleptic characteristics (panel test).

A2.2) Market analysis and acceptability assessment: environmental impact assessment (evaluate that all
components of the by-products are reused) and consumer test.

A3) Shelf-life evaluation: study of different storage conditions.

A4) Data processing and writing of scientific paper.

Table 2 Gantt diagram for this PhD thesis project.

Activity Months
AO) |Literature study
Formulation of baked goods
Al) |[fortified with by-products
Al.1) Characterization of by-products
Al.2) Characterization of bakery
products

Industrial scale-up of fortified
A2) |baked goods

A2.1) Evaluation of nutritional and
sensory characteristics

A2.2) Market  analysis  and
acceptability assessment

A3) [Shelf-life evaluation

A4) |Data processing and writing of]
scientific paper
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Non destructive methods for predicting cheese making traits
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Tutor: Prof. Andrea Summer

This PhD thesis research project aims to explore innovative and non destructive methods to monitor the cheese
making using a broad range of vibrational spectroscopy techniques.

Metodi non distruttivi per la predizione dei caratteri relativi alla caseificazione

Questo progetto di tesi di dottorato mira ad esplorare metodi analitici innovativi e non distruttivi per il
monitoraggio del processo di caseificazione, applicando un’ampia gamma di tecniche di spettroscopia
vibrazionale.

1. State-of-the-Art

The cheese production is nowadays one of the main ways to add value to the milk along the dairy chain. In Italy,
more than 80% of the milk production is processed into cheese, among which more than 50% are Protected
Designation of Origin (PDO) cheeses. Among the PDO cheese production, the Grana Padano and Parmigiano
Reggiano are taking the biggest share. Yet, the production and quality control of the processes involved in the
production of those cheeses are still poorly monitored. Moreover, most of those analyses routinely used for cheese
making characterization is costly and time consuming.

For this reason, the development of in situ methods to assess the milk quality and cheese-making could improve
the quality control and possibility to promptly adjust the running process. The development of nondestructive
spectral sensors could be a useful tool for monitoring and improving cheese making efficiency.

While the milk payment system and the quality control are still based on traditional traits (i.e., milk protein and
fat), the cheese industry is interested in more practical phenotypes such as the cheese yield (%CY): fresh, solids
and retained water (%CY curp, %CYsoLins, %CYwater); and the recovery traits (%REC): milk fat, protein, solids
and energy in the curd (RECrat, %RECproTeEIN, %RECsoLips and %RECenercy) Which represent the ratio
between the weights of the fat, protein, and total solids in the curd, respectively, and the corresponding components
in the milk. Energy recovery, RECeneray, represents the percentage energy content of the cheese compared with
that in the milk (Cipolat-Gotet et al., 2013). One of the aims of this PhD project is to allow their prediction at an
early stage of the process, preferentially using a quick and user-friendly technique.

To make this monitoring possible at a cheese factory level, it is necessary to provide handheld or inline solutions.
In the last years, several studies have been carried out to develop portable Near Infrared (NIR) devices allowing
to carry on site analysis. The development of calibrations using the NIR spectra allows to determine the chemical
composition in a faster, cheaper, and more environmentally friendly way than the humid chemical analysis that it
replaces (Holroyd, 2013).

Even though the use of NIR has been proved to be reliable and useful especially for on-line application in the dairy
sector, the interpretation of the spectra remains an issue, as well as the intrinsic low sensitivity. Therefore, the
possibility to integrate signals from NIR and other emerging techniques such as Hyperspectral Imaging (HSI) or
Raman spectroscopy could enable the collection of a larger amount of information about cheese quality. Indeed,
the HSI is a novel technology in the field of food safety while not yet fully investigated at dairy chain level
(Priyashantha et al., 2021). However, HSI has great potential to be employed within the dairy sector, as it is a
rapid, reliable, and inexpensive technique which requires minimal sample preparation (Roberts et al., 2018).
Therefore, the combination and/or comparison of signals from NIR spectroscopy and HSI could bring new
scientific breakthroughs and provide with an effective tool to monitor the quality and safety of dairy products.
Beside this, the Raman spectroscopy is raising further attention for being a quick and non destructive technique to
analyze milk and cheese, “although many publications describe several applications of Raman spectroscopy and
chemometric analyses, such approach are not yet employed in standard laboratories and industries. Usually they
prefer NIR spectroscopy because is cheaper and simple. However, Raman spectroscopy provides the higher
information content, since the spectrum contains information of each one of the chemical components”. (de S&
Oliveira et al., 2016)

This method could be studied in combination with the others to provide the most useful information for the cheese
factory.
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2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above, this PhD thesis project can be subdivided into the following
activities according to the Gantt diagram given in Table 1:

Al) Exploration of different non destructive methods used for milk and cheese analysis . In order to
determine which method/combination of methods could be applicable on the field, as a balance between costs
and results.

A2) Assessment and modelling of the cheese making traits to identify the mathematical model capable of
building the most accurate predictions as functions of the milk traits that can be analyzed on the field
(composition, spectra, ...).

A3) Development of the statistical predictions and trials on several dataset to assess the accuracy, robustness,
and limits of use of the calibrations.

A4) Development of built-in tailored application to give the predictions on the field in cooperation with sensor
manufacturer.

A5) Writing and Editing of the PhD thesis, scientific papers, workshops and conferences, and oral and/or poster
communications.

Table 1: Gantt diagram for this PhD thesis project.

Activity Months 1 23 456 7 89 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Exploration of
different non

Al destructive methods
e IR
Spectroscopy
e  Hyperspectral
Imaging
e Raman
Spectroscopy

Assessment and
modelling of the

A2 cheese making traits
Development of the
statistical predictions
and trials on several

A3 dataset

Development of built-
A4 in custom application

Thesis and paper .
A5 preparation
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Exploring barriers and enablers for the environmental sustainability
communication “Zero-waste supply chain”: insights from the Italian
vegetables supply chain trough the LOWINFOOD project
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The aim of this PhD thesis project is to explore enablers and barriers for the introduction of innovations direct to
reduce food waste in the case of an Italian VVegetables supply chain. The impacts are measured in the framework
of the “Zero-Waste Supply Chain” which is defined during the study. This framework is designed to assess which
are the effects on different actors of more sustainable food systems. Finally, the acceptance of a sustainability
communication (ecolabel) on the final product by the consumer will be assessed.

Esplorare fattori abilitanti e barriere riferite alla comunicazione di sostenibilita

ambientale “Filiera Zero-rifiuti”’: approfondimenti per la filiera italiana di Frutta &
Verdura attraverso il progetto LOWINFOOD

L'obiettivo di questo progetto di tesi di dottorato € di esplorare fattori abilitanti e barriere per l'introduzione di
innovazioni dirette a ridurre lo spreco alimentare nel caso di una filiera italiana di verdure. Gli impatti sono misurati
nel framework della “Zero-Waste Supply Chain” definita durante lo studio. L’obiettivo ¢ di valutare quali sono gli
effetti di sistemi alimentari pit sostenibili sui diversi stakeholder sulla supply-chain. Infine, sara valutata
I'accettazione di una comunicazione di sostenibilita (ecolabel) sul prodotto finale da parte del consumatore.

1. State-of-the-Art

Reduction of Food Loss (FL) and Waste (FW) along the Food Supply Chain (FSC) is one of the most urgent
challenges of this century. In the recent years this topic has achieved a strategical importance in governments and
organizations’ Agenda as part of the efforts to fight global hunger and improve food security. Food Waste & Loss
(FWL) means losses of food which still contains nutritional value and that could have been used for human
consumption. In September 2015, United Nations together with other 193 member states, reached an agreement
on establishment of 17 new “Sustainable Development Goals” (SDGs) that aim to promote sustainability concept
at all levels. In particular, the Goal 12.3 aims “to halve per capita global food waste at the retail and consumer
level, and reduce food losses along production and supply chains by 2030”. In addition to this The Food and
Agriculture Organization (FAO) has a vision to make food and agriculture more sustainable so that nutritious food
can be accessible for everybody. In doing so, natural resources should continue to be managed to be able to sustain
ecosystem functions. In terms of the FAO, move to sustainable food value chains involve three pillars, which are
(i) economic sustainability where it is profitable, (ii) social sustainability where it is beneficial for society, and (iii)
environmental sustainability where it is compatible with nature (FAO,2019). FLW can be measured in five key
stages of the agri-food supply chain: agricultural production, post harvesting handling and storage, processing,
distribution and consumption. For each phase several actors are involved in the operations. It is possible to
distinguish between FL, generated in the initial stages of the supply chain, and FW which occurs in the final stages
of the food supply chain (Porat et al., 2018). In the case of the global Fruit & Vegetable Supply Chain (F&VSC),
FAO reported that in 2019 between 25 and 55% of all Fruit & Vegetables (F&V) produced worldwide got lost or
wasted along the supply chain (FAO, 2011; FAQ, 2019). FWL are generated in different quantities in each step of
the F&VSC but one of the limits in the literature is the lack of a shared and harmonized quantification methodology
that allows to identify where FWL are generated the most. In addition, in the review of Tort et al. it is assessed
that the design of a SC, or the relationship among parties, are root causes of the majority of the problems (Tort et
al., 2021). To tackle this systemic problem, adopting innovations is one of the action which may change the
structure of the SC and improve the cooperation among parties to tackle common problems . The same innovation
is not likely to follow the same process or diffusion in different context, so to maximize the efficacy of innovations
it is crucial to find key-drivers among parties to enhance the innovation process (Avolio, 2014). Recent literature
on FW reported that innovations have a high potential in reducing and preventing FWL in all stages of the agri-
food supply chain (Aramyan et al., 2021). It is possible to distinguish between three macro-categories of innovation
(Aramyan et al., 2019). The traditional concept of innovation in firms distinguishes product and process innovation
and is defined as technological innovation (Schmidt and Rammer et al., 2007). An organisational innovation is
the creation or adoption of an idea or behaviour new to the organisation. Marketing innovation is the
implementation of an innovative marketing method involving significant changes in product design or packaging,
product placement, product promotion or pricing (OECD, 2018). The introduction of innovations in the agri-food
sector it is a complex process of development and change, affected by a number of variables (Avolio et al., 2014).
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At the same time, it is still an open question if the value generated by the reduction of FWL shall be included in
the attributes of the final product and whether this is recognized as an added value from the final consumer, since
sustainability is increasingly viewed as a quality attribute, enabling firms to garner price premiums from the
market.

2. PhD Thesis Objectives and Activities

The aim of this PhD thesis project will be direct to explore enablers and barriers for the introduction of
sustainability innovations, together with the impacts on the stakeholder, in the case of an Italian vegetables supply
chain. The impact assessment will be made by the development of the framework “Zero-waste supply chain”
which will be defined during the project. To include real case-studies assessment, the innovations included in the
research are part of the European Project LOWINFOOD.

This PhD thesis project can be subdivided into the following activities, according to the Gantt diagram given in
Table 1:

Al) Mapping problems and solutions in the F&V supply chain: To give an overview on the State of Art on the
quantification of FWL in the Italian F&VSC and on the available solution in the F&VSC to reduce FWL.

A2) Driver and barriers to the introduction of sustainability innovation inside an organization: This is the
core part of the project where will be defined a framework for the “Zero-Waste supply chain” assessment.

A3) Assessment of sustainability communication “Zero-waste Supply Chain”: Impact assessment of the
“Zero-waste supply chain” framework. Including the consumer’ perception of the ecolabel communication on the
final product.

A4) Thesis and Paper preparation. Writing and Editing of the PhD thesis, scientific papers and oral and/or
poster communications

Table 1 Gantt diagram for this PhD thesis project.

- .\
Activity Months 1/2|3]4|5|6[7[8[9(10]11|12|13]|14/15|16|17|18|19|20|21|22|23|24

Al) [Mapping drivers and enablers

State of Art of Food Waste in the Italian
F&V Supply Chain

Identification of one vegetables supply
chain to study

A2) |Development of the framework
Define the “Zero-waste supply chain”
framework

Selection of the case studies from the
LOWINFOOD project.

Impact assessment

Measure the efficacy of innovations to
increase sustainability

“Zero-waste supply chain ” ecolabel
A4) [Thesis and Paper Preparation
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Sustainable innovation for improving the quality of meat products in the
era of the Green Deal

Elisabetta Orecchia (orecchia.elisabetta@spes.uniud.it)
Department of Agriculture, Food, Environmental and Animal Sciences, University of Udine
Tutor: Prof Giuseppe Comi

This PhD thesis research project is aimed to select a microbial starter with antioxidant and bioprotective properties
in order to reduce the use of synthetic antioxidants in meat products, also combining in a new formulation microbial
strains with bioactive molecules obtained from waste from the food chain (in particular oil and wine) with
antioxidant and nutritional activity.

Innovazione sostenibile per migliorare la qualita d prodotti carnei nell’era del Green
Deal

Questo progetto di dottorato mira a produrre uno starter microbico con attivita antiossidante e di bioprotezione
per ridurre I’uso di antiossidanti di sintesi in prodotti carnei fermentati. Inoltre, si vuole arricchire lo starter con
composti estratti da scarti della filiera alimentare (in particolare dell’olio di oliva e del vino) con attivita
antiossidante e nutrizionale.

1. State-of-the-Art

One of the main causes of meat quality depletion after microbial alteration are oxidative reactions, which cause
colour changes, development of off-flavors, and accumulation of toxic compounds, which can lead to the onset of
non-transmissible chronic diseases (Carocho et al., 2018). The use of molecules with antioxidant activity is
common in food preparation because it enables the control of the onset of such reactions. Antioxidants are
substances that, when administered in low concentrations compared to the oxidable substrate, significantly delay
or prevent oxidation. They include free radical scavengers, reducing agents, inactivators of peroxides or other
reactive oxygen species, and metal chelators (Yang et al., 2018). Recently, the safety of several synthetic
antioxidants, including butylated hydroxyanisole and butylated hydroxytoluene, has been called into question due
to liver damage and carcinogenicity, moreover, consumers prefer products with a “clean label™ (Wang et al., 2017).
Microorganisms, particularly probiotics, have been studied for their health benefits because they inhibit pathogen
adhesion and invasion, stimulate the host's immune system, and produce bioactive compounds such as amino acids,
peptides, short-chain fatty acids, vitamins, exopolysaccharides, and antioxidants (Chugh & Kamal-Eldin, 2020).
On the other hand, the major issue of food waste is current, and the importance of the circular economy in food
production is even more relevant. Food waste, particularly waste from the olive oil and wine production chains, as
well as waste from other vegetable production chains, is a rich source of bioactive compounds and antioxidant
molecules. Antioxidant compounds of microbial or vegetable origin, particularly bioactive peptides, are useful as
a natural alternative to synthetic antioxidants and also have bioactive activity, affecting both food quality and
human health. Microbial starters can be studied to improve food shelf life and sensory properties, while also
lowering the risk of chronic disease emergence (Lorenzo et al., 2018).

This is especially concerning for meat products, which are an important source of high-quality dietary protein and
contribute to micronutrient intake. Until now, there have been no alternatives to meat consumption because
cultured meat, plant-based meat alternatives, insects, and novel protein sources necessitate high levels of
transformation and processing, limiting environmental sustainability gains (van der Weele et al., 2019). It is
estimated that 23% of total meat production is lost and wasted, and as a result, cured meat products require radical
changes to reduce their environmental impact. As a result, strategies for increasing the shelf life of meat products,
while limiting oxidative alterations and improving nutritional value, must be developed.

Several methods to assess the in vivo antioxidant activity of intact cells, cell-free supernatants or lysates have been
developed. The methods monitor the stages of lipid oxidation or the scavenging of electrons or radicals. It is
recommended to use a combination of more than two assays both for monitoring lipid peroxidation and radical
scavenging activity to assess the antioxidant potential of a sample as these methods do not reflect the real
antioxidant potential in food or in in vivo but they are interesting sources of information about the intrinsic
antioxidant potential with minimal environmental interference (Munteanu & Apetrei, 2021). As a result, it is not
enough to carry out a single test to study this ability but it is necessary to combine different types of methods to
obtain a better overview of the antioxidant activity of the different bacterial or yeast strains.
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2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above this PhD thesis project can be subdivided into the following activities
according to the Gantt diagram given in Table 1:

l. Literature review

1. Isolation and phenotypic and genotypic characterization of about 200 microbial strains belonging to
different genera, such as Lactobacillus spp., Lacticaseibacillus spp., Saccharomyces spp. and non-
Saccharomyces

1l. Evaluation of antioxidant activity of selected microbial strains through different in vivo methods.

\VA Evaluation of antioxidant and genotoxic effects of selected strains on human health.

V. Antioxidant potential evaluation of strains and bioactive compounds on food matrix compared to
conventional antioxidants in order to reduce the use of conventional additives such as NO; and NOs;
trough antioxidant assays.

VI. Evaluation of the impact of selected strains and bioactive compounds on the microbial ecology of the
product.
VII. Construction of a predictive model and definition of biomarkers to ensure authenticity and sustainability
of innovative meat products.
VIII. Evaluation of the impact of selected strains on sensory properties of food products.

IX. Assessment of sensory properties of food products and definition of the relationship between functional
properties and innovative meat products taking into consideration the rules for the correct labelling of
novel foods.

X. Evaluation of the impact of stress induced by technological and digestive processes on the production of
antioxidants and bioactive compounds by selected microbial strains and bioactive compounds.

Table 1. Gantt diagram for this PhD thesis project:

Months
. 111(1(1(1|2|21|2(2|2|3|3|3|3
Activities 0|12|4|6|8 ol2lalslelol2lalelalol2]ale

| Literature review

Isolation, phenotypic and genotypic
characterization

Definition of biomarkers and construction of a

ViI

VIII-
1X

X

redictive model

Omic approach (transcriptomic, proteomic,
metabolomic)

PhD didactic activities and papers/thesis
preparation

Xl
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The potential of the cheese microbiome to control cheese fermentation and
its repercussions for the industry
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Co-Supervisors: Prof. Effie Tsakalidou, Olga Nikoloudaki, PhD

Cheese is considered as highly nutritional food that hosts different kinds of microorganisms. The diversity,
functionality, and interaction of these microbial communities, associated with milk or cheese, are the most
important parameters for the dairy industry to improve the nutritional and sensory properties as well as the
fermentation of cheese. My aim is to contribute to these improvements and therefore to obtain an advantage in
controlling cheese fermentation as well as improving the nutritional properties of cheese by using alternative
protein sources.

Potenzialita del microbioma del formaggio sul controllo della fermentazione e
ripercussioni sull’industria casearia

I formaggio é considerato un alimento altamente nutritivo che ospita un ecosistema complesso costituito da diversi
microrganismi. La biodiversita, la funzionalita e l'interazione delle comunita microbiche del latte o del formaggio,
sono considerati i parametri piti importanti per I'industria lattiero-casearia. Questi, infatti, rappresentano dei fattori
di fondamentale importanza, al fine di migliorare le proprieta nutrizionali e sensoriali del formaggio insieme al
suo processo di produzione. L’obbiettivo del mio progetto di ricerca ¢ quello di ottimizzare il processo di
produzione del formaggio mediante una fermentazione controllata e implementando le sue proprieta nutrizionali
attraverso 1’utilizzo di fonti proteiche alternative.

1. State of the Art

Lactic acid bacteria (LAB) serve several functions in cheese manufacturing and ripening that directly or indirectly
impact cheese flavor (Olson, 1990). LAB (primary starters) are also responsible for the acidification and the
conversion of milk to curd along with rennet. Thus, the interaction along with the function and the diversity of
these microbial communities are important drivers for the dairy industry in order to control the fermentation and
the final cheese attributes (Ferrocino et al., 2022). Recent advances in next generation sequencing methods
followed by the advancement of sophisticated bioinformatics tools have provided deeper insights into the
composition and the potential functionality of microbiota which allow us to optimize flavor, appearance, and
overall quality and safety in cheese (Yeluri Jonnala et al., 2018). Along with these parameters mentioned above,
one of the primary objectives of cheesemaking is to preserve and fortify the nutritional potential of milk.
Mammalian milk is one of the first food products which has been described as a rich source of vital nutrients (Yu
et al., 2017). Apart from these nutrients, cow’s milk also contains a high number of functional nanoparticles
referred as exosomes. Exosomes are a type of extracellular vesicles (EVs), that are ranged between 30-120 nm in
diameter and contain cell-surface proteins, lipids as well as nucleic acids such as microRNAs (Yu et al., 2017,
2019). Recent studies suggest that exosomes have a role in regulating intercellular communication. Thus, their
effect on the bacteria population could be promising, accelerating growth or upregulating other biological
functions during cheese manufacturing. Although cow’s milk is considered an essential component of human
nutrition, milk consumption has been declined rapidly during the last decade due to the increase in cow’s milk
allergies, lactose intolerance, cholesterol issues and ethical reasons. In the last years, there is a growing trend
toward the production of plant-based products. Some studies focused on making cheese substitutes with mixtures
of cow and soy milk, which are called partial dairy cheese analogues, in order to improve their nutritional value.
However, further research should be done to determine whether the addition of plant-based protein can actually
improve the nutritional properties of conventional cheese (Short et al., 2021; Wei & Yano, 2020).
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2. PhD Thesis Objectives

Within the overall objectives mentioned above my PhD thesis project can be divided into the following activities
according to the Gantt diagram given in Table 1.

Al - Literary review; Experimental design

A2 - Selection of autochthonous lactic bacteria to be used as natural starter cultures for the production of
semi-hard cheeses

The aim of this study is the selection of the best autochtonous strains belonging to the South Tyrolean biobank for
the formulation of natural starters. A mathematical model was designed and 2094 isolates were grouped creating
680 combinations (3 isolates per combination) which were screened for the ability to produce peptides during milk
fermentation, acidification and volatile compounds production. Based on these results, three final combinations
were selected to be tested in a pilot plant scale to produce semi-hard cheese. Cheeses will be evaluated for their
microbiological and physicochemical characteristics, throughout the ripening stage, in order to select the best
combination.

A3 - Evaluation of the impact of exosomes in the bacterial growth

The aim of this project is to investigate what is the impact of exosomes on the bacterial growth and how they can
influence the final population of bacteria during cheese ripening. Exosomes are going to be isolated from
unpasteurized cow milk and characterized for their morphology and size. LAB strains will be injected in a 96 well-
plate, containing cheese broth, and their growth rate will be measured, with and without the presence of exosomes.
A4 - Partial dairy cheese analogues

The aim of this study is to use flours from different plant sources in order to make partial dairy cheese analogues.
Trials will be performed using different percentages of red lentil, chickpea, quinoa and faba flours and protein
isolates and cheese samples will be evaluated for their physicochemical properties. A second screening will be
performed using different pairs of starter cultures in order to establish their performance. After selecting the best
combos, concerning the type and the percentage of the flour as well as the starter cultures, final cheese attributes,
such as organic acids, proteins and antinutritional factors, will be evaluated in order to see whether there is a benefit
concerning the nutritional value.

A5 - Thesis and Paper Preparation

Table 1. Gantt diagram for this PhD thesis project.

1t year 2" year 3 year
Activities Months | | iV |l 1 T 1 T AV I T 1 T I 1 1 O A4

Al - Literary review; Experimental design

A2 - Selection of autochthonous lactic
bacteria to be used as natural starter cultures
A3 - Evaluation of the impact of exosomes in
the bacterial growth

A4 - Partial dairy cheese analogues

A5 - Thesis and Paper Preparation
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Industry 4.0 in the agri-food sector: innovative sensors and smart logistics
to support the sustainability of the supply chain
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The aim of this PhD research project is to find solutions that objectify the quality of some high value-added
productions through the creation of simplified portable devices that exploit the technology of vis/NIR
spectroscopy. This technology is already widely used in these fields but it exploits very complex and expensive
instrumentation. Implementing new smart sensors could lead to improvements in production, an increase in the
awareness of supply chain operators, better management of resources and also a reduction of food waste, one of
the final objectives of the entire agri-food chain.

Industria 4.0 nel settore agroalimentare: sensori innovativi e logistica smart a supporto
della sostenibilita di filiera

Lo scopo di questo progetto di ricerca di dottorato & quello di trovare delle soluzioni che oggettivino la qualita di
alcune produzioni ad alto valore aggiunto attraverso la creazione di dispositivi portatili semplificati che sfruttano la
tecnologia della spettroscopia vis/NIR. Questa tecnologia & gia ampiamente utilizzata in questi ambiti ma sfrutta
strumentazione molto complessa e costosa. Implementare nuovi sensori smart potrebbe portare a miglioramenti
nella produzione, a un aumento della consapevolezza degli operatori di filiera, a una migliore gestione delle risorse
e anche a una riduzione degli sprechi, uno degli obiettivi finali di tutta la filiera agroalimentare.

1. State-of-the-Art

A significant shift in measurement technologies is currently taking place in the agri-food sector, and the chance to
replace consolidated analytical techniques (based on laboratory analyses) with methods based on rapid, non-
destructive (Nicolai et al., 2007) and environmentally sustainable approaches is of great interest. Among the
available technologies, visible and Near Infrared (vis/NIR) spectroscopy and imaging techniques are effective
tools for monitoring of qualitative parameters and for maturation control of agri-food products (Shah et al., 2020).
These are analytical techniques that have been investigated and utilized in this sector for a long time because they
offer various advantages, including the aforementioned non-destruction of samples, the speed with which findings
are obtained, and the ability to conduct checks throughout production processes.

It is common knowledge that the instruments needed to apply these techniques available on the market are very
expensive, difficult to use, often heavy and cumbersome, and therefore challenging to use in setups other than a
specialized laboratory. Through the creation of new networked sensors, the goal is to develop and identify solutions
that can suit the needs of the agri-food sector in terms of production processes and quality control (IoT approach)
(Misra et al., 2020). The Internet of Things (lIoT) offers exciting possibilities for monitoring the quality of
perishable cargo in real time while on the move, which could help to prevent large-scale product losses. Just to
give some examples, sensors and wireless communication devices could be installed on containers, pallets, crates,
or single products to provide real-time product data.

To achieve this, research is focusing on the development of low-cost prototypes that can have similar
characteristics to reliable benchtop instruments, even if lower performance, while also being able to be used in
larger numbers to provide punctual controls at various points along the supply chain due to their low cost. Carrying
out punctual controls has as its ultimate goal the achievement of products of the highest quality, not only from the
point of view of healthiness but also from the point of view of sustainability. As a matter of fact, many customers
currently have a strong interest in these two topics.

Furthermore, the application of this type of techniques allows the creation of a considerable amount of data per
sample. However, this instrumental data may not yet yield the intended result; it must be processed to produce a
final decision-making answer. In line with the principle of parsimony, the capacity to remove non-informative
and/or redundant signals can lead to models with improved accuracy, resilience, and chemical interpretability (de
Araljo Gomes et al., 2022). For these reasons, the use of spectroscopic techniques requires the use of chemometrics
for data analysis: to be able to correctly interpret the data, for the creation of predictive models and for the selection
of variables (fundamental step in the simplification process of the devices) (dos Santos Costa et al., 2019).

This PhD program aims at offering a possible solution to the needs of high value-added supply chains: the
implementation and application of a simplified spectroscopic device, with a few numbers of wavelengths, which
can be used for punctual and real-time analyses that guarantee both the achievement of a finished product of the
highest quality and a waste reduction.
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2. PhD Thesis Objectives and Milestones

This PhD thesis project fits into this state of the art and can be divided into the following activities (illustrated in
Table 1):

Al) Application of the first version of a simplified prototype on grapes and on larger fruits and related
data analysis.
Milestones: creation of predictive models and identification of the structural changes to be made to the
prototype.

A2) Hardware modifications with additive manufacturing.
Milestone: obtaining a version of the prototype suitable for matrices of different sizes and structures (also a
version suitable for liquids such as wine).

A3) Validation of the prototype for solid matrices and application on liquid matrices.
Milestone: validation of prototype for solid matrices of different sizes (and validation of predictive models)
and experimentation on complex liquid matrices.

A4) Application of the prototypes in real scale conditions.
Milestone: assessment of the capabilities of predictive models in real conditions.

A5) PhD project reporting and dissemination: PhD thesis, scientific papers, and oral and/or poster
communications.

Expected result: design and test of the prototypes, validation on different matrices, application in different points
of the supply chain due to the characteristics of the devices (portable, low cost, user-friendly).

Table 1. Gantt diagram for this PhD thesis project.

Activities Months: 1 (2 3 [4 [5 [6 [7 |8 |9 |10 |11 |12 |13 |14 |15 [16 [17 (18 [19 [20 [21 |22 |23 |24
Al: Application of a first version of the simplified prototype on grapes
and on larger fruitsand related data analysis.

M1: creation of predictive models.

M2: identification of structural changes to be made.

A2: Hardware modificationswith additive manufacturing.

M1: version of the prototype suitable for matrices of different sizes.

M2: version of the prototype suitable for liquids.

A3: Validation of the prototype for solid matrices and application on
liquid matrices.
M1: validation of prototype and validation of predictive models.

M2: experimentation on complex liquidi matrices.

A4: Application of the prototypesin real scale conditions.

M1: assessment of the capabilities of predictive models.

A5: PhD project reporting and dissemination
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Response of plant holobiont to bacterial invasion: a focus on plant growth
promoter and antibiotic resistant bacteria
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This PhD project is focused on plant holobionts’ responses towards bacterial invasion, previously focused in the
literature on a pathogen perspective. The phenomenon will be investigated in the frame of beneficial (i.e., Plant
Growth Promoting strains) or neutral (i.e., antibiotic resistant) plant-bacteria interaction. The study foresees the
design and administration of strains or synthetic bacterial communities on plant model spp. of relevance for food
systems, and the study of the holobiont response both considering the performances from the plant perspectives
and focusing on the plant microbiome assembly when the community is altered by the addition of the invading
bacteria.

La reazione dell’olobionte pianta all’introduzione di microrganismi invasori: uno studio
specifico sui batteri promotori della crescita vegetale e su quelli antibiotico-resistenti

Questo progetto si focalizza sulla risposta dell’olobionte pianta all’invasione batterica, precedentemente
focalizzata soltanto su una prospettiva patogenica. Questo progetto di dottorato mira ad investigare questo
fenomeno all’interno della cornice dei batteri benefici (i.e. promotori della crescita vegetale) o neutrali (i.e.
antibiotico resistenti). Questo verra investigato attraverso la progettazione e somministrazione di comunita
batteriche sintetiche su specie di piante modello rilevanti per i sistemi alimentari, e attraverso lo studio della
risposta del sistema sia considerando le prestazioni dal punto di vista della pianta, sia concentrandosi sullo sviluppo
del microbioma della pianta quando la comunita ¢ alterata dall’introduzione di un invasore.

1. State-of-the-Art

Plants provide a multitude of niches for the growth and proliferation of a diversity of microorganisms. These
microorganisms can form complex co-associations with plants and have important roles in promoting the
productivity and health of the plant in natural environments. It has been proposed that plants and the associated
microbiota form a ‘holobiont’. Bacteria are qualified as Plant Growth Promoting (PGP) strain when they can
produce a positive effect on the plant upon inoculation (Stefan et al., 2013). The use of PGP microorganisms in
agriculture as biofertilizers and biostimulants represents an eco-friendly alternative to the chemical products that
are excessively used to obtain high yields, which is also a new approach to the practice of organic farming (Inculet
etal., 2019). However, there is growing concern that these ‘alien” microorganisms have properties that make them
likely to become invasive (Mawarda et al., 2020). Moreover, invading allochthonous microbes can include
Antibiotic Resistant Bacteria (ARB), which importance rises in consideration of the role of antibiotic production
and/or resistance for the colonization of environmental niches, including the rhizosphere. ARB, together with
Antibiotic Resistant Genes (ARGS), can enter the agri-food ecosystems using municipal sewage treatment plants
(STP) effluents (Christou et al., 2017) and horizontal gene transfer (HGT) plays a crucial role in the spreading of
ARGs (Santala et al., 2016). Literature shows that in situ plasmid transfer in natural environments occurs in
specific hot spots, where appropriate growth conditions, colonization, and interaction of bacteria occur. These
environmental niches include the rhizosphere and plant surfaces. In this context, our research group is studying
the spread of AR within bacterial communities naturally associated to lettuce, a crop cultivated for raw
consumption. The idea behind this project relates to studies focused on plant holobionts’ responses towards
bacterial invasion, previously only focused on a pathogen perspective. Given the importance of the plant
microbiome and beneficial bacteria for food production, and the risk of antibiotic resistance spread through HGT
in food systems, | will focus on the intersections with plant growth promoting and antibiotic resistant bacteria, in
compliance with the One Health concept. This will be seen from a holistic approach, considering both the plant
and the bacterial community response to the addition of specific bacterial strains or consortia. In fact, while natural
microbial communities are composed of a mix of microbes mostly with unknown functions, the construction of
synthetic microbial communities allows for the generation of defined systems with reduced complexity (Grof3kopf
and Soyer, 2014). A further objective of this study would be the exploitation of the gained knowledge to develop
an effective system for bacterial delivery to plants, working on a selection of the most promising strain or
consortium according to their ability to improve the plant resilience to abiotic stress. Vegetable-derived
biopolymers are good candidates for PGPB encapsulation, according to literature (Power et al., 2011, Vejan et al.,
2018), and they could be obtained from food industry wastes in a circular economy approach.
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2. PhD Thesis Objectives and Milestones

The main tasks of this project are, specifically: 1) the selection of beneficial and/or antibiotic-resistant bacteria
from relevant plant spp./environments and the design of SynComm; Il) SynComm administration to the plant spp.
of interest to study bacterial invasion and measure the response of the holobiont under different growth conditions;
I11) the developing of novel delivery systems to facilitate the holobiont invasion by beneficial bacteria in a
sustainable agriculture perspective; 1V) the dissemination of the scientific results. According to the Gantt diagram
(Table 1), the activities will be subdivided as follows:

Al) Definition of plant microbiome under specific environmental conditions to evaluate the prevalence of
taxonomic groups and address further isolation efforts to create robust synthetic communities,
representative of the specific plant microbiome (M1.1: depiction of plant microbiome under different
conditions, M1.2: design of SynComm).

A2) Setup of reshaped plant holobiont and its assessment in terms of microbiome assembly and plant
performance, trough the administration of SynComm, represented by plant-growth promoting and/or
antibiotic resistant bacteria previously isolated in A1l. A2.1: assessment of antibiotic resistance spread in the
plant microbiome. A2.2: plant holobiont response to beneficial bacteria invasion (M2.1: description of plant
microbiome response to invasion by ARB, M2.2: Description of holobiont response to invasion by PGP
bacteria)

A3) Prototype delivery systems for beneficial bacteria application to plants to improve effectiveness and
establishment of biofertilizer/biostimulants in agriculture (M3.1: setup of protocols to improve beneficial
strain delivery to plants)

A4) Dissemination of the scientific research outputs will be done pursuing the open diffusion of scientific results.
(M4.1: participation to 3 national/international conferences and publication of 3 open-access articles to peer-
review journals)

Table 1. Gantt diagram for this PhD thesis project

Activity/month

Al) |Definition of plant microbiome and Synncom design

Al.1 depiction of plant microbiome under relevant
environmental conditions

Al.2 design of SynnComm

A2) [Setup of reshaped plant holobiont and its assessment

A2.1 assessment of AR spread in the plant microbiome
A2.2 plant holobiont response to beneficial bacteria
invasion

Prototype delivery systems for beneficial bacteria

A3) |application to plants

A4) [Dissemination
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Computational approaches integrated to biomolecular technologies to study
foodborne viral infections: virulence factors and identification of food-
grade components with potential anti-viral activity

Lorenzo Pedroni (lorenzo.pedroni@unipr.it)
Food and Drug Department, Univeristy of Parma, Italy
Tutor: Prof. Sergio Ghidini, Prof. Luca Dellafiora

This PhD thesis research project revolves around innovative ways to study foodborne viruses. Specifically,
computational approaches such as molecular modelling, molecular docking and molecular dynamics will be
exploited to both characterize virulence factors and possibly identify anti-viral food-grade components. The in
silico results will be then evaluated on a selection of strong candidates through experimental trials.

Approcci computazionali integrati a tecnologie biomolecolari nello studio di infezioni
virali di origine alimentare: fattori di virulenza e identificazione di costituenti alimentari
a potenziale attivita antivirale

Questo progetto di ricerca per la tesi di dottorato si concentra su modi innovativi per lo studio di virus di origine
alimentare. In particolare, verranno sfruttati approcci computazionali quali la modellazione molecolare, il docking
molecolare e la dinamica molecolare per caratterizzare fattori di virulenza ed eventualmente identificare
componenti antivirali per uso alimentare. I risultati in silico saranno successivamente valutati su una selezione di
candidate che verranno testati in laboratorio.

1. State of The Art

As reported by the World Health Organization (WHO), around 10% of people worldwide get sick due to the
ingestion of contaminated food and roughly half a million of them die. These deaths are not normally distributed
throughout the population, with children under 5 years old accounting for 30%.

Despite foodborne diseases are especially spread in low/middle income countries, the more frequent international
trades and the consequent lengthening of food chains have increased the risk of food contamination in all
geographical areas. In this context, foodborne viruses represent 20% of the total foodborne-related illnesses
accounting for the 8% of the total number of deaths, being particularly threatening for kids, immunocompromised,
elders and pregnant women (WHO, 2015).

There are several foodborne viruses such as Norovirus, Hepatitis A and E viruses, Rotavirus, Astrovirus and many
others. Their in vitro culture is frequently hard to achieve, indeed mammalian cell cultures carry along lots of
weaknesses which would be avoided running in silico analysis (Bosch et al., 2018; Yeh et al., 2008; D’Souza et
al., 2016). However, computational approaches are still quite rare in the Food Science field although they could
bring lots of advantages, either as standing alone techniques or integrated to in vitro approaches.

The first advantage of computational approaches is the possibility of evaluating the activity and the underpinning
mechanism of action of a huge number of compounds in relatively short times (Dellafiora et al., 2018; Badawy et
al., 2019). The in silico screening allows the planning of targeted experiments, once again saving time and money.
Secondly, such approaches permit the rational design of new possible antimicrobial natural-derived compounds
(Palmieri et al., 2016).

This PhD thesis project will initially focus on Hepatitis E Virus (HEV) to possibly move to other foodborne viruses
applying the same pipeline adopted for this first virus. HEV is the first chosen foodborne virus being the cause of
more than 50 000 deaths/year, accounting for the 3% of the mortality due to hepatitis, and being optimal cell
culture models not available yet.

2. PhD Thesis Objectives And Milestones

The main activities of the PhD Project, reported in the below Gantt diagram (Table 1), are the following:

1) Characterizing the virulence factors of HEV and others foodborne viral pathogens. The virulence factors
(i.e. crucial proteins for the virus proliferation) will be retrieved from the Protein Data Bank
(https://www.rcsb.org/) or, if they are not available, modelled through homology/comparative modelling
procedures or by exploiting new deep-learning based tools.

2) Collecting natural compounds both from literature and available databases. The first step will be the
collection of already known viral inhibitors and secondly a ligand-based similarity search will be exploited to
discover new chemical structure potentially endowed of antiviral activity.

3) Insilico evaluation of the virulence factors models and of the natural compounds’ activity. This step is the
most time-consuming. Firstly, the virulence factor — natural compound complexes will be built through molecular
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docking and secondly molecular dynamics simulations ran to estimate the complex stability as a mean to predict
ligand activity. The in silico results will be evaluated and ranked based on the docking scores and mostly on the
results of molecular dynamics simulations.

4) In vitro testing of the in silico chosen natural compounds. This step will be crucial to either confirm or reject
the outcomes collected from previous step. The testing of food-grade compounds will be privileged in the light of
their possible future use along the food and feed production chains.

5) Collecting literature, writing scientific papers, preparing scientific communications and the PhD thesis.

Table 1 Gantt diagram highlighting the further steps of the PhD project

Month

Activi
Y 01102]|03{04(05|06|07(08(09|10|11({12(13|14|15(16|17|18|19(20(21|22|23(24

1) |Characterizing virulence factors
Virulence factor identification
Recover the 3D structure or

in silico model it

2) |Collecting natural compounds
Recover already known inhibitors
Find new ones via similarity search

3) [Insilico testing
Molecular Docking

Molecular Dynamics simulations
4) [In vitro evaluation of in silico results
5) [PhD thesis and papers preparation
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Applying and testing of ''on site on time” sensors and tools for the
sustainability of wine and extra virgin olive oil processes

Stefano Pettinelli (stefano.pettinelli@phd.unipi.it)
Dept. Food Science and Technology, University of Pisa, Pisa, Italy
Tutor: Prof. Fabio Mencarelli (UniPi) - Prof.Andrea Bellincontro (Unitus)

This PhD research project aims to apply sensors on site and on time, using technologies that allow the cost reduction
in the application. The enological and elaiotechnical industries in fact require simple, rapid and reliable methods
for an objective assessment of the quality of wine and oil in real time during the process. Optimizing the phenolic
extraction process for wine or oil extraction means increasing the energy coefficient, high output with low input.
The application of new technologies can allow the reduction of the use of energy within the company and favor
the quality of the transformation processes, thus leading to produce materials with higher quality, and to have more
safety in working operations.

Applicazione e sperimentazione di sensori e strumenti *on site on time"* per la
sostenibilita dei processi del vino e dell*olio extravergine di oliva

Questo progetto di dottorato di ricerca mira ad applicare sensori in loco utilizzando tecnologie che consentano la
riduzione dei costi nell'applicazione. Le industrie enologiche ed elaiotecniche richiedono infatti metodi semplici,
rapidi ed affidabili per una valutazione oggettiva della qualita del vino e dell'olio in tempo reale durante il processo.
Ottimizzare il processo di estrazione fenolica per I'estrazione di vino o olio significa aumentare il coefficiente
energetico, alta resa con basso input. L'applicazione di nuove tecnologie pud consentire la riduzione del consumo
di energia all'interno dell'azienda, favorire la qualita dei processi di trasformazione, aumentare la qualita dei prodotti
e garantire maggiore sicurezza nelle operazioni di lavoro.

1. State of the Art

The use of sensors and new technologies can help reduce costs and increase the safety of analysis results with very
low margins of errors. Generally, the errors are correlated with the sampling or with the sample itself, but they are
hardly correlated with the new technology instruments. The instruments clearly have to be subjected to a calibration
model directly related to a mathematical format and then the response is established. In recent years, attention has
been drawn to the use of SAWSs to drive microfluidic implementation and a variety of other processes. Due to the
mismatch of the sound velocities in the substrate and the SAW fluid, SAWSs can be efficiently transferred into the
fluid, creating significant inertial forces and fluid velocities.

Another instrument is the Near infrared (NIR) spectroscopy, based on molecular nuances and combined vibrations.
NIR radiation induces the vibrational transition of molecule bonds. In addition, the NIR region contains the nuances
and combinations of OH, NH, CH and SH bonds of organic molecules. It presents the possibility of working on
leaves, fruit and liquids. Scans the range of the NIR region between 1100-2300 nm, with 2 nm of resolution and 1
spectrum plus the average of 100 scans. This tool allows to evaluate the progress of alcoholic fermentations (di
Egidio et al., 2010), the influence of the activity of yeasts (Marsico et al., 2018), the ripening process of grapes
(Cozzolino et al., 2006) and the prediction of anthocyanins and polyphenols content in wine and olive oil (Can et
al., 2018).

Another application has been carried out in the research of volatile compounds and its use also allows the recognition
of matrices coming from the same material (Martelo-Vidal & Véazquez, 2014). The application of biosensors,
analytical devices consisting of a biologically active sensitive element (enzymes, cells, antibodies, etc.) and an
electronic part, has also give the possibility to reduce the chemical analysis operations. These exploit the work of
various components. A bioreceptor is related to the analyte, which can be an enzyme or an antibody, then there is
the product and finally the transducer, which can be electrochemical, acoustic, optical or mechanical. Their
application has been implemented in the determination of polyphenols (Gomes et al., 2022), in the control of
fermentation kinetics, and the behaviour of the yeasts (Samphao et al., 2022).

QCM-D was already used for wine analysis, with ad hoc experiments exploring the role of positively and negatively
charged functional groups (Mierczynska-Vasilev et al., 2016) and different polymeric functionalizations
(Mierczynska-Vasilev, Molecules, et al., 2016). Its chemical functionalization based on proteins and peptides
allowed to quantify the content of two families of tannins and procyanidins (Krishnamoorthy et al., 2022). This tool
has also been used to check the presence of ochratoxins in wines. Another situation is the use of these sensors for
the quantification of sulfite, that is based on the detection of an enzyme (Situmorang et al., 1999). Selection of
appropriate kinetic models and data-analysis techniques are essential to predict the future quality, to account for
variability in environmental conditions, and to allow real-time monitoring.
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2. PhD Thesis Objectives and Milestones

Within the overall objective mentioned above, this PhD thesis project can be subdivided into the following
activities according to the Gantt diagram given in Table 1:

Al) Application of new technologies tools and sensors: An evaluation of the application of different tools within
specific research plans. An itinerary that helps to carry out destructive analyzes in order to be able to calibrate
the various tools to be applied. The installation of sensors on site in order to evaluate analytic parameters and
subsequently compare their efficiency in terms of reading and economics. Creation of a protocol to apply on
future research and quantification of the adaptability. Study of the ability to speed up work and save money
without making mistakes. Direct quantification of substances during winemaking and olive oil extraction
process.

A2) Evaluation of the efficiency of non destructive instruments: Quantification of data reliability in comparison
with the destructive analysis Statistic correlation with the destructive analysis, comparison with the
credibility of the analyzes and demonstration of their sustainability and cost-effectiveness. Check if thoose
tools help in increasing the quality of the final product and reduce costs for the wineries and olive oil
companies.

A3) Writing and Editing: the PhD thesis, scientific papers and oral and/or poster communications and statistical
analyses of data.

Table 1: Gantt diagram for this PhD thesis 