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WORKSHOP PROGRAM

Wednesday, April 26

Session 1.1 - Measurements in veterinary surgery and gynaecology

Room: Aula Magna - Conference Center University of Naples Federico II
Chairs: Angela Palumbo Piccionello, University of Camerino, Italy
Adolfo Maria Tambella, University of Camerino, Italy

1 Improvements in contactless wound area measurement using an app for mobile digital smart devices in
veterinary medicine
Adolfo Maria Tambella, University of Camerino, Italy
Margherita Galosi, University of Camerino, Italy
Alessio Angorini, University of Camerino, Italy
Angela Palumbo Piccionello, University of Camerino, Italy
Caterina Di Bella, University of Camerino, Italy
Federica Serino, University of Camerino, Italy
Fabrizio Dini, University of Camerino, Italy
Sara Sassaroli, University of Camerino, Italy
Alessandro Troisi, University of Camerino, Italy

7 Ultrasound and Sonoelastographic Features of the Patellar Ligament in Dogs Affected by Cranial Cruciate
Ligament Rupture
Angela Palumbo Piccionello, University of Camerino, Italy
Luca Pennasilico, University of Camerino, Italy
Caterina Di Bella, University of Camerino, Italy
Adolfo Maria Tambella, University of Camerino, Italy
Sara Sassaroli, University of Camerino, Italy
Valentina Riccio, University of Camerino, Italy
Fabrizio Dini, University of Camerino, Italy
Nicola Pilati, University of Camerino, Italy
Antonella Volta, University of Parma, Italy

12 Transverse Abdominal Plane (TAP) Block in Rabbit Cadavers: Anatomical Description and Measurements
of Injectate Spread Using One- and Two-Point Approaches
Caterina Di Bella, University of Camerino, Italy
Luca Pennasilico, University of Camerino, Italy
Federica Serino, University of Camerino, Italy
Margherita Galosi, University of Camerino, Italy
Adolfo Maria Tambella, University of Camerino, Italy
Angela Palumbo Piccionello, University of Camerino, Italy

Session 1.2 - General Session - PART 1

Room: Room A - Conference Center University of Naples Federico 1T
Chairs: Oscar Tamburis, National Research Council, Italy
Ioan Tudosa, University of Sannio, Italy

17 A wearable system for respiratory rate monitoring in veterinary medicine: preliminary results on dogs
Alessandra Angelucci, Politecnico di Milano, Italy
Giacomo Martinetti, Politecnico di Milano, Italy
Francesco Birettoni, University of Perugia, Italy
Antonello Bufalari, University of Perugia, Italy
Andrea Aliverti, Politecnico di Milano, Italy



22 Assessing wild boar presence and activity in a monitoring specific area of Campania region using camera
traps
Nadia Piscopo, University of Naples Federico II, Italy
Oscar Tamburis, National Research Council, Italy
Francesco Bonavolonta, University of Naples Federico I, Italy
Maria Teresa Verde, University of Naples Federico II, Italy
Maria Manno, University of Naples Federico I, Italy
Marianna Mancusi, University of Naples Federico II, Italy
Luigi Esposito, University of Naples Federico II, Italy

27 Bioelectrical impedance analysis in monitoring dogs with myxomatous mitral valve disease: a preliminary
study
Noemi Nisini, University of Perugia, Italy
Andrea Corda, University of Sassari, Italy
Domenico Caivano, University of Perugia, Italy
Francesco Porciello, University of Perugia, Italy
Francesco Birettoni, University of Perugia, Italy

31 An Innovative Approach for Analysing and Evaluating Enteric Diseases in Poultry Farm
Federica Borgonovo, Universita degli Studi di Milano, Italy
Valentina Ferrante, Universita degli Studi di Milano, Italy
Guido Grilli, Universita degli Studi di Milano, Italy
Marcella Guarino, Universita degli Studi di Milano, Italy

Session 2.1 - Innovation and sustainability of PLF

Room: Aula Magna - Conference Center University of Naples Federico II
Chairs: Angela Salzano, University of Naples Federico II, Italy
Roberto Chirone, University of Naples Federico I, Italy

36 Reliable use of smart cameras for monitoring biometric parameters in Buffalo Precision Livestock Farming
Leopoldo Angrisani, University of Naples Federico I, Italy
Angela Salzano, University of Naples Federico II, Italy
Roberta Matera, University of Naples Federico II, Italy
Francesco Bonavolonta, University of Naples Federico I, Italy
Maria Teresa Verde, University of Naples Federico II, Italy
Nadia Piscopo, University of Naples Federico II, Italy
Domenico Vistocco, University of Naples Federico II, Italy
Oscar Tamburis, National Research Council, Italy

42 Performance evaluation of a prototype for the defense against wolf attacks on livestock animals
Riccardo Primi, Universita degli Studi della Tuscia, Italy
Paolo Viola, Universita degli Studi della Tuscia, Italy
Pier Paolo Danieli, Universita degli Studi della Tuscia, Italy
Bruno Ronchi, Universita degli Studi della Tuscia, Italy
Raffaello Spina, Universita degli Studi della Tuscia, Italy

48 Patterns of milking data from a commercially available precision livestock farming (PLF) technology for
on farm sensor-based health evaluation
Francesca Petrera, Council for Agricultural Research and Economics, Italy
Stefania Barzaghi, Council for Agricultural Research and Economics, Italy
Rosanna Marino, Council for Agricultural Research and Economics, Italy
Alberto Zoggia, Council for Agricultural Research and Economics, Italy
Fabio Abeni, Council for Agricultural Research and Economics, Italy



53

58

63

A sustainability assessment of three different feeding strategies for an Italian Mediterranean buffalo farm
Roberto Chirone, University of Naples Federico II, eLoop srl, Italy
Piero Salatino, University of Naples Federico II, Italy
Giuseppe Campanile, University of Naples Federico II, Italy
Andrea Paulillo, University of Naples Federico I1, eLoop stl, Italy
Angela Salzano, University of Naples Federico II, eLoop srl, Italy
Fabian Capitanio, University of Naples Federico II, Italy
Gianluca Neglia, University of Naples Federico II, Italy

Short Review of Current Limits and Challenges of Application of Machine Learning Algorithms in the
Dairy Sector

Lucia Trapanese, University of Naples Federico I, Italy

Angela Salzano, University of Naples Federico I, Italy

Nicola Pasquino, University of Naples Federico II, Italy

Application of Machine Learning Algorithms to Buffalo Routine Data: Preliminary Results
Lucia Trapanese, University of Naples Federico I, Italy
Nicola Pasquino, University of Naples Federico 11, Italy
Massimo De Marchi, University of Padova, Italy
Angela Salzano, University of Naples Federico II, Italy

Session 2.2 - New Advances in Animal Housing, Equipment and Manure Management Strategies
Jor Minimizing Impacts - PART 1

Room: Room A - Conference Center University of Naples Federico 11

Chairs: Stefania Pindozzi, University of Naples Federico II, Italy

69

74

79

84

90

Marco Bovo, Alma Mater Studiorum University of Bologna, Italy

Definition of a simplified ventilation performance indicator for livestock buildings
Enrica Santolini, University of Bologna, Italy
Marco Bovo, University of Bologna, Italy
Alberto Barbaresi, University of Bologna, Italy
Daniele Torreggiani, University of Bologna, Italy
Patrizia Tassinari, University of Bologna, Italy

Numerical detection of productive anomalies in dairy cows induced by environmental conditions
Mattia Ceccarelli, University of Bologna, Italy
Miki Agrusti, University of Bologna, Italy
Marco Bovo, University of Bologna, Italy
Claudia Giannone, University of Bologna, Italy
Daniele Torreggiani, University of Bologna, Italy
Patrizia Tassinari, University of Bologna, Italy

Adaptation of buffalo calves to a new automatic milk feeder
Maura Sannino, University of Naples Federico I, Italy
Salvatore Faugno, University of Naples Federico I, Italy
Vincenzo Topa, University of Naples Federico II, Italy
Rossella Piscopo, University of Naples Federico I, Italy
Fausto Esposito, University of Naples Federico II, Italy

Green roofs for passive protection of animals from heat stress: first results of a pilot facility
Elisabetta Riva, University of Milan, Italy
Enrico Ferrari, University of Milan, Italy
Giorgio Provolo, University of Milan, Italy

The Importance of Automation in in Vivo Research: An Applied Example of Phenotyping Mouse Circadian
Activity

Sara Fuochi, University of Bern, Switzerland

Mara Rigamonti, Tecniplast SpA, Italy

Marcello Raspa, National Research Council, Italy

Paolo de Girolamo, University of Naples Federico I, Italy

Livia D’Angelo, University of Naples Federico II, Italy



Thursday, April 27

Session 3.1 - Rapid and low-cost technologies for large scale phenotyping in livestock

Room: Aula Magna - Conference Center University of Naples Federico II
Chairs: Angela Costa, University of Bologna, Italy

94

99

103

108

Massimo De Marchi, University of Padova, Italy

Detection of common adulterants in bulk bovine milk Using fourier transformed mid-infrared spectroscopy
Alberto Guerra, University of Padova, Italy
Marco Franzoi, University of Padova, Italy
Vania Vigolo, University of Padova, Italy
Enrico Tosetto, University of Padova, Italy
Massimo De Marchi, University of Padova, Italy

Prediction of sheep bulk milk coagulation properties from mid-infrared spectral data
Carlo Boselli, Experimental Zooprophylactic Institute Lazio and Toscana, Italy
Alberto Guerra, University of Padova, Italy
Angela Costa, University of Bologna, Italy
Massimo De Marchi, University of Padova, Italy

Portable milkmeters for the rapid in-field collection of milkability phenotypes in dairy goats
Silvia Magro, University of Padova, Italy
Carlo Boselli, Experimental Zooprophylactic Institute Lazio and Toscana, Italy
Angela Costa, University of Bologna, Italy
Massimo De Marchi, University of Padova, Italy

The introduction of automatic milking system in an existing layout barn: effects on udder health and
mastitis control

Damiano Cavallini, University of Bologna, Italy

Ludovica Mammi, University of Bologna, Italy

Riccardo Colleluori, University of Bologna, Italy

Giovanni Buonaiuto, University of Bologna, Italy

Angela Costa, University of Bologna, Italy

Sara Speroni, University of Bologna, Italy

Andrea Formigoni, University of Bologna, Italy

Session 3.2 - Metrology in Food Control System - PART 1

Room: Room A - Conference Center University of Naples Federico IT
Chairs: Raffaella Branciari, University of Perugia, Italy

113

Sergio Ghidini, University of Parma, Italy
Raffaele Marrone, University of Naples Federico II, Italy

Freshness inspection during the shelf life of Sepia officinalis using the Vis-NIR spectroscopy
Sarah Curro, University of Padova, Italy
Luca Fasolato, University of Padova, Italy
Stefania Balzan, University of Padova, Italy
Enrico Novelli, University of Padova, Italy



117 Measuring the antimicrobial activity of natural extracts against food spoilage bacteria to enhance food
hygiene: preliminary in vitro results

Rossana Roila, University of Perugia, Italy
Sara Primavilla, Istituto Zooprofilattico Sperimentale dell’ Umbria e delle Marche, Italy
David Ranucci, University of Perugia, Italy
Roberta Galarini, Istituto Zooprofilattico Sperimentale dell’Umbria e delle Marche, Italy
Michela Codini, University of Perugia, Italy
Danilo Giusepponi, Istituto Zooprofilattico Sperimentale dell’Umbria e delle Marche, Italy
Caterina Altissimi, University of Perugia, Italy
Andrea Valiani, Istituto Zooprofilattico Sperimentale dell’ Umbria e delle Marche, Italy
Patrizia Casagrande-Proietti, University of Perugia, Italy
Raffaella Branciari, University of Perugia, Italy

122 Measurement of Rheological Properties in raw and cooked Meat aged with a Controlled Dry-Aging System
Marika Di Paolo, University of Naples Federico I, Italy
Giulia Polizzi, University of Naples Federico II, Italy
Lucia Vollano, University of Naples Federico II, Italy
Aniello Anastasio, University of Naples Federico I, Italy
Giovanna Bifulco, University of Naples Federico II, Italy
Claudia Lambiase, University of Naples Federico II, Italy
Alessandro Cuomo, Arredo Inox Srl, Italy
Raffaele Marrone, University of Naples Federico I, Italy

127 Antibiotic Residues in Freshwater Fish Farmed in Umbria and Marche Regions
Irene Diamanti, Istituto Zooprofilattico Sperimentale dell’Umbria e delle Marche, Italy
Roberta Galarini, Istituto Zooprofilattico Sperimentale dell’Umbria e delle Marche, Italy
Raffaella Branciari, University of Perugia, Italy
Rossana Roila, University of Perugia, Italy
Giuseppe Palma, Assoittica, Italy
Giorgio Saluti, Istituto Zooprofilattico Sperimentale dell’Abruzzo e del Molise, Italy
Cristiano Carloni, Istituto Zooprofilattico Sperimentale dell’Umbria e delle Marche, Italy
Laura Fioroni, Istituto Zooprofilattico Sperimentale dell’Umbria e delle Marche, Italy

Session 4.1 - New Advances in Animal Housing, Equipment and Manure Management Strategies
Jor Minimizing Impacts - PART 2

Room: Aula Magna - Conference Center University of Naples Federico II
Chairs: Stefania Pindozzi, University of Naples Federico II, Italy
Andrea Pezzuolo, University of Padova, Italy

132 Biofuels, Bioenergy and Bioproducts From Livestock Sector: a Research and Development Perspective
Giovanni Ferrari, University of Padova, Italy
Francesco Marinello, University of Padova, Italy
Andrea Pezzuolo, University of Padova, Italy

137 Evaluation of frequent slurry removal as an option to mitigate ammonia and greenhouse gases emissions
from dairy barns
Flavia Dela Pierre, Universita di Torino, Italy
Martina Friuli, Universita di Torino, Italy
Luca Rollé, Universita di Torino, Italy
Telma Eleonora Scarpeci, Universita di Torino, Italy
Elio Dinuccio, Universita di Torino, Italy

142 Evaluation of ammonia and GHG emissions from frass in agricultural biogas systems
Telma Eleonora Scarpeci, Universita di Torino, Italy
Luca Rollé, Universita di Torino, Italy
Flavia Dela Pierre, Universita di Torino, Italy
Martina Friuli, Universita di Torino, Italy
Elio Dinuccio, Universita di Torino, Italy



146 GIS-based analysis to assess biogas energy potential as support for manure management in Southern Italy
Ester Scotto di Perta, University of Naples Federico II, Italy
Elena Cervelli, University of Naples Federico I, Italy
Raffaele Grieco, University of Bologna, Italy
Antonio Mautone, University of Naples Federico II, Italy
Stefania Pindozzi, University of Naples Federico I, Italy

Session 3.2 - Metrology in Food Control System - PART 2

Room: Room A - Conference Center University of Naples Federico IT

Chairs: Raffaella Branciari, University of Perugia, Italy
Sergio Ghidini, University of Parma, Italy
Raffaele Marrone, University of Naples Federico II, Italy

152 Determination of sulfonamides in muscle: a metrological tool for food safety
Irene Diamanti, Istituto Zooprofilattico Sperimentale dell’Umbria e delle Marche, Italy
Roberta Galarini, Istituto Zooprofilattico Sperimentale dell’Umbria e delle Marche, Italy
Raffaella Branciari, University of Perugia, Italy
Rossana Roila, University of Perugia, Italy
Giorgio Saluti, Istituto Zooprofilattico Sperimentale dell’Abruzzo e del Molise, Italy
Cinzia Fanini, Istituto Zooprofilattico Sperimentale dell’ Umbria e delle Marche, Italy
Domenico Boccia, Istituto Zooprofilattico Sperimentale dell’ Umbria e delle Marche, Italy
Laura Fioroni, Istituto Zooprofilattico Sperimentale dell’Umbria e delle Marche, Italy

157 Potential apoptotic impact of dairy by-product, a preliminary work
Carlotta Ceniti, University Magna Grecia, Italy
Emanuela Chiarella, University Magna Grecia, Italy
Jessica Bria, University Magna Grecia, Italy
Domenico Britti, University Magna Grecia, Italy
Rosa Luisa Ambrosio, University of Naples “Federico 11, Italy
Aniello Anastasio, University of Naples “Federico 11", Italy

162 Remote post-mortem veterinary meat inspections in bovine and analysis of post mortem inspection outcomes
: preliminary results
Maria Francesca Peruzy, University of Naples Federico II, Italy
Valeria Vuoso, University of Naples Federico II, Italy
Claudio Felicani, Local Health Unit, Modena, Italy
Giuseppe Cotturone, Local Health Unit, Modena, Italy
Kurt Houf, Ghent University, Belgium
Nicoletta Murru, University of Naples Federico II, Italy

167 Impedance method application for number detection Escherichia coli in molluscs testing by official laboratory
Marica Egidio, University of Naples Federico I, Italy
Raffaele Marrone, University of Naples Federico II, Italy
Marika Di Paolo, University of Naples Federico I, Italy
Salvatore Capo, Istituto Zooprofilattico Sperimentale del Mezzogiorno, Italy
Emanuele Esposito, Istituto Zooprofilattico Sperimentale del Mezzogiorno, Italy
Maurizio Della Rotonda, Executive Task Force Prevention and Veterinary Public Health, Italy
Federico Capuano, Istituto Zooprofilattico Sperimentale del Mezzogiorno, Italy
Yolande Thérése Rose Proroga, Istituto Zooprofilattico Sperimentale del Mezzogiorno, Italy
Aniello Anastasio, University of Naples Federico I, Italy
Andrea Mancusi, Istituto Zooprofilattico Sperimentale del Mezzogiorno, Italy

172  Two lung scoring systems compared in an Italian pig abbatoir
Sergio Ghidini, University of Parma, Italy
Emanuela Zanardi, University of Parma, Italy
Maria Olga Varra, University of Parma, Italy
Adriana Ianieri, University of Parma, Italy
Mauro Conter, University of Parma, Italy
Silvio de Luca, University of Parma, Italy
Giovanni Alborali, Istituto Zooprofilattico Sperimentale della Lombardia e dell’ Emilia-Romagna, Italy



Session 5.1 - Measurement of animal welfare in livestock - PART 1
Room: Aula Magna - Conference Center University of Naples Federico II
Chairs: Claudio Forte, University of Torino, Italy
Laura Ozella, University of Torino, Italy
176 Application of the ClassyFarm checklist as measurement tool to evaluate the welfare of cattle kept in
tie-stalls in Aosta Valley
Martina Moriconi, Istituto Zooprofilattico Sperimentale del Piemonte, Liguria e Valle d’Aosta, Italy
Valentina Lorenzi, Istituto Zooprofilattico Sperimentale della Lombardia ed Emilia-Romagna, Italy
Clara Montagnin, Istituto Zooprofilattico Sperimentale della Lombardia ed Emilia-Romagna, Italy
Claudio Forte, University of Torino, Italy
Alessandro Dondo, Istituto Zooprofilattico Sperimentale del Piemonte, Liguria e Valle d’Aosta, Italy
Mario Vevey, Associazione Nazionale Allevatori Bovini Razza di Valdostana Gressan, Italy
Sandra Ganio, AUSL Valle d’Aosta, Italy
Francesca Fusi, Istituto Zooprofilattico Sperimentale della Lombardia ed Emilia-Romagna, University of
Parma, Italy
Stefania Bergagna, Istituto Zooprofilattico Sperimentale del Piemonte, Liguria e Valle d’Aosta, Italy

182 Bio-logging reveals heritable patterns of natural behaviours in sheep
Joss Langford, University of Exeter, UK
Tim Fawcett, University of Exeter, UK
Emily Price, University of Exeter, UK
Destiny Bradley, University of Exeter, UK
Alastair Wilson, University of Exeter, UK
Darren Croft, University of Exeter, UK

188 Preliminary study on the extention of the IT system ClassyFarm to the apiary
Clara Montagnin, Istituto Zooprofilattico Sperimentale della Lombardia ed Emilia-Romagna, Italy
Matteo Frasnelli, Istituto Zooprofilattico Sperimentale della Lombardia ed Emilia-Romagna, Italy
Francesca Fusi, Istituto Zooprofilattico Sperimentale della Lombardia ed Emilia-Romagna, Italy
Paolo Bonilauri, Istituto Zooprofilattico Sperimentale della Lombardia ed Emilia-Romagna, Italy
Luigi Bertocchi, Istituto Zooprofilattico Sperimentale della Lombardia ed Emilia-Romagna, Italy
Valentina Lorenzi, Istituto Zooprofilattico Sperimentale della Lombardia ed Emilia-Romagna, Italy

193 On-pasture and On-farm Welfare Measurement Protocol for Horses
Federica Raspa, University of Turin, Italy
Emanuela Valle, University of Turin, Italy
Alessandro Necci, IZS dell’Umbria e delle Marche, Italy
Laura Ozella, University of Turin, Italy
Lorenzo Bertocchi, IZS dell’ Umbria e delle Marche, Italy
Nicoletta D’Avino, IZS dell’Umbria e delle Marche, Italy
Marta Paniccia, I1ZS dell’ Umbria e delle Marche, Italy
Pasquale De Palo, University of Bari, Italy
Domenico Bergero, University of Turin, Italy
Martina Tarantola, University of Turin, Italy
Clara Bordin, University of Turin, Italy
Claudio Forte, University of Turin, Italy

Session 6.1 - Sustainable productivity and mitigation of environmental impact in livestock systems
(AGRITECH - Spoke 5)

Room: Aula Magna - Conference Center University of Naples Federico II
Chairs: Nicola Lacetera, University of Tuscia, Italy
Danilo Ercolini, University of Naples Federico II, Italy
Gianluca Neglia, University of Naples Federico II, Italy
198 Financial sustainability of adopting digital technologies in dairy cattle farms: evidence from a specific case
study and a more general assessment
Davide Dell’Unto, University of Tuscia, Italy
Samantha Testa, University of Tuscia, Italy
Raffaele Cortignani, University of Tuscia, Italy



203 New Visual Image Analysis devices for automatic classification of bovine carcasses (SEUROP)
Paolo Negretti, Orisha s.r.l., Italy
Giovanna Bianconi, CRF - Cooperativa Ricerca Finalizzata, Italy
Nicola Cugola, CUVIS s.r.lL, Italy
Alessandro Pacenti, West Systems s.r.l, Italy
Marco Pellegrini, Masaf, Italy
Gianfranco Cavallaro, Masaf, Italy

208 Beneficial Fungal Microbes as Novel Ecosustainable Tools for Forage Crops
Daria Lotito, University of Naples Federico II, Italy
Gabriella Orazzo, University of Naples Federico 1, Italy
Roberta Matera, University of Naples Federico I, Italy
Nadia Musco, University of Naples Federico II, Italy
Alessia Staropoli, National Research Council, , University of Naples Federico II, Italy
Francesco Vinale, University of Naples Federico II, Italy

213 Integrating barn environmental data and cow behaviour to improve farm management and animal welfare
Giorgio Provolo, University of Milan, Italy
Lisette M.C. Leliveld, University of Milan, Italy
Daniela Lovarelli, University of Milan, Italy
Elisabetta Riva, University of Milan, Italy

219 Drilling Task with a Quadruped Robot for Silage Face Measurements
Viviana Morlando, University of Naples Federico II, Italy
Gianluca Neglia, University of Naples Federico 11, Italy
Fabio Ruggiero, University of Naples Federico II, Italy

225 Developing a thermal balance model to account heat load in dairy cows
Andrea Vitali, University of Tuscia, Italy
Giampiero Grossi, University of Tuscia, Italy
Umberto Bernabucci, University of Tuscia, Italy
Nicola Lacetera, University of Tuscia, Italy

230 Assessing thresholds for cow behaviour detection in free stall barns: a statistical analysis
Simona M.C. Porto, University of Catania, Italy
Marco Bonfanti, University of Catania, Italy
Dominga Mancuso, University of Catania, Italy
Giulia Castagnolo, University of Catania, Italy
Giovanni Cascone, University of Catania, Italy

235 Experimental validation of Smart Glasses for Augmented Reality in Livestock Farming: Potentials and
Perspectives
Gabriele Sara, University of Sassari, Italy
Daniele Pinna, University of Sassari, Italy
Giuseppe Todde, University of Sassari, Italy
Maria Caria, University of Sassari, Italy

240 Mixed hays produced in Southern of Italy: nutritive value and environmental impact
Alessandro Vastolo, Univeristy of Napoli Federico II, Italy
Dieudonné Kiatti, Univeristy of Napoli Federico II, Italy
Monica Isabella Cutrignelli, Univeristy of Napoli Federico II, Italy
Serena Calabro, University of Napoli Federico II, Italy



245 Machine Learning NIR wavelength selection: application for a low-cost portable instrument for livestock
feed management

Marco Milanesi, University of Tuscia, Italy
Daniele Pietrucci, University of Tuscia, Italy
Lorenzo Serva, University of Padova, Italy
Francesco Renzi, University of Tuscia, Italy
Giovanni Vignali, University of Tuscia, Italy
Chiara Evangelista, University of Tuscia, Italy
Giorgio Marchesini, University of Padova, Italy
Igino Andrighetto, University of Padova, Italy
Umberto Bernabucci, University of Tuscia, Italy
Riccardo Valentini, University of Tuscia, Italy
Giovanni Chillemi, University of Tuscia, Italy

251 Design of a flexible, expandable, and customizable sensor network for monitoring livestock behaviour and
welfare
Francesco Renzi, University of Tuscia, Italy
Marco Milanesi, University of Tuscia, Italy
Daniele Pietrucci, University of Tuscia, Italy
Giovanni Vignali, University of Tuscia, Italy
Antonello Carta, Agenzia Regionale per la Ricerca in Agricoltura, Italy
Paolo Ajmone-Marsan, Universita Cattolica del Sacro Cuore, Italy
Giovanni Chillemi, University of Tuscia, Italy
Riccardo Valentini, University of Tuscia, Italy

Session 6.2 - General Session - PART 2

Room: Room A - Conference Center University of Naples Federico 11
Chairs: Pasquale Daponte, University of Sannio, Italy
Laura Ozella, University of Torino, Italy

256 Preliminary findings on the microbiome of a traditional brined ripened cheese
Arianna Ferrero, University of Turin, Italy
Francesco Ferrero, University of Turin, Italy
Manuela Casale, University of Turin, Italy
Fabio Bruno, Beppino e Giusi Occelli S.r.1., Italy
Daniele Michele Nucera, University of Turin, Italy

261 Microbiome studies in veterinary field: communities’ diversity measurements pitfalls
Ugo Ala, University of Torino, Italy
Angela del Carro, University of Torino, Italy
Mario Giacobini, University of Torino, Italy
Barbara Colitti, University of Torino, Italy
Ada Rota, University of Torino, Italy
Luigi Bertolotti, University of Torino, Italy

267 A computer vision approach for the automatic detection of social interactions of dairy cows in automatic
milking systems

Laura Ozella, University of Turin, Italy
Alessandro Magliola, ALTEN ltalia, Italy
Simone Vernengo, ALTEN lItalia, Italy
Marco Ghigo, ALTEN Italia, Italy
Francesco Bartoli, ALTEN Italia, Italy
Marco Grangetto, University of Turin, Italy
Claudio Forte, University of Turin, Italy
Gianluca Montrucchio, ALTEN lItalia, Italy
Karina Brotto Rebuli, University of Turin, Italy
Mario Giacobini, University of Turin, Italy



273 Reference Intervals (RIs) in Veterinary Medicine
Martina Quagliardi, University of Camerino, Italy
Livio Galosi, University of Camerino, Italy
Giacomo Rossi, University of Camerino, Italy
Alessandra Roncarati, University of Camerino, Italy
Alessandra Gavazza, University of Camerino, Italy

Friday, April 28

Session 7.1 - Non-invasive indices of welfare in farmed fish
Room: Aula Magna - Conference Center University of Naples Federico II
Chairs: Giuliana Parisi, University of Florence, Italy

Jodo L. Saraiva, Centre of Marine Sciences, Portugal
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Abstract—

In recent years, the role of the microbiota has proved to
be extremely important in medicine as one of the most
important aspects for the characterization of living beings
in both healthy and pathological conditions. Moreover,
the development of shotgun technology, and in particular
the cheaper 16S ribosomal RNA (rRNA) gene sequencing,
made possible its wide diffusion. In veterinary sciences,
microbiome studies have seen applications not only in
medicine in the strict sense (e.g diagnosis) but also, for
example, in food inspection (quality, fraud, etc.) and in
animal feed preparation itself. However, focusing on
microbial profiling by 16S rRNA sequencing, there are
several crucial aspects to be considered: from the
experimental design definition and the sample size
problem to the data analysis steps. This latter involves
several layers, e.g. which 16S rRNA databases to use,
which metrics for alpha and beta diversity, etc. In this
work, we want to present, as a case study, a critical
discussion about the large number of alpha and beta
diversity metrics and their impact in the statistical
comparisons among groups.

Keywords— microbiome, 16S rRNA, alpha diversity, beta
diversity

I INTRODUCTION

The wide technological availability in the analysis of the
microbiome (16S rRNA sequencing, shotgun metagenomics
and metatranscriptomics) has allowed a very versatile and
widespread application in many fields: from ecology to
medicine, both human and veterinary [1]-[3]. In particular,
the study and characterization of the microbiome have
revealed its crucial role with metabolism and its
interconnection with host physiology [4], [5].

Many studies have been proposed, several aimed at the
characterization of the microbial environment through the
description of which microorganisms are found, several
others provided a more complex experimental design: case-
control studies, clinical trials or, following the temporary
evolution of the data themselves, time-series experiments.
Within these inferential studies some specific problems

emerge, both in the definition of the experimental design
and in the subsequent analysis of the data obtained from the
sequencing [6], [7]. The preventive assessment of the sample
size is not straightforward: investigation and comparison of
microbial composition requires the appropriate definition of
the null hypothesis for the statistical test. Indeed, due to the
multivariate nature of the microbial data, there are many
hypotheses that can be investigated, reflecting the specific
scientific question and the chosen experimental design. They
can start with a generic request of equality of community
composition [8]-[10] and can continue to focus on
differential abundance for specific OTUs, thus being able to
evaluate which OUTs characterize a condition and, more
generally, if there are patterns of OTUs that characterize
specific conditions.

Moving at the data analysis, several choices have to be
made: i) the sequenced reads association strategy through
clustering methods, implemented for example in Mothur
with the definition of operational taxonomic units (OTU) [11]
compared to the denoising methods implemented in DADA2
with the definition of Amplicon Sequence Variants (ASV)
[12], ii) the 16S rRNA databases you can rely on for
taxonomic association (Silva [13], Greengenes [14], RDP [15]
NCBI [16]), iii) the methods used to identify differentially
abundant (DA) microorganisms [17] and iv) the algorithms
used to calculate and to compare alpha and beta diversities
[18], [19].

These diversity metrics differ in the basic [20], [21]: some
focus more on the number of features, some others more on
the evenness with few that considers the phylogenetic
relationship among features (Faith's phylogenetic diversity
[22] and UniFrac distance [23]) too.

Specifically, in this work we aim to discuss the diversity
metrics problem by showing the strong variability of results
and the consequent challenge in choosing between the 24
different alpha and 19 beta diversity metrics, as
implemented on Qiime2 [24].

I METHODS

In order to test and to evaluate the possible metrics in
the Qiime2 pipeline, bacterial population structure was
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investigated in dog samples collected during parturitions
(see the experimental design scheme at Fig. 1). Briefly, 4
pregnant bitches were included in the study and samples
were collected. After birth, the puppies and the mothers
were followed and sampled at day O (the birth), day 2, and
day 30. Samples from vagina and rectum were sampled from
the mothers and meconium was collected from the puppies.
Environmental controls were sampled during the collection
time as well as a laboratory negative control during the
molecular protocols. DNA was extracted using the RNeasy
Power Microbiome KIT (Qiagen, Hilden, Germany) following
the manufacturer’s instructions. One microliter of RNaseA
(Thermo Fisher Scientific, Waltham, MA, USA) was added to
digest RNA, with an incubation of 1 h at 37 °C.DNA was
quantified with fluorimetric method Qubit High Sensitive
dsDNA kit (Life Technologies, Carlsbad, CA, USA) and
standardized at 5 ng/ul. The 16S rRNA gene was amplified
following the Illlumina 16S Metagenomic Sequencing Library
Preparation Protocol (Illumina Inc. San Diego, CA, USA), with
minor modifications. Briefly, the V3-V4 region of the 16S
gene was amplified with unique barcoded PCR primers
containing the lllumina adapter overhang nucleotide
sequences. PCR amplicons were cleaned up and size selected
using NucleoMag® NGS Clean-up and Size Select (Macherey-
Nagel, Allentown, PA, USA). The resulting products were
tagged by using the Nextera XT Index Kit (lllumina Inc., San
Diego, CA, USA). After the second purification step, amplicon
products were quantified using Qubit High Sensitive dsDNA
kit (Life Technologies, Carlsbad, CA, USA). Purified and
normalized libraries were then pooled and diluted to a 4 nM
concentration. The pooled library was then denatured with
0.2 N NaOH, diluted to 10 pM, and combined with 20%
(vol/vol) denatured 10 pM PhiX and sequenced with the
MiSeq lllumina platform (lllumina Inc., San Diego, CA, USA)
with V3-600 cycles chemistry. Sequencing results were
analyzed using Trimmomatic and Qiime 2-2019.10 standard
pipelines. General Qiime2 pipeline was applied, including all
the possible metric evaluations for Alpha and Beta
diversities. Alpha diversity measures were subdivided into
three classes according to their specific focus on abundance
or uniformity: Diversity (Richness), Evenness and
Phylogenesis.

Alpha diversity metrics, as identified in Qiime2,
belonging to Diversity class are thirteen: ace, brillouin_d,
chaol, doubles, enspie, fisher_alpha, gini_index, margalef,
menhinick, michaelis_mentin_fit, observed_otus, shannon
and singles. Those belonging to Evenness class are ten:
berger_parker_d, dominance, heip_e, lladser_pe,
mcintosh_e, pielou_e, robbins, simpson, simpson_e and
strong. The one that considers the phylogenesis is the
Faith_pd. Beta diversity metrics were subdivided into two
classes according to their use of phylogenesis. Beta diversity
metrics, as identified in Qiime2, belonging to non-
phylogenetic class are sixteen: braycurtis, cityblock,
correlation, cosine, dice, euclidean, hamming, jaccard,
kulsinski, matching, rogerstanimoto, russelrao, seuclidean,
sokalmichener, sqeuclidean and yule. Those belonging to the
phylogenetic class are three: unweighted_unifrac,
weighted_unifrac and generalized_unifrac. In addition to the
beta diversity found in Qiime2, we also tested another beta
diversity metric (the Robust Aitchison PCA capable of linking
specific features to beta diversity sorting [25], available as a
Qiime2 plugin at https://github.com/biocore/DEICODE).
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Pearson correlation coefficient has been calculated for all
possible pairs of alpha diversity metric. Samples were
grouped according to i) the sample features (biological
samples vs environmental control (white) samples), ii) the
collection time (day 0, day 2 and day 30) and iii) the tissue
origin (vaginal, rectal, meconium, and control). The Wilcoxon
test and Kruskal-Wallis test were used to assess possible
statistical significant differences among groups according to
the alpha metrics. Bonferroni correction was applied to
nominal p-values. Beta diversities significances were
evaluated using the Permanova test, followed by False
Discovery Rate estimation as implemented in Qiime2. All the
statistical analyses were conducted with R statistical
software [26].

. RESULTS

The alpha diversity values have been calculated for all
samples according to the 24 different algorithms present in
Qiime2 suite and the correlations among the different
algorithms have been calculated, as reported in Figure 2.
Several clusters of highly correlated (both positively or
negatively) metrics are highlighted together with some
metrics that seem to be poorly associated with the others,
like Lladser point estimate of the unsampled taxa or Robbins
estimator of the probability of unobserved outcomes.

Successively, these alpha diversity measures have been
used to compare the different experimental groups as
defined in the Methods section. In particular, three main
comparisons have been analyzed by grouping samples
according to: environmental control versus biological
samples; the collection time or the tissue of origin. These
three comparisons were used to evaluate the ability to
highlight statistical significance of different metrics, as
reported in Table 1.

In particular, by analyzing the nominal and the corrected
p-values of metrics subdivided into the three classes, it
emerges that the class of metrics based on Diversity is able
to highlight more statistical differences among the
experimental groups. In the first comparison, between white
and biological samples, the difference among samples is
hardly detectable (46% with the Diversity metrics versus 10%
with the Evenness metrics, but 0% for both when Bonferroni
correction is applied), highlighting the presence of possible
false positives in the comparisons if nominal p-values alone
were considered. Focusing on Time and Tissue based groups,
the Diversity metrics show a range between 69% to 100% of
statistical comparisons whereas the Evenness metrics range
from 0% to 90%, generally showing a lower percentage of
significant tests and a much greater range of variability. The
Diversity metrics confirm in 69% of cases the significance
both with the nominal and the corrected p-value for both
Time and Tissue comparisons, the Evenness metrics instead
show a 50% of cases that lose significance when p-value
correction is applied. According to our data, the Faith
Phylogenetic Distance is robust as respect to the p-value
adjustment.



TABLE |. ALPHA DIVERSITY METRICS COMPARISONS

TABLE II. BETA DIVERSITY METRICS COMPARISONS

Table 1. Number of alpha diversity metrics significant comparisons
according to environmental control (White), Time and Tissue analyses. In
brackets the percentages of significant metrics are reported. The metrics
are considered all together and subdivided into classes based on their
specific aim of measurement and their distinct focus on abundance or
uniformity: Diversity (Richness), Evenness and Phylogenesis. Wilc: Wilcoxon
test; Bonf: Bonferroni correction; K-W: Kruskal Wallis test.

Time and Tissue groups’ comparisons based on Beta
diversity metrics instead show a more convergent behavior,
as reported in Table 2: the significant PERMANOVA test
percentages, both according to the empirical nominal p-
value and the False Discovery Rate (FDR) g-value, show a
high value of significant tests and are well comparable
between the two phylogenetically and non-phylogenetically
based metrics. By analyzing the pseudo-F statistics of the
pairwise comparisons, as in Figure 2, we observed that when
the differences between the experimental groups are small,
the beta diversity metrics that are able to highlight these
differences can vary between 16% of those analyzed (three
out of nineteen) to 84% (sixteen out of nineteen), but
without a real preference for measures based on phylogeny.
The added Robust Aitchison PCA beta diversity metric is in
line with other measures of beta diversity. Specifically, it
highlights significant differences for both the Time and the
Tissue comparisons (pValue < 0.001 with pseudo-F = 12.49
and pValue < 0.001 with pseudo-F = 7.66, respetively). The
specific Time pairwise comparisons put in evidence an
overall significance for all comparisons except for samples
collected at time=0 and the white samples (qValue = 0.13
with pseudo-F = 1.81). Tissue pairwise comparisons show
instead non significances in the following cases: mammary
vs meconium (gqValue = 0.39 with pseudo-F = 1.07),
mammary vs vaginal (qValue = 0.87 with pseudo-F = 0.15),
meconium vs vaginal (gqValue = 0.33 with pseudo-F = 1.27)
and vaginal vs blank (gValue = 0.15 with pseudo-F = 2.27).

White comparison Tissue comparison Time comparison Time comparison Tissue comparison
Alpha Beta
Diversity Diversity
Metrics i
Classes Wile Bonf K-w Bonf K-w Bonf 'Z::::'e‘: PERMANOVA | Bonferroni | PERMANOVA | Bonferroni
All metrics ’ 0 7 1 23 15 All metrics 19 19 17 16
(29.2%) (0%) (70.8%) (45.8%) (95.8%) (62.5%) (100%) (100%) (89.47%) (84.21%)
Diversity 6 0 12 10 13 9 Non- 16 16 14 13
metrics | (46.2%) | (0%) | (92,3%) | (76.9%) | (100%) | (69,2%) phylogenetic (100%) (100%) (87,5%) (81.25%)
metrics ! ’
Evenness 1 0 4 0 9 5 X
metrics (10%) (0%) (40%) (0%) (90%) (50%) Phylogenetic 3 3 3 3
metrics (100%) (100%) (100%) (100%)
Phy'°i9”etic (0‘3/) (0‘3/) (1020/) (10%)7) (1020/) (10%)7) Table 2. Number of beta diversity metrics significant comparisons according
metrics ? i i § i § to Time and Tissue analyses. In brackets the percentages of significant

metrics are reported. The metrics are considered all together and
subdivided into classes based on their specific strategy of measurement
based, or not based, on phylogenetic evolution.

V. DiscussioN

The microbiome studies, in all their forms, have reached
a huge number of items in public reference databases. Even
if the largest part of them is very well structured and
developed, in several cases the choice of metrics remains a
crucial point. Especially in the case of complex studies, the
real biological differences (if any) are hard to be highlighted.
Our case study shows how when biological differences are
not so strong, metrics can provide different statistical
outcomes. This could be due by different reasons both
biological (i.e. kind of samples, lab procedures...) and
statistical (i.e. experimental design, sample size, statistical
power...). In order to explore this scenario, we applied 24
alpha and 19 beta diversity metrics on the same sample set.
The final results provide a quite large variability in the
statistical significance, making the results interpretation
strictly dependent from the specific metric used. Our study
generally suggests, as expected, that when the biological
differences among the investigated groups are strong and
clear, each single diversity metric is able to statistically
confirm this difference. On the other hand, the use of a large
number of metrics, both correlated or not (as in the alpha
diversity metrics case), could be a key to avoid
misinterpretation of data. In particular, by choosing to
consider together those metrics that show correlation
(critically discussing them without selecting only those with
a significant result), evidences of similarities of differences
among conditions would be strengthen (by avoiding the p-
hacking problem [20]). Whereas, by considering no
correlated metrics, it is possible to explore different aspects
of richness and evenness that otherwise would be neglected.
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