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Ionizer A Ionizer B

Device 

characteristics

Good electrical stability

High NAI

High ozone

High electrical stability

High NAI

Very low ozone

Test in vitro

(RT and RefT)

Good efficacy in the reduction of viability 

towards different microbial species

Efficacy of the ionization related to the 

microbial specie

Test on foods

(RefT)

Intermittent working mode

Strong oxidation phenomena on foods

Continuous working mode

No perceivable oxidation phenomena

Example:

Lettuce, after 4 

days of treatment
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USE OF IONIZATION TECHNOLOGY TO CONTROL MICROBIAL 

CONTAMINATION IN FOOD STORAGE EQUIPMENT

Application of air ionizers inside

domestic refrigerator for improving

preservation of fruits and vegetables

AIMS

Food waste and food quality represent two

worldwide challenges, especially in the context

of domestic consumption.

The aims of this project are to improve food

freshness and to reduce waste by keeping

control of microbial spoilage and quality loss

through the application of air ionization

technology inside domestic refrigerators.

To achieve this purposes, the evaluation of the

hygienic status and the assessment of the

physico-chemical properties of foods after the

exposition to ionization are evaluated.

APPLICATIONS

Air ionizers can be applied inside a domestic

refrigerator to improve the storage of fruits and

vegetables increasing the period of shelf-life. By

enhancing the quality and the freshness of the

foods, the consumers would be encouraged to

consume them reducing the wastes.

The effect of two different ionizers have been

evaluated independently on representative

microbial species (Listeria monocytogenes 284

and Pseudomonas fluorescens L22) at room

(RT*) and refrigeration (RefT**) temperatures

and on foods (lettuce, mushroom, tomato,

zucchini, strawberry and blueberry) at RefT**.

RESULTS

Both ionizers showed to have an effect in the

decrease of microbial load, but the entity of the

reduction was depended on the device. Ionizer

A caused higher microbial reductions on either

microorganisms, due to the levels of ozone

generated (Fig. 1). Ionizer B, which effect was

done by NAI alone, was effective only on L.

monocytogenes 284 (Fig. 2). The results were

reversed in the case of food treatment (Table 1).

The amount of ozone generated by ionizer A

was too high, resulting in evident oxidation

phenomena, especially in the case of lettuce,

even if it was used in an intermittent mode. In

addition, TBC grew over time, probably because

ozone damaged food tissue causing the release

of nutrients. Ionizer B, instead, did not cause

important visible oxidations maintaining the TBC

stable over 4 days. However, more

investigations should be done to understand the

effect of the ionization treatment also on the

physico-chemical properties of foods.
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Ionizer A (1x106 – 5x106 NAI cm-3; 2.08 ± 0.17 mgO3 h-1)
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Ionizer B (8x106 – 2x107 NAI cm-3; 0.01 ± 0.00 mgO3 h-1)

*22.6 °C ± 0.9 °C; 96 %RH ± 3 %RH

**5.3 °C ± 0.6 °C; 97 %RH ± 1 %RH
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Evaluation of hygienic status: mesophilic and psychrotrophic TBC

Evaluation of acceptability: visual observation of the food samples

Fig. 1. Effect of ionizer A at RT and RefT on L. monocytogenes 284 and Ps.

fluorescens L22

Table 1. Comparison of the effects of

ionizers A and B on in vitro and food tests

Fig. 2. Effect of ionizer B at RT and RefT on L. monocytogenes 284 and Ps.

fluorescens L22



Observations of the plants at phenotype

level (A and C) show a smaller

dimension in the Atcals7ko line

compared to wild type. Both lines show

evident symptoms following

phytoplasma infection. No differences

in phytoplasma titres were found in

both Arabidopsis line.
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Confocal images indicate drastic

changes in symplastic communication in

the tissues of the mutant line, as an

attempt of the plant to reduce the

osmotic shock imposed by the sugar

translocation impairment. Following

phytoplasma infection, and probably

under sugar signalling, communication

among cells is further reduced, to block

phytoplasma effector spread from the

sieve elements to the distal tissues.

A B

C D

CALLOSE RESPONSE TO PHYTOPLASMA INFECTION: PHLOEM 

PLUGGING OR SOMETHING MORE?

Callose is accumulated in plant tissues as a mechanical response to face pathogens

and injuries, but its role is not only confined to a mechanical response. 

Phloem
plugging

Sugars

Defense

Phytoplasma
infection

Callose

APPLICATIONS
Phytoplasmas are pathogens affecting several economically-

relevant crops and fruit trees (as apple or grapevine). The

understanding of the mechanisms on which the defense

processes are based, could provide important information to

improve new strategies to control the infection level in the

field. Actually, no effective treatments are able to limit

phytoplasma, in exception of the precautionary techniques

aimed to limit the spread of the pathogen. The knowledge on

the natural bases of the defense will help to set-up

environmental-friendly treatments.

RESULTS
Callose and sugar involvement in the response of plant against

pathogens has been object of great interest (Bolton et al.,

2009; Leuven et al., 2012; Rojas et al., 2014; Fatima and

Senthil-Kumar, 2015; Dodds and Lagudah, 2016; Lee et al.,

2016), because they are involved in several signaling

processes (Lecourieux et al., 2014) and contribute to plant

immune response, functioning as priming molecules for the

rapid activation of defense against biotic and abiotic stresses

(Bolouri-Moghaddam and van Den Ende, 2012).

AIMS
In this work we investigated about the changes in callose

metabolism and sugar homeostasis during phytoplasma

infection, to highlight how and how much callose and

sugars are regulated during infection and involved in

plant immune response and signaling.
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The quantification of the

major sugars involved in the

defense signaling was taken

in consideration, revealing the

increase of their amount in

mutant line in case of

infection.
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Fig. G-J TEM analysis reveals the presence of the

callose at the sieve plates (SP) only in

Arabidopsis wild type line (A, B) and not in the

Atcals7ko mutant (C and D).

Stars = phytoplasmas, CC= companion cells, SE

= sieve element, arrow=callose collar. Bars

correspond to 1um.
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healthy infected

Fig. A-F Light microscopy analysis reveals phloem hypeplasia, in vein of both Arabidopsis lines following infection (B, D).

The lumen diameters in the Atcals7ko line is reduced. Star= phloem, triangle=xylem, bar= 25um
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Light (LM, Fig. A-D) and transmission electron microscopy (TEM, Fig. G-J) observations

reveal that the loss of callose at the site of phytoplasma infection causes aberrations in

the phloem morphology, in particular at the sieve plates (Fig. G-J). The aberrations

cause impairment in sugar translocation, as previously reported in Atcals7ko line

(Barratt et al., 2011).

healthy infected

Analyses at confocal microscope

reveal differences in the density and

intensity of callose deposits in wild

type plants compared to the mutant

line (Fig. E and F) .

Bars=50um

Arabidopsis thaliana wild-type and Atcals7ko,

a mutant line in which the gene encoding for

AtCALS7 was silenced (Barratt et al., 2011),

healthy or infected with Chrysanthemum

Yellows (CY)-phytoplasma, were compared at

morphological, transcriptomic and metabolic

levels. Results here presented demonstrated

that callose is not only a site-specific

mechanical defense against phytoplasmas,

but it is also part of a fine-tuned complex of

signals to limit the

damages related to

the infection.

Bar corresponds to 5cm
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AIR IMPINGEMENT THAWING FOR FOOD SERVICE

Food thawing by air impingement as an 

alternative to refrigerator thawing before 

frying in quick service restaurants

Food 
service

Thawing

Air 
impingement

Frying

AIMS:
Aim of the project was to develop and validate a

process of air impingement (AI) thawing for

professional food service. Specific targets were:

• Development of an AI thawing prototype

• Definition of thawing cycles (target 0 °C) by a

novel multiobjective optimization technique

• Comparison of the thawing performances of the

prototype, with those of conventional refrigerator

method (study case of chicken fingers)

• Validation of prototype thawing efficacy on

different food products (French fries, squid,

cod).

APPLICATIONS:

Quick service restaurants commonly purchase

frozen products and thaw them at need before

cooking. However, long thawing time associated

to refrigerator thawing (even more than 1 day) is

space consuming and might lead to large food

losses, depending on operators planning skills.

There is a need for a faster and easily

implementable thawing method, which does not

impair food quality after thawing and further

frying.

RESULTS: 

An efficient AI thawing prototype was developed

(fig. left). Additionally, nine AI thawing cycles

were selected minimizing thawing time, food

temperature and its unevenness. AI allowed

reduction of chicken fingers thawing time by 60-

85% compared to refrigerator but resulted in

similar thawing loss, WHC or firmness.

Moreover, an AI cycle, minimizing chicken

fingers temperature, showed promising results

in preserving fresh tissue structure (fig. below).

This cycle was applied before frying of chicken

fingers, to verify if structural improvement

affected frying performance. Mean values of fat

uptake and firmness resulted favourably slightly

lower. Thawing by AI and frying of French fries,

squid and cod confirmed a significant thawing

time reduction as compared to refrigerator while

showing comparable thawing loss, cooking loss,

firmness and fat uptake.

mailto:bozzato.arianna@spes.uniud.it
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Nuovi ingredienti e sottoprodotti per migliorare sostenibilità, 

produttività, benessere e qualità delle specie ittiche allevate.

Diete 
innovative

Alimentazione

Sostenibilità

Nuovi 
ingredienti

Benessere

OBIETTIVI:

• Caratterizzazione di nuovi ingredienti (insetti,

crostacei, microalghe e sottoprodotti della

macellazione degli avicoli) per la

progettazione di nuove formulazioni

mangimistiche

• Valutazione della riposta biologica delle tre

specie ittiche (Dicentrarchus labrax, Sparus

aurata e Oncorhynchus mykiss) a diete

contenenti gli ingredienti innovativi

AMBITO DI APPLICAZIONE:

La ricerca di nuovi fonti proteiche mira di ridurre

l’impatto sulla fauna ittica selvatica prelevata per

la produzione di farina di pesce e l’utilizzo di

materie prime vegetali in competizione con

l’alimentazione umana e con altri settori

zootecnici. Il progetto ha come scopo

l’incremento della sostenibilità dell’acquacoltura

intensiva di specie marine e dulciacquicole

(spigole, orate e trote) analizzando diversi

ingredienti sostenibili da inserire in nuove

formulazioni di diete innovative che permettano

migliorare, o perlomeno non alterare, le

performance di crescita, la qualità e il benessere

dei pesci allevati.

RISULTATI: 

Il fine del presente studio è stata la

caratterizzazione del valore nutrizionale degli

ingredienti innovativi presi in esame,

determinando la loro composizione

centesimale, degli elementi e il profilo degli

acidi grassi e degli aminoacidi. Quindi, è stata

determinata la digeribilità attraverso il metodo in

vivo ed in vitro, osservando una differenza

significativa tra i vari ingredienti.

Successivamente sono state formulate e

saggiate diete con diverse percentuali di

inclusione degli ingredienti test. Le prove

zootecniche e i parametri da esse derivanti

hanno permesso di stabilire la dieta più

performante. Per tutte e tre le specie in esame

(Dicentrarchus labrax, Sparus aurata e

Oncorhynchus mykiss) sono stati osservati i

migliori parametri zootecnici nei pesci alimentati

con diete inclusive di farine d’insetto e di

sottoprodotti della macellazione degli avicoli.
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Approccio multimodale per la gestione dei bambini trattati per tumore 

della fossa cranica posteriore

Il ruolo della valutazione neuropsicologica estesa e delle metodiche di

neuroimaging post-processing per lo studio dell’outcome cognitivo a lungo

termine nei bambini con tumore della fossa cranica posteriore

OBIETTIVI:
1) Studiare le funzioni neuropsicologiche e

linguistiche in bambini trattati nella Clinica

Pediatrica di Udine per tumore della fossa

cranica posteriore (PFT) attraverso specifiche

batterie multimodali età-dipendenti

2) Correlare la performance neurocognitiva con

il danno anatomico macro e microstruttutrale

cerebrale valutato in risonanza magnetica (RM)

rispettivamente con lo studio volumetrico e la

trattografia

AMBITO DI APPLICAZIONE: L’utilizzo di

scale multimodali come la NEPSY-II, la BVL 4-

12 e la WISC-IV consente di esplorare in modo

approfondito rispettivamente le funzioni

neuropsicologiche, il linguaggio e le abilità

cognitive nei bambini con tumore del sistema

nervoso centrale. Correlare precocemente il

danno anatomico cerebrale valutato in RM con

gli specifici deficit consente di comprendere

meglio le basi fisiopatologiche del danno

neurocognitivo, di attivare strategie per ridurre la

tossicità trattamento-dipendente migliorando

l’adattamento psico-sociale e qualità di vita dei

bambini.

RISULTATI: Nei 7 bambini con PFT arruolati

abbiamo individuato un deficit della memoria

immediata e ritardata, delle funzioni esecutive e

del linguaggio. Nello studio post-processing di

RM la dilatazione patologica dei ventricoli

laterali e la lesione del verme cerebellare sono

risultate associate alla compromissione

neuropsicologica (figura 2). La ricostruzione dei

fasci cerebellari ha mostrato come la ridotta

integrità del fascio parieto-ponto-cerebellare

correli con un minor quoziente intellettivo e

peggiori prestazioni della memoria. Un ridotto

volume del fascio spino-cerebellare correla

invece negativamente con l’esecuzione di

compiti manuali.

In conclusione l’estensione del danno cerebrale

macrostrutturale e la perdita della sostanza

bianca sono associate ad una performance

psicologica inferiore in bambini con PFT (figura

1 e 3). Tali dati preliminari sono importanti per

continuare a migliorare i protocolli terapeutici e

di follow-up dei piccoli pazienti e ridurne le

sequele mediche e neuropsicologiche a lungo

termine.

Figura 2

Figura 1

Figura 3
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NOVEL CATIONIC RUTHENIUM(II) COMPLEXES: 

SYNTHESIS AND CYTOTOXIC ACTIVITY TOWARD ANAPLASTIC 

THYROID CANCER CELLS
Denise Lovison, Lorenzo Allegri, Federica Baldan, Giuseppe 

Damante, Walter Baratta.

INTRODUCTION
Anaplastic thyroid cancer is a rare histotype of

thyroid tumor characterized by a dramatic poor

prognosis. The use of Doxorubicin and Cisplatin,

showed no relevant effects in term of patients

survival. For these reasons, the development of

new compounds showing anticancer activity is

still challenging. Transition metal complexes

have been extensively investigated in the last

decades as promising anticancer drugs, on

account of their ability to interact with

biomolecules through the metal or by

intercalation with the ligands. Alternatives to the

platinum derivatives are ruthenium complexes,

which have been investigated as efficient

anticancer drugs due to their low in vivo toxicity

and inhibition of the cancer cell growth.

DISCUSSION

Herein we report the synthesis of new cationic

carboxylate, thioacetate thiocyanate and

chloride complexes [RuX(CO)(dppb)(phen)]X (X

= anionic ligand) from the acetate precursor

[Ru(η1-OAc)(η2-OAc)(CO)(dppb)] (Eq.1).

RESULTS

In order to test the effects of these complexes

on cell viability in ATC cell lines, we performed

an MTT assay after different doses

administration of the compounds for 24, 48 and

72 h treatments. All tested compounds exhibited

a strong cell viability decrease at different doses

after 48 or 72 h treatment, showing a good

effectiveness even compared with Cisplatin

administration. Based on these data, we

calculated EC50 at 72 h and the values are

reported in Table 1. Interestingly, the pivalate 2

and thioacetate 3 reduce the cell viability at

significant lower concentrations as low as 0.21-

0.09 μM, more than twenty-times lower than

Cisplatin.

Complex

EC50 of SW1736 cells [µM]a EC50 of 8505C cells [µM]a

48 h 72 h 48 h 72 h

1 2.10 ± 0.41 1.24 ± 0.16 3.02 ± 0.21 2.40 ± 0.54

2 0.50 ± 0.08                        0.19 ± 0.04 1.35 ± 0.47 0.10 ± 0.02

3 0.33 ± 0.03 0.21 ± 0.06 0.50 ± 0.07 0.09 ± 0.03

4 3.10 ± 0.68 2.77 ± 0.25 2.20 ± 0.62 2.80 ± 0.28

5 2.83 ± 0.25 2.80 ± 0.45 2.85 ± 0.31 2.84 ± 0.15

Cisplatin 16.20 ± 2.75 6.40 ± 1.54 12.00 ± 3.48 5.20 ± 1.82Due to the presence of a trans phosphine, a

facile substitution of the OAc ligand is permitted.

As a matter of fact, 1 promptly reacts with alkali

carboxylate, thiocarboxylate, isothiocyanate and

chloride salts, affording the derivatives

[RuX(CO)(dppb)(phen)]Y, by displacement of

OAc (Scheme 1).

Table 1. EC50 (μM ± SD) of complexes 1-5 and Cisplatin in ATC cells.

To evaluate whether the cell viability decrease,

was due to apoptotic cell death, a Western blot

analysis of cleaved-PARP protein levels was

performed. We decided to test the carboxylate

and thioacetate ruthenium complexes 1-3

which show the lowest EC50 values. The cells

were treated with complexes 1-3 for 72 hours

and then we investigated the cleaved-PARP

levels increment, as a well-recognized marker

of apoptosis. All three tested complexes were

able to induce a strong increment of cleaved-

PARP levels in both ATC cell lines. The highest

increase was observed with the thioacetate

complex 3 administration (Figure 2).

Figure 3. Densitometric analysis of cleaved-PARP fraction levels obtained with Western Blot assay in ATC 

cells treated with 1-3 at the respective EC50 doses or vehicle (DMSO) for 72 h. For each cell line, the results 

were normalized against Actin and expressed as percentage over control. *P < 0.05, **P < 0.01, ***P < 

0.001, ****P < 0.0001 by Student’s t-test.

Scheme 1. Syntheses of complexes 2-5 from 1 by displacement of the coordinated acetate in MeOH at 60 °C.

(1)

Figure 1. High cytotoxicity

and antimetastatic properties

toward anaplastic thyroid

cancer is displayed by the

cationic ruthenium(II) 

complexes

[RuX(CO)(dppb)(phen)]Y (X 

= Y = OAc, OPiv, SAc, NCS; 

X = Cl, Y = PF6) easily

obtained from [Ru(η1-

OAc)(η2-OAc)(CO)(dppb)] 

with phen and substitution of 

the acetate ligand.
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NON-INVASIVE BIOMARKERS FOR THE PREDICTION OF DESEASE PROGRESSION IN 
METABOLIC ASSOCIATED FATTY LIVER

BACKGROUND:
Metabolic associated fatty liver disease (MAFLD), also known as non-alcoholic fatty liver disease (NAFLD),
includes a large spectrum of disease severity, from simple steatosis (NAFL) to steatohepatitis (NASH), with a
potential progression to cirrhosis and hepatocellular carcinoma (HCC). During the last decades NAFLD has
become one of the leading causes of chronic liver disease worldwide, with a global prevalence of 25-40%.
A complex inter-organ cross-talk involving genetic, hormonal, and environmental factors plays a central role in
NAFLD pathogenesis and progression.
The lack of accurate non-invasive biomarkers useful in staging NAFLD and predicting evolutive disease is a
major clinical unmet need.
Strong evidence produced in the last years support the role of genetic predisposition in NAFLD and HCC
development; variants in gene involved in regulation of hepatic lipid metabolism, such as in PNPLA3, TM6SF2,
MBOAT7, and GCKR, are robustly associated with hepatic fat content (HFC) and progression of liver diseases.
More recently, Squamous Cell Carcinoma Antigen (SCCA)-IgM has been proposed as marker of cirrhosis and
HCC in patients with alcoholic or viral chronic liver disease.

PRSs

NON-
NON 

INVASIV
E 

BIOMAR
KERS

HCC

MAFLD/
NAFLD

SCCA-
IgM

AIMS:
The principal aim of the study was to investigate the association between serum concentration of SCCA-IgM and severity of liver disease in a cohort of patients with NAFLD.
Secondly, we examined the impact of a polygenic risk score of hepatic fat content (PRS-HFC), based on well-characterized risk variants, on NAFLD-HCC in a cross-
sectional cohort of at risk individuals (NAFLD cross-sectional cohort), and we tried to optimize it by adjustment for a protective variant in HSD17B13 (PRS-5); finally, we
identified the best diagnostic threshold.

MATERIAL AND METHODS:
The first cohort included 84 patients with histological diagnosis of NAFLD (39 with NAFL and 45 with NASH). Individuals with comorbidity known to be associated with
increase levels of SCCA-IgM were ruled-out. SCCA-IgM levels were measured by the ELISA assay HepaIC®. In the multicentric NAFLD cross-sectional cohort 1,699
patients (of whom 82 from our centre) with NAFLD at different stages of disease and 865 healthy controls were enrolled. Participants were genotyped (in duplicated by
TaqMan 5’-nuclease assays) for rs738409 (PNPLA3 I148M variant), rs58542926 (TM6SF2 E167K), rs641738 C>T variant at MBOAT7, rs1260326 (GCKR P446L), and
rs72613567 (HSD17B13:TA). Genetic risk variants were combined in PRS-HFC and then adjusted for HSD17B13 (PRS-5). Mendelian randomization analyses were used to
assess the causal role of genetic predisposition to NAFLD on HCC development. Diagnostic accuracy of polygenic scores was evaluated by ROC curves, and the best cut-
off was identified.

CONCLUSIONS:
In patients with NAFLD, SCCA-IgM levels were associated with the diagnosis of
NASH and histological severity of hepatic fibrosis . To the best of our knowledge,
the role SCCA-IgM in NAFLD has never been evaluated, therefore any accurate
cut-off is available in this clinical setting. Further prospective studies will be
crucial to confirm these findings.
In NAFLD cross-sectional cohort, our data are consistent with a causal
association between genetically determined hepatic fat and HCC development,
which was mainly - but not exclusively - mediated by predisposition to severe
fibrosis. High PRS had a quite good specificity (≈80%) for detection HCC, and
may be useful to stratify NAFLD-HCC risk and guide surveillance in patients with
metabolic risk factors for HCC, independently of fibrosis severity. The role of
PRS in NAFLD-HCC risk stratification should be evaluated in prospective
studies.
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RESULTS:
For the first part of the study 84 patients (39 with NAFLD and 45 with NASH)
were enlisted. Patients baseline characteristic are shown in Table 1. SCCA-IgM
levels were statistically significantly higher in patients with NASH than in those
with simple steatosis (31.0 ± 7.2 ua/mL vs 9.2 ± 1.8 ua/mL respectively; p=0.007,
Figure 1) and particularly in those with higher levels of fibrosis at the histological
level (p<0.05, figure 2). SCCA-IgM levels at linear correlation analysis correlate
with age (p <0.05), BMI (p=0.01), homocysteine (p=0.02), and histological degree
of fibrosis (SAF-F score, p < 0.05).
In the multicentric case-control cross sectional study 1,699 subjects with NAFLD
at different stage of disease and 865 controls were enrolled. Patients
characteristics are shown in Table 2. PRS were influenced by the severity of liver
disease, however while PRS-HFC increased progressively, PRS-5 was higher in
patients with severe fibrosis than in those with HCC.
Genetic risk variants confer an increase in the risk of HCC that is proportional to
the increase in the risk of NAFLD/MAFLD (p=0.02, Figure 4, B). Moreover, we
observed a direct relationship between the risk of NAFLD/MAFLD and severe
fibrosis, and between severe fibrosis and HCC. Using PRS in Mendelian
randomization, we showed that HFC was causally associated with HCC
independently of clinical variables (such as age, sex, T2D, or obesity) (p=1*10-5)
and partly also of severe fibrosis (p<0.05). The AUROC of PRS-HFC for HCC
diagnosis was 0.64. The best cut-off for the score was 0.532, with a 80%
specificity and 43% sensitivity. PRS-5 accuracy to detect HCC was similar, and
the best cut-off identifier was 0.495 (Figure 5). Finally, we demonstrated that
positive PRS-HFC tests improved the detection of HCC in individuals over 40
years (p=1.0*10-2) and in diabetic patients independently of severe fibrosis
(p=2.4*10-2) and PRS-5 predicted HCC risk also in non-obese subjects
(p=4.2*10-2) (Figure 6).
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0 2 4 6 0 2 4 6

Fibrosis F0-F2 3.3*10-2 1.2*10-2

Fibrosis F3-F4 8.2*10-2 2.3*10-2

Age ≥ 40 years 1.9*10-14 1.1*10-13

1.0*10-2 2.4*10-2

BMI <30 Kg/m2 2.0*10-8 7.2*10-9

9.7*10-2 4.2*10-2

BMI ≥30 Kg/m2 1.0*10-6 5.0*10-5

5.6*10-2 2.7*10-1

No T2D 1.1*10-7 5.3*10-7

2.5*10-1 3.7*10-1

T2D 2.1*10-4 3.2*10-4

2.4*10-2 3.2*10-2

OR, 95% CI OR, 95% CI
p-value p-value

PRS-HFC

Adjusted for severe fibrosis

PRS-5

Adjusted for severe fibrosis

No liver disease
(n=865, 33.7%)

NAFLD 
F0-F2

(n=1,176, 45.8%)

NAFLD 
F3-F4

(n=297, 11.6%)

NAFLD
HCC

(n=226, 8.9%) p value
Age 44 ± 6 42 ± 16 58 ± 14 69 ± 9 <.0001

Sex, M 455 (52.6) 677 (57.6) 171 (57.6) 178 (78.8) <.0001

T2D, yes 8 (0.9) 238 (20.2) 169 (56.9) 145 (64.2) <.0001

BMI, 
Kg/m2

25.3 ± 5.0 32.7 ± 8.6 30.7 ± 5.1 30.2 ± 5.6 <.0001

PRS-HFC 0.266 
(0.128-0.402)

0.392 
(0.130-0.522)

0.457
(0.329-0.631)

0.459 
(0.329-0.662) <.0001

PRS-5 0.233 
(0.065-0.394)

0.329 
(0.128-0.459)

0.421 
(0.256-0.597)

0.399 
(0.266-0.660) <.0001

NAFL (n=39) NASH (n=45) p
Age (years) 57.4±1.6 50.7±2.8 0.03
Weight (kg) 85.9±2.5 97.2±4.7 0.02
BMI (kg/m2) 29.1±0.6 34.9±1.7 0.001

Total Cholesterol 
(mg/dL) 200±5 222±8 0.02

LDL Cholesterol 
(mg/dL) 116±5 138±7 0.01

ALT (U/L) 39±2 31±4 0.05
AST/ALT 1.4±0.1 1.1±0.1 0.01

TSH  (mU/L) 1.4±0.1 2.2±0.2 0.001
SCCA-IgM

(ua/mL) 9.2±1.8 31.7±7.2 0.007

Table 1. Characteristics of NAFLD cohort

Figure 1. SCCA-IgM levels in patients with NAFL and NASH

Figure 2. 

Table 2. Characteristics of NAFLD cross-sectional 
cohort 

Figure 4. Mendelian randomization

Figure  6. Mendelian randomization

Figure  5. ROC Curve
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Technological interventions driving structural design for 

improving food functionalities

Formulation and process strategies to

create a new generation of food

products

FOOD 
DESIGN

Formulation

Structure

Process

AIMS/OBIETTIVI: 
The modern food system is called to create a

new generation of food products able to satisfy

not only consumer requirements, but also

socioeconomic and environmental trends. The

aim of this research activity was to design novel

food structures with enhanced technological and

nutritional functionalities. To this purpose,

different innovative formulation and processing

strategies were applied.

APPLICATIONS/AMBITO DI 

APPLICAZIONE: 

This PhD research activity proposes a robust

and effective method to develop food products

with the desired healthy, sustainable and

technological attributes. The “food design

approach” applied is an iterative process

consisting of the food optimization throughout its

design, development and production (Fig 1).

The proposed approach could be a useful tool

not only for the research hub, but also for food

industries.

RESULTS/RISULTATI: 

During the PhD activity, the proposed “food

design approach” allowed to:

 Design delivery systems for probiotic

bacteria. The ability of different biopolymers

and lipids to protect probiotics during

process, storage and in vitro digestion was

evaluated. Among all, monoglyceride-based

gels containing milk were the best performing

systems due to both their structural

organization and formulation that guarantee

physical protection and nutrients to probiotics

(Fig 2). These systems were used to develop

novel functional foods (i.e. ricotta cheese)

 Shape biopolymer functionality. The

potentialities of novel and green technologies

(high-pressure homogenisation, dense phase

CO2, pulsed electric fields) were used to

improve both technological and nutritional

functionalities of vegetable proteins and

starch. Biopolymers thereof obtained could

be used as novel ingredients for specific

technological applications or for target

population segments.

Functionality

Fig. 1 The «food design approach»

Fig. 2 Confocal laser scanning micrographs of monoglyceride-

based gel containing milk (Red: proteins; Green: lipid phase; 

Cyan: microorganisms) 
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IDENTIFICATION OF HISTOLOGICAL INDICATORS OF LARVAE AND JUVENILES

QUALITY IN MARINE FISH SPECIES

A novel Multiparametric Semi-
quantitative Scoring System for the
quality assessment in gilthead sea

bream and European sea bass larvae

AIMS
This PhD project is conducted within the

framework of the Horizon2020 PerformFISH

project, which aims at increasing the
sustainability and the competitiveness of

Mediterranean gilthead sea bream (Sparus

aurata) and European sea bass (Dicentrarchus
labrax) farming. The objective of this research is

to validate prognostic histological indicators of

larval/juvenile quality allowing to promptly
recognise health problems in a fish batch and

help farmers to solve critical limits in the

hatchery phase.

APPLICATIONS

In marine aquaculture, the hatchery phase still

represents one of the main bottlenecks; for this

reason, the interest of farmers and researchers

in identifying new methods to evaluate and

improve larval quality is high.The histological

tools and knowledge deriving from this research

can be effective for promptly recognize

problems in larval batches and provide farmers

with information about the impact of their

managerial practices. Moreover, they can act as

support both for hatcheries, as internal quality

control at different developmental stages, and

for on-growing farms for the control of incoming

fry.

GILLS (G)

LIVER (L)
ANTERIOR INTESTINE (AI)

POSTERIOR INTESTINE (PI)

PANCREAS & ADIPOSE TISSUE (PAT)

EXCRETORY SYSTEM (E)

1

2 3

4

5 6

7a 7b

This project has received funding from the European Union’s Horizon

2020 research and innovation programme under grant agreement No

727610.

Schmorl’s stain

RESULTS

An original 5 points Multiparametric Semi-
quantitative Scoring System (MSSS) was built.

It includes 18 descriptors belonging to 6 organ

districts (Fig.1). A weighted sum allows to obtain
a single Cumulative Histological Index (CHI)

that returns general information on larval batch

quality. The use of the MSSS on a large number
of samples from different EU hatcheries allowed

to identify histopathological lesions providing

farmers with useful information to detect
managerial issues, such as inadequate physico-

chemical water parameters (chloride cells

hyperplasia Fig.2; nephrocalcinosis Fig.3) or
problems in food management (inflammatory

lesions involving intestine, pancreas and

adipose tissue, Fig. 4,5). At the same time,
immunohistochemical and histochemical

investigations were conducted on supranuclear

vacuoles (Fig.7a,b) and crown like structures
(Fig.6).
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Biochemical, metabolic and molecular characterization of pear-apple

hybrids: PEARAPPLE-Omics.

AIMS

Apple and pear are economically important fruit crops well known for their unique

textures, flavours and nutritional qualities. Both genera are characterised by a specific

pattern of secondary metabolites, which directly affect not only the resistance or

susceptibility towards certain diseases, but also have significant impact on flavour and

nutritional value of the fruits. The similar chromosome number, genome size, their recent

divergence date, together with DNA-markers have led to the assumption that apple and

pear genomes are highly co-linear.

Since hybrids between apple and pear provide a unique germplasm resource for

genomic, transcriptomic and metabolic profiling studies, the main task of this project is to

understand whether putative apple-pear hybrids available from Edmund Mach

Foundation (FEM) (San Michele all’Adige (TN), IT), Plant & Food Research (PFR)

(Palmerston-North, NZ) and University of Bologna (UniBo), are true hybrids or not. This

research work is in cooperation with University of Udine.

This PhD project utilizes comparative genomic approaches; high resolution melting

(HRM) SNP analysis, simple sequence repeats (SSR) and single nucleotide

polymorphism (SNP) SNP-chip analysis to identify genetic differences among the

putative hybrids and its offspring. Furthermore, the PhD will describe the genus-specific

metabolite pattern and will assess the resistance or susceptibility to Fire Blight, Apple

Scab and Pear Scab in these plant materials. The use of genomics and other -omics

technologies (metabolomics, transcriptomics) will provide insight into the genetic

reorganization of the putative hybrids. In addition, it will enhance and accelerate the

breeding process for the development of crops with improved characteristics for both

producers and consumers, by introducing desired traits from the pear gene pool into

apple and vice versa.

APPLICATIONS

Leaves were sampled from two sources: the published hybrid ‘Zwintscher’s Hybrid’

(Fischer, et al. 2014) and its F2 progeny held at FEM, 32 putative apple-pear hybrids

obtained from crosses of ‘Cox’s Orange Pippin’ x ‘Old Home’ developed at PFR and

three putative hybrid plants developed at Unibo (one from crossing of ‘Abate’ x ‘Fuji’ and

two of ‘Decana’ x ‘Murray’).

For the SSR analysis of FEM samples, DNA was extracted from leaves of the four

available parental accessions in the pedigree of ‘Zwintscher’s Hybrid’ specified above, as

well as ‘Zwintscher’s Hybrid’ and the five putative F2 individuals using the NucleoSpin

Plant II® Macherey Nagel kit. The DNA quality and quantity was evaluated with the

NanoDrop™ 8000 Spectrophotometer (Thermo Scientific™). For the SSR analysis of PFR

samples and for HRM experiments for FEM and PFR plant material, DNA was extracted

from milled freeze-dried leaves using a modified cetyltrimethylammonium bromide

method (Doyle and Doyle, 1987; C. Kirk, pers. comm.). For SSR analysis of UniBo the

DNA was extracted from freeze-dried young leaf material using the DNeasy® Plant Mini

Kit (Qiagen, http://www.qiagen.com/). The DNA quality and quantity of the two later

extractions were evaluated with the Qubit® 2.0 Fluorometer (Invitrogen, Life Technologies

Corporation).

At least twenty-one published SSR markers (Liebhard, et al. 2002; Silfverberg-Dilworth,

et al. 2006; Yamamoto, et al. 2001; Yamamoto, et al. 2002 and Yamamoto, et al. 2007)

mapping to different chromosomes were selected to check the degree of relationship

between the hybrids and their parents. The SSRs data were analysed using GeneMarker,

GenAlex and Whichparents software.

Prior to metabolomics analysis, fresh leaf samples of FEM materials (500 mg), PFR

plants (500 mg) and UniBo in vitro plants (100 mg) were accurately weighed into a 15 mL

plastic tube and extracted with 80% methanol in a ratio of 1/40 (w/v) for 24 h at 4°C in the

dark, after which the resulting supernatant of each sample was filtered into UPLC vials

for analysis.

DNA content of ‘Zwintzscher's Hybrid, ‘Murray’, ‘Gala’, ‘André Desport’, ‘Abate’ x ‘Fuji’,

‘Decana’ x ‘Murray’ 1 and ‘Decana’ x ‘Murray’ 2 was measured according to Plant

Cytometry Services (Schijndel, The Netherlands).

Bioinformatics analysis to detect SNP variants unique to the apple or pear genomes,

respectively, was performed prior to designing HRM ‘apple/pear’ primers. The

LightCycler® 480 System was used to screen DNA samples that included ‘Cox’s Orange

Pippin’, ‘Old Home’, ‘Zwintscher’s Hybrid’, its parents and various mixtures, to determine

the efficiency of each primer. A set of 39 informative primers distributed along the

genome were identified and screened over 47 putative hybrids.

Figure 3: Metabolomics analysis. The three replicates of the putative hybrid from ‘Abate’ x ‘Fuji’ (AF) and

‘Zwintscher’s hybrid’ accumulated both genus-specific secondary metabolites phloridzin from Malus (A) and arbutin

from Pyrus (B), while the three replicates of two putative pear-apple hybrids from ‘Decana’ x ‘Murray’ (DM1, DM2)

accumulated only arbutin, and six apple-pear hybrids from ‘Cox’s Orange Pippin’ x ‘Old Home’ (CO 10-15)

accumulated only phloridzin.

Cultivar Mean DNA content [pg] ± SD

‘Zwintzscher's Hybrid’ 1.30 ± 0.01

‘Murray’ (apple) 1.54  ± 0.01

‘Gala’ (apple) in vitro 1.49 ± 0.01

‘André Desport’ (pear) 1,12 ± 0.01

‘Abate’ x ‘Fuji’ 1.29 ± 0.01

‘Decana’ x ‘Murray’ 1 1.19 ± 0.01

‘Decana’ x ‘Murray’ 2 1.20 ± 0.01

Table 1: Cellular DNA content.

Figure 1: HRM result showing melting peaks (A) and normalized melting curves (B). Both parents are homozygous for this

marker, the blue curve is apple, ‘Cox’s Orange Pippin’, and red curve is the pear parent, ‘Old Home’, while the green curves

represent the heterozygous nature of six apple-pear hybrids (CO 10-15) with double peaks in Figure 1A.

The ‘Abate’ x ‘Fuji’ hybrid was located between the two parents. Moreover, the result of

Whichparents analysis highlighted the presence of null alleles at five loci, probably due to

the inability of apple markers to determine the presence of pear allele. The genetic

results correlate with the metabolomics analysis, which confirmed that the putative hybrid

‘Abate’ x ‘Fuji’ and ‘Zwintscher’s Hybrid’ accumulate the genus-specific secondary

metabolite phloridzin from Malus (‘Cox’s Orange Pippin’ ) and arbutin from Pyrus

(‘Williams Christ’ and ‘Old Home’). The two putative pear-apple hybrids from ‘Decana’ x

‘Murray’ accumulated only arbutin, the 32 putative apple-pear hybrids from ‘Cox’s Orange

Pippin’ x ‘Old Home’ and the five ‘Zwintscher’s hybrid’ F2 progeny accumulated only

phoridzin (Figure 3).

Significant differences (p=0.0001) in absolute DNA content of the Malus and Pyrus

genotypes, as well as for the putative hybrids were found by flow cytometry. The DNA

content of apples ‘Gala’ and ‘Murray’ was on average 1.51 pg/2C in comparison with pear

cultivars at 1.12 pg/2C. The DNA content of ‘Zwintscher’s Hybrid’ and the ‘Abate’ x ‘Fuji’

hybrid was 1.30 pg/2C, which is intermediate between the DNA content of the Malus and

Pyrus parents. The two other putative hybrids (‘Decana’ x ‘Murray’ 1, ‘Decana’ x ‘Murray’

2) have a DNA content closer to pear (Table 1).

Our results suggest that the putative hybrid from ‘Abate’ x ‘Fuji’ is a true hybrid, as is

‘Zwintscher’s Hybrid’ (Fischer, et al. 2014).

This method can be used to identify apple/ pear hybrids and to use these in breeding to

develop novel crops by introducing desired traits from the pear gene pool into apple and

vice versa.

RESULTS

HRM analysis confirmed again that ‘Zwintscher’s Hybrid’ is a hybrid and also indicated

the 32 putative apple-pear hybrids from ‘Cox’s Orange Pippin’ x ‘Old Home’ apple-pear

hybrids were true hybrids, with 9-15 primers per genotype providing evidence for

hybridity. One to six primers per genotype provided evidence for hybridity of the five

‘Zwintscher’s Hybrid’ F2 progeny held at FEM. Figure 1 shows an exemplar HRM result,

where Melting Peaks and Normalized Melting Curves of both parents demonstrate

homozygosity, (blue: apple ‘Cox’s Orange Pippin’, red: pear ‘Old Home’). Green peaks

represent six of the 32 apple-pear hybrids as heterozygotes with double peaks.

The HRM results suggest that the apple and pear parents did not appear to contribute

equally to the genomes of the progenies of ‘Cox’s Orange Pippin’ and ‘Old Home’, unlike

the ’Zwintscher’s Hybrid’, where the parents did contribute equally to the hybrid genome.

This result was confrmed by SSR and metabolomics analysis (Figure 2A). Furthermore,

SSR analysis confirmed that the ‘Abate’ x ‘Fuji’ progeny and ‘Zwintscher’s Hybrid’ were

true hybrid, but the two from ‘Decana’ x ‘Murray’ and the five ‘Zwintscher’s Hybrid’ F2

progeny were not (Figure 2). As result of population assignment, the lower log-likelihood

value for the apple parents and grandparents (‘Fuji’, ‘Murray’, ‘Cox’s Orange Pippin’,

‘Kalco’) on the X axis indicates population 1 as the most likely for apple; a lower log-

likelihood value for pear parents and grandparents (‘Abate’, ‘Decana’, ‘Old Home’,

‘Williams Christ’ and ‘Andre` Desportes’) on the Y axis indicates population 2 as the most

likely for pear.

Figure 2: Population assignment of putative hybrids as deduced from the SSR marker analysis. Chart represents the positive log-

likelihood of assignment of each sample by GenAlex. The lower log-likelihood value for apple parents (‘Fuji’, ‘Murray’, ‘Cox’s Orange

Pippin’, ‘Kalco’) X axes indicates population 1 as the most likely for apple; a lower log-likelihood value for pear parents (‘Abate’, ‘Decana’,

‘Old Home’, ‘Williams Christ’ and ‘Andre` Desportes’) on Y axes indicates population 2 as the most likely for pear. The three replicates of

the putative hybrid from ‘Abate’ x ‘Fuji’ (AF) (A) and the ‘Zwintscher’s Hybrid’ (B) were located between the two parent groups, the three

replicates of two putative pear-apple hybrids from ‘Decana’ x ‘Murray’ (DM1, DM2) were located near pear (C),the five ‘Zwintscher’s

Hybrid’ F2 (F2) progeny were located near apple (B), and the 6 of 32 putative apple-pear hybrids from ‘Cox’s Orange Pippin’ x ‘Old Home’

(CO) were located near apple (D).
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Exploring the role of downy-mildew susceptibility genes in Vitis

by studying the genetic variation and the in-vivo function

DMR (Downy Mildew Resistant) and DLO (DMR-like Oxygenases) are 

susceptibility (S) genes to downy mildew (DM) in several herbaceous

plant species. 

Plasmopara 
viticola

S genes

Plant-
pathogen 

interaction

Vitis

Resistance

AIMS:
DM is one of the most widespread diseases in

viticulture, caused by the Oomycete Plasmopara

viticola. A groundbreaking research was

pursued in the discovery of DMR and DLO gene

roles in Vitis by pairing the genetic investigation

of natural mutants with the functional

characterization of the Vvdmr6.1 gene Knock

out. Aim of the project was to evaluate the

impact of natural and induced mutations in

VvDMR6.1 from a phenotypic point of view.

APPLICATIONS:

Since its emergence, many have been the

attempts to control DM in viticulture. In the last

decades, in order to avoid an ever-increasing

use of fungicides, many resistant varieties were

developed taking advantage of resistance (R)

loci, which are now showing to be easily

overcome by the pathogen in few years. Since S

genes don’t directly interact with pathogen

effectors, their inactivation brings to a broad-

spectrum resistance, which coupled with the use

of a lower amount of fungicides and/or R genes

could provide a stable level of protection against

DM.

RESULTS:

The integration of the results obtained from the

two lines of investigation allowed to draw a

broad framework which needs however further

investigation. The genetic study was able to

scavenge the presence of natural-occurring

mutations on S genes. Some of these mutations

likely impact on the protein function and in a few

cases the mutation was related to disease

resistance. This association needs however

further validation. The functional analysis of the

edited plants, highlighted that more members

of this gene family are functionally integrated in

response to DM. These results pave the way for

the exploitation of a new source of resistance to

DM in grapevine.
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Metabolomics as a tool for the assessment of agronomical 

parameters of Ribolla Gialla for the production of sparkling wine

AIMS:

Ribolla Gialla is an indigenous and an old white

grape variety mostly cultivated today in North-

Eastern Italy (in the Friuli Venezia Giulia region), in

Slovenia and on the Ionian Islands in Greece.

Despite the increasing area of cultivation with

Ribolla Gialla, there is little information about the

effects of cluster thinning used in the vineyard on

the quality of monovarietal sparkling wines. Using

the metabolomic approach during wine production

can therefore help to improve chemical and

sensorial characteristics of the aforementioned

wines.

METHODOLOGY:

The viticultural trial was carried throughout 2017-

2019 growing seasons in two commercial vineyards

in different DOC (Denominiazione di Origine

Controllata) districts (Corno di Rosazzo and

Casarsa della Delizia) in the Friuli Venezia Giulia

region in North-East Italy. The vines were divided

into two treatments in each vineyard site: no

thinning (U), and 20% thinning (T) at the veraison.

At the optimal phenological and technological

maturation, the grapes were harvested, crushed

and pressed, and all the musts obtained were

immediately inoculated with selected

Saccharomyces cerevisiae yeast. The sparkling

wines were produced by the Charmat method,

where the base wine is left to undergo a second

alcoholic fermentation in sealed autoclaves. By

using SPME-GC-MS/MS, and UHPLC-MS/MS

methods, the content of volatile compounds1, the

metabolites of aromatic amino acids2, and the

lipids3 were determined in the sparkling wines.

References:

1 S. Carlin, U. Vrhovsek, P. Franceschi, C. Lotti, L. Bontempo, et al.; Food Chem. 208 (2016) pp 68–80. 
2 P. Arapitsas, G. Guella, F. Mattivi; Sci. Rep. 8 (2018) pp 1–13.
3 A. Della Corte, G. Chitarrini, I.M. Di Gangi, D. Masuero, E. Soini, F. Mattivi, U. Vrhovsek; Talanta. 140 

(2015) pp 52–61.

In the data obtained, a strong vintage effect initially

emerged after PCA analysis, which was

subsequently normalized to the standard deviation

1 and the mean 0 (z-scale) in order to facilitate the

examination of grape yield reduction impact.

a) b)

Percentual change in the concentration of

tryptophan metabolites (a) and lipids (b) in

the thinning treatment (T) compared to the

control (U) as an average of three years

and two locations. Green to red hues

represent changes in concentration from

more negative to more positive.

RESULTS:

Log2 fold change analysis represents the logarithm of the average concentrations of volatile compounds in

sparkling wines, comparing the effect of cluster thinning respect to control. Positive numbers indicate that the

concentration in the treated samples is increasing while negative numbers indicate the opposite. The different

colors in the histogram represent a positive (green) or negative (red) contribution to the wine's aroma.

methionol

trans-2-hexanol

cis-3-hexanol

methyl caproate

alpha-terpineol

anctinidiol (isomer 1)

anctinidiol (isomer 2)

hexanal

2,3-butanediol (isomer 2)

2,3-butanediol (isomer 1)

It was observed that the concentration of alpha-

terpineol, an important monoterpene that is

characterized as “floral” feature in wines, was

increased in the treated samples. However this

represents one of the few positive contributors to

the flavor profile in sparkling wines, while

compounds such as methionol, trans-2-hexanol and

cis-3-hexanol represent less pleasant aromas, as

they are described using sensory descriptors

respectively as "burnt milk", “fat" and, "astringent".

CONCLUSIONS:

The cluster thinning showed a minimal positive

effect on the volatile composition of the wines

produced and a positive effect related to the

concentration of aromatic amino acid metabolites,

which means a reduced likelihood of atypical aroma

formation in the later stages of wine aging.

Moreover, the cluster thinning had also limited

effect on the presence of the lipids, considering

their contribution to the wine aroma complexity.
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MOUNTAIN PRODUCTS AND ECOSYSTEM SERVICES: 

ASSESSMENT METHODS AND ENHANCEMENTS STRATEGIES

The added value of mountain products

Sustainability

Small-
scale 
farms

Animal
welfare 

Dairy
product

Biodiversity

AIMS: 
The gradual abandonment of traditional

activities and the difficulties faced in promoting

local productions, are challenging mountain

cultural and natural heritage.

This study aims to identify and quantify

ecosystem services in mountain dairy farms in

Easter Alps (Veneto, Trentino Alto Adige, Friuli

Venezia Giulia and Carinthia), in order to add a

hidden value into a broader food quality

concept.

METHODS: 

Seventy-five dairy cattle farms conferring milk to

10 cooperative dairies were sampled.

The following methodological approaches were

applied:

- environmental footprint (Life Cycle

Assessment, LCA);

- animal welfare (animal-based measures -

ABM- assessed complying with the EFSA

adapted protocol on small-scale dairy farms);

- biodiversity (analysis of species in the

grasslands managed by each farm).

Correlations among the different indicators were

tested to analyze synergies and trade-offs in a

multi-indicators approach.

RESULTS: 

- The impact categories calculated with LCA

approach evidenced that the traditional

managing using pasture and summer farms,

do not worsen the environmental footprint

indicators but greater milk productivity

resulted in a lower impact per unit of milk.

- Quartiles were identified for all ABM in order

to suggest critical/achievable levels of animal

welfare. Good performance was found for

what concern body condition score,

cleanliness and clinical indicators such as

nasal discharge.

- The results highlights a decrease in species

richness and phytosociological classes

botanical composition due to the increase

milk production and forage self-sufficiency.

The innovative approach allows not only to

support the high-quality value of the mountain

products but to improve the external quality

attributes by adopting effective communication

strategies and meeting consumer decision.
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OVEREXPRESSION AND ANALYSIS OF THE MOLECULAR 

TARGET OF APPLE PROLIFERATION PHYTOPLASMA EFFECTOR

A study on Apple Proliferation (AP) 

phytoplasma ‘Candidatus phytoplasma 

mali’ (Ca. P. mali’) effector target genes

OVEREXPRESSION

AP

EFFECTOR

Malus

TCP

AIMS
The genome analysis of different strains of ‘Ca.

P. mali’, causal agent of AP, revealed the

presence of one effector, SAP11CaPM, which has

been observed to bind and deactivate at least

two apple CIN-class II TCP transcription factors.

Goal of this work was to induce a stable

overexpression of a target gene in apple to shed

light on the role of this gene in the apple

physiology and in the development of the

disease. Moreover, the sequences of the target

genes from susceptible and resistant Malus

have been compared to elucidate the role of

SAP11CaPM and its targets in AP tolerance.

APPLICATIONS

AP is a severe disease widespread in apple-

growing areas in Europe. Typical symptoms

comprise foliar reddening, shoot proliferation,

small leaves with altered shape and undersized,

tasteless and colorless fruits. There is no

treatment except uprooting diseased trees and

controlling the vector insects through pests.

Tolerance to AP was observed in some

experimental rootstocks but the physiological

and molecular basis of the resistance are mostly

unknown.

A deeper understanding of these phenomena

would help develop environmentally sustainable

ways to control the disease.

RESULTS

Interestingly, some rare amino acid

substitutions exclusively present in one of the

target genes of AP tolerant Malus x domestica

could be observed. After the sequencing of

other AP-tolerant plants it was found that 13 out

of 15 plants carry the same mutations, thus

indicating a potential role of these mutations as

marker of tolerance. A direct role of these

alleles in the tolerant behavior was investigated

but didn’t provided conclusive results yet.

In the graph below, the expression levels of the

gene of interest in 4 transgenic lines compared

to the Wild Type are displayed.

As visible in the picture below, overexpressing

plants display loss of apical dominance, smaller

leaves and shorter stem compared to the Wild

Type in the first 6 months after acclimation; the

plants have now been infected with the

phytoplasma and an extensive analysis of their

expression is being carried out.
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GLIAL FIBRILLARY ACIDIC PROTEIN AS A PREDICTIVE MARKER OF 

CHILD’S NEURODEVELOPMENT AFTER CARDIAC SURGERY

Circulating GFAP >0.44 ng/mL during cardiac 

surgery resulted in being a significant marker 

of acute neurological injury, since it was 

associated to abnormal neurodevelopmental 

assessment at 4-8 years of age, even in the 

presence of a normal IQ

Neurological
development

GFAP

Cardiac
surgery 

Congenital
heart

disease

Children

AIMS
Adverse neurodevelopmental outcome is

frequent in children with congenital heart

disease (CHD).

The underlying cause is due to multiple factors,

both preventable and not. Research need to

focus on the potential onset of brain injury

during and after cardiac surgery.

The aim of the study is to identify a reliable

biomarker of brain injury, which can predict

neurodevelopmental anomalies in infants with

congenital heart disease undergoing surgical

repair.

APPLICATIONS

Neurodevelopmental disorder in children with

CHD may involve multiple domains and

abnormalities discovered in early infancy may

persist into childhood with a global reduction of

quality of life.

An increasing number of studies analyzed the

GFAP blood values during and after surgery in

children with CHD, but only a few have

investigated its potential role in predicting any

adverse neurodevelopmental outcome.

Neurological development was assessed at 4-8

years of age using tests and questionnaires to

assess cognitive, neuropsychological, and

psychopathological functioning.

RESULTS:

We enrolled 38 patients. Mean GFAP peak

value was 1.42 ± 1.69 ng/mL (median of 0.95

ng/mL, IQR 0.44-1.57) and 70% of children

showed pathological GFAP peak value (i.e.

greater than 0.44 ng/mL).

IQ scores fell within the normal range for most

subjects, whereas 58% of them showed an

abnormal NDI, with the greatest impairments in

the psychopathological area.

GFAP >0.44 ng/ml showed a sensitivity of

90.9% and a specificity of 56.3% to detect an

abnormal NDI.

Regression analysis showed that GFAP max

>0.44 ng/mL was the only independent

predictor of an abnormal NDI (OR: 12.8; 95% CI

2.2-74.5).

Surgical phases characterized by body

temperature changes seem to be the most

dangerous for developing an acute neurological

injury.
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New Methodology for Efficient Process Parameters Optimization 
in Selective Laser Melting

A Novel Algorithmic Approach for SLM Process Optimization Based on Optical Metrology

INTRODUCTION:
Selective laser melting (SLM) is a powder bed
additive manufacturing technology that enables
the production layer-by-layer of complex metal
components with high mechanical performance.
In recent years, this technique is starting to be
adopted for production of end-use parts,
addressing high quality requirements.
Optimization of process parameters is one of
the ways to achieve desired quality of a final
product. However, the currently available
process optimization methodologies take long
time and there is a lack of standards.

APPLICATIONS:
Nowadays, SLM technology covers a wide
range of alloys used in a variety of industries,
including aerospace, automotive, dental,
jewelry, oil and gas, orthopedics and tooling.

RESULTS:

AIM:
The aim of this work is to develop a fast, reliable
and objective process optimization technique
that can be employed in adaptive production
strategies and in parameters selection for new
materials.

Additive Manufacturing Readiness Level

SLMed Single Tracks (ST)

ST Surface Topography 
Acquisition
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ST Classification

ST Process Window

SLMed 3D Benchmarks

Benchmarks Characterization 
and Computation of Quality 
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Haptic and audio interfaces for professional appliances

Design and evaluation of auditory, 

tactile and force feedback rendering 

technologies 

Human-
machine 

interaction

Tactile
feedback 

Auditory
feedback 

Robust
interaction

Force 
feedback 

AIMS
Touch screens are the mostly used user-

machine interface of our daily life. Whereas they

provide a visual representation of physical

controls (e.g. buttons, sliders, knobs), they do

not provide realistic tactile and auditory

feedback when they are manipulated. This

research aims to investigate tactile and auditory

properties of physical controls over neutral

surfaces, and to evaluate the effects of multi-

modal feedback on the user-machine interaction

through human-in-the-middle experiments.

APPLICATIONS

The outcomes of this research can be employed

in several contexts; in general, rich multimodal

feedback can be used to improve the quality of

the user-machine interaction in consumer

products like domestic appliances and multi-

media controllers. In the specific case of

professional appliances and industrial controls,

such feedback can improve the reliability and

consistency of the user-machine interaction

resulting in safer work environments.

RESULTS

This research resulted in two main results: the

experiments with humans contribute to the basic

research on multisensory perception, in particular

concerning the integration of auditory and tactile

feedback. In fact, the experiments demonstrated

the human ability to classify virtual buttons

rendering different material even if using degraded

auditory and tactile feedback, with higher

classification scores associated with bimodal

feedback[1]. In parallel, these results were used to

develop technological demonstrators consisting of

touchscreens able to render rich tactile feedback

based on pressing force dynamics[2]. A second

research line dealt with the development and

assessment of a low-cost programmable force

feedback knob able to render different tactile

effects like barriers, detents or variable torque[3].

Load cell

Piezo

REFERENCES
[1] De Pra, Y.et al. 2020. “Does It Ping or Pong? Auditory and Tactile 
Classification of Materials by Bouncing Events” ACM Trans. Appl. Percept.
[2] De Pra, Y. et al. 2020. “Tactile discrimination of material properties: 
application to virtual buttons for professional appliances”.  J. Multimodal 
User Interfaces.
[3] De Pra, Y. et al. 2020. “A low-cost endless knob controller with pro-
grammable resistive force feedback for multimedia production”. SMC 2020



Dott. Ing. Alberto De Zan

Prof. Ing. Alberto Felice De Toni

CORSO DI DOTTORATO DI RICERCA IN: 

Ingegneria Industriale e dell'Informazione

Tel +39 0432 558043

Email : dezan.alberto@spes.uniud.it

ALLINEAMENTO DELLE RELAZIONI NEL 

CUSTOMER RELATIONSHIP MANAGEMENT

Sviluppo e applicazione di una metodologia di analisi delle relazioni 

con il mercato in un’ottica di allineamento del valore

OBIETTIVI

Oggigiorno, le organizzazioni operano in mercati sempre

più competitivi e complessi, dove il passaggio ad una

prospettiva «duale» che tenga conto dei contributi

dell’organizzazione e del cliente alla “relazione” risulta

chiave ai fini della massimizzazione del valore ricavato e

dello sviluppo di relazioni stabili e di lungo periodo

(Fournier e Avery, 2011; Park e Kim, 2003).

L’obiettivo della ricerca è quello di sviluppare e testare una

metodologia volta all’analisi delle relazioni tramite una

doppia prospettiva che, attraverso un approccio

quantitativo e misurabile, allinei il valore ricavato da e

verso ogni relazione.

AMBITO DI APPLICAZIONE

La metodologia è pensata per una sua applicazione nei contesti delle organizzazioni Business to Business (B2B), in

particolar modo come supporto alla gestione strategica, tattica e operativa del parco clienti da parte della direzione

aziendale e commerciale. Il contesto B2B risulta adatto alla metodologia in quanto caratterizzato da un numero contenuto

di clienti, dalla struttura e distribuzione del potere e dalla complessità del processo di vendita, caratteristiche che rendono

particolarmente importante la corretta gestione delle singole relazioni al fine massimizzare il ritorno sull’investimento.

RISULTATI

Il lavoro di ricerca ha permesso di sviluppare e testare sul campo la metodologia di assessment

dell’allineamento delle relazioni. Tramite lo sviluppo di un modello di calcolo volto a definire

quantitativamente il “value to customer” e il “value to firm” è stato possibile posizionare ogni cliente, e quindi

ogni relazione, all’interno della matrice e verificarne l’allineamento. Successivamente, tramite una survey, è

stato possibile verificare il livello di soddisfazione dei clienti. Infine si sono analizzate le performance

commerciali in funzione dell’allineamento della relazione e della Customer Satisfaction evidenziando come, a

parità di valore ricavato dalla relazione, i clienti sotto la diagonale abbiano livelli di performance commerciali

inferiori rispetto alle relazioni posizionate al di sopra della diagonale. L’applicazione del modello ha quindi

evidenziato come un corretto allineamento del valore sia fondamentale per costruire relazioni proficue e di

lungo periodo.
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Value to Firm
Rappresenta il valore percepito da 

parte dell’azienda nei confronti della 

relazione col cliente.

Value to Firm 

(VtF)

Value to Customer

(VtC)

Customer Satisfaction 

(CS)

Customer 

Performance = 

f(VtF, VtC, CS)

Relationship Alignment Framework

Value to Customer
Rappresenta il valore percepito da 

parte del cliente nei confronti della 

relazione col fornitore.

Modello di analisi

Value to Customer e 

Performance 

Commerciali

Value to Customer e 

Customer Satisfaction

Customer Satisfaction e 

Performance 

Commerciali

Customer Performance = 

f(VtF, VtC, CS)
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Alto VtC // Basso VtF

Ottima Customer Satisfaction e 

Performance Commerciali. Tali Performance 

non sono sufficienti a ripagare il costo

dell’ investimento.

lo
w

Alto VtC // Alto VtF

Buona Customer Satisfaction e 

Performance Commerciali. Tali performance 

ripagano il costo dell’investimento dato l’alto 

livello di valore della relazione. 

Basso VtC // Basso VtF

Sono relazioni sporadiche o 

destinate a cessare, in cui sia 

l’azienda che il cliente non 

sembrano intenzionati a investire.

Basso VtC // Alto VtF
Basso livello di Customer Satisfaction e 

Performance Commerciali. Relazioni 

attualmente «win» per l’azienda, ma 

poco promettenti sul lungo periodo.   

Adattato da: Shapiro et al. (1987), Park e Kim (2003), Kumar e Reinartz (2018)
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Models for potentiometric biosensors and bioactuators 

Modeling and understanding ionic actuation 

and ion-sensitive properties of surfaces and 

polimeric membranes

AIMS:
My PhD focused on two main research areas. The first

part is devoted to the development of models

applicable to potentiometric biosensors. Here, we

converted transistors into miniaturized and portable

biosensor devices, for low-cost, low-power and CMOS

compatible biosensing units, pushing at the edge of

bioelectronics capabilities. In the second part we

employed our models to understand new generation

ionic pumps, studying conductive polymers, as a

promising material for iontronics development.

APPLICATIONS: 

Biosensors and, recently, bioactuators are witnessing 

increasing attention in the research and development 

areas. In the Internet of Medical Things vision the 

number of portable and connected devices are 

estimated to grow exponentially. To this help, 

knowledge and understanding provided by theoretical 

models become essential tools to support 

development and design optimization.

RESULTS:

In my PhD, we developed a new approach to 

account for an arbitrary number of surface 

reactions at the sensing layer of ISFETs, by 

solving coupled electrochemical problems in 

steady state. Further studies on the 

binding/unbinding fluctuations later led us to a 

new theoretical model of the spectrally resolved 

chemical noise. This theory is also able to 

generate equivalent circuits to be used in 

SPICE or compact models. In parallel, we 

worked on steady state models of biosensors 

based on polymeric membranes and showed 

how to improve sensitivity and cross-sensitivity. 

Small modifications to our models then opened 

the possibility of modeling ion emitters, 

employing membranes or more promising 

materials such conductive polymers.

Example of ion-sensitive field effect transistor (ISFET)
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Generic sensing platform. The core of our models is the sensing layer, 

that can be a metal oxide, biological functionalization, ion-selective 

membrane, etc.

Ionic emitters principle. The voltage at the metal contact produces an ion 

flux to the sample, containing the biological entity to be stimulated (e.g. 

neurons, cells, etc.).

Left: generic model for arbitrary binding of multiple ions on ligands. Right: 

threshold voltage shift in ISFET due to pH change; the comparison is 

between device model (TCAD), circuit model (Spectre) and experiments 

provided in the framework of Convergence project.

Sketch of our chemical 

noise model. The approach 

is generic and able to 

describe the surface 

charge fluctuations due to 

binding/unbinding 

processes using the 

master equation or 

equivalent circuits.
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A DYNAMICAL SYSTEM APPROACH FOR PATTERN RECOGNITION 

AND IMAGE ANALYSIS IN BIOMETRICS AND PHYTOPATHOLOGY

The project deals with the development and

experimentation of algorithms based on the dynamical

systems theory for the analysis and processing of

multimedia signals. As a result, a study on unified methods

for image-based biometric security and phytopathology

has been carried out with excellent results, in which the

proposed methods rely on recursive algorithms based on

monotone dynamical systems whose evolution depends

on the input matrix representing the image to be analysed.

Abstract

The research leading to these results has been supported in part by the European

Commission through the European Commission’s S3 Operation (ESF/2014-2020 Axis 3)

within the HEaD Project (Funding Channel 1420AFPLO1) under Grant 1619942002.

Acknowledgement

The results achieved using the proposed unified methods

are very encouraging, equating state-of-the-art techniques

in their respective applications. Furthermore, these

systems have the potential to be used in several different

applications as well.

Results

The study has been successfully applied to address the

challenging problems in vascular biometrics in very high

security applications. Experimental results demonstrate

that the proposed system is able to recognise a subject

with ease even if the samples are highly affected by noise.

Furthermore, it has been proposed a method to

successfully detect spot-based grape diseases caused

by pathogenic fungi such as black rot, isariopsis leaf

spot, and black measles. The algorithm makes use of a

positive linear dynamical system that, given an input

leaf image, recursively tries to expand the disease if

one of the mentioned pathogens is present.

Applications
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Examples of vascular biometric traits
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DEVELOPMENT OF PARTICLE REINFORCED METAL MATRIX 

COMPOSITE MATERIALS FOR SELECTIVE LASER MELTING 

APPLICATIONS
Investigation of TiC/MS1 (maraging steel 300) and VC/MS1 composites: bulk-

powder preparation, reinforcing contents and 

SLM parameter optimization

AIMS:
Todays high performance applications in the

aerospace, rocket and nuclear industry are

striving to get ever-increased material properties.

These advanced materials are precisely tailored

for a specific application. Mechanical alloying

(MA) and selective laser melting (3D printing) are

promising tools to manufacture such advanced

materials. Maraging steel is commonly used in

afore mentioned industries, but its limited wear

resistance and hardness sometimes prevents its

usage. The aim of this thesis work was the

improvement of the material properties of

maraging steel MS1 through reinforcing micron,

sub-micron and nano-particles.

APPLICATIONS:
In traditional manufacturing methods, the usage of

MMCs is limited due to geometrical limitations.

High energy ball milling, a non-equilibrium powder

processing technique, has proven its capabilities

in recent years. Combined with SLM, which is an

additive manufacturing technology, MMCs can be

produced in any desired shape and therefore, the

materials can be used for engineering

applications. Especially dies for the forging

process are often limited to approximately 1500

cycles. Through materials with a higher stress and

wear resistance, their lifetime can be increased.

RESULTS:
It was discovered that the bulk powder processing

significantly influences the results. The common

method of mechanical mixing did not lead to

satisfying results. However, mechanical alloying

was able to embed the carbide composite material

into the MS1 matrix and form coalescences.

Through optimized milling parameters it was

possible to prepare the powder for SLM

processing and to produce specimens to

investigate the mechanical properties of the MMC.

The hardness was increased by 66.97 % for

MS1/TiC and 33.03 % for MS1/VC. Through MA

the particle size distribution was influenced, and

the hard carbides were cracked. Because of the

refinement, the titanium / vanadium carbides

dissolved and precipitated and there were phase

formations of the composite and the matrix

material discovered. These precipitations then

acted as starting points for nucleation and

therefore, a grain refinement was discovered.
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MODELING AND OPTIMIZATION OF AVALANCHE PHOTODIODES

FOR X-RAY DETECTION

Development of a suite of simulation

tools for the study of the figures of merit

of detectors based on III-V compound 

semiconductors heterostructures

AIMS: 
Avalanche Photodiodes (APDs) are electronic devices,

employed in synchrotron experiments and optical fiber

communications, that translate a photon flux into a current.

Intrinsic amplification of this current is achieved thanks to

the Impact Ionization mechanism.

The figures of merit of APDs are:

• Dark Current  current when there is no light.

• Photo-generated current.

• Gain  ratio between current at the terminals and

photo-generated current.

• Noise.

• Bandwidth  maximum frequency of operation.

The aim of this work is the development of a set of

simulation tools to study the trade-offs between the figures

of merit at the basis of APDs’ design.

APPLICATIONS: 

We focus on the use of APDs for the detection of X-rays.

We want low noise and high gain but also high photon

absorption.

• III-V compound semiconductors achieve good absorption

for X-Rays, but…

• In III-V compound semiconductors it is hard to achieve

low noise, since electrons and holes have similar impact

ionization probabilities.

The solution is presented by Staircase APDs, that are

structures based on heterojunctions between III-V

semiconductors and their alloys with a metal.

RESULTS:
Three different simulators have been developed:

1. A finite difference Nonlocal History Dependent II model

(EBHDM-FD), to study staircase APDs at a

macroscopic level and over long time scales (DC

behavior).

2. A Full Band Monte Carlo simulator (FBMC) to study

impact ionization at a microscopic level, suitable for

short devices and short time scales.

3. A Random Path Length (RPL) algorithm, that uses a

macroscopic description of impact ionization, but

describes carriers’ motion in a more accurate fashion.
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Representation of

the model to use

according to the

feature size and time

scale to analyze.

The EBHDM-FD (1)

correctly reproduces

the experiments for

the noise vs. gain

curve of the staitrcase

APD fabricated by the

IOM-CNR (Trieste).

The FBMC (2) correctly reproduces the experiments for

thin APDs in GaAs from the literature [P. Yuan et al, IEEE

T-ED 46(8), 1999].

The impact ionization probability of electrons is enhanced

by the extra kinetic energy that they get when traveling

across a heterojunction.

Staircase APD fabricated

by the IOM-CNR (Trieste)

in the framework of a

PRIN2015 project co-

ordinated by Uniud.

We achieve high multiplication with low associated noise.

The RPL (3) provides the

average current

waveform of a staircase

APD similar to the one

fabricated by the IOM-

CNR (Trieste) when

excited by a single high

energy photon.

It also provides a stochastic set of sample waveforms to

perform statistical analysis.
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STUDY AND ANALYSIS OF DYNAMIC 

SYSTEMS IN FOOD SERVICE APPLIANCES

AIM:
In the industry field the control and optimization

of dynamic systems is a fundamental topic.

This project is based on the study, analysis and

implementation of algorithms to control and

estimation of the evolution of hybrid models,

with particular attention to the solution of

possible optimization problems. Depending on

the application, the analysis is conducted using

different techniques of the optimization field or

the hybrid system theory.

RESULTS:

The research is divided in four activities:

1. a greedy scheduling algorithm able to sort a

list of cooking processes in the oven

reducing the energy consumption. The

specific algorithm has been protected by the

patent [1].

2. the optimization of the physical

characteristic parameters for a multistage

thawing cycle executed with air impingement

technology. We address this problem with

two approaches: with a multi-objective

genetic algorithm that quests a

thermodynamic model as a black box [2]; by

reformulating it as a reachability problem

over a hybrid system [3].

3. the over-approximation of the trajectory for a

robot arm using the Bernstein coefficients

theory.

4. a sensitivity analysis tool for a Neural

Network (NN) using the Bernstein

coefficients theory. We over-approximate the

behaviour of a NN by approximating the

activation functions both with rational and

polynomial functions. This work was

presented at VNN20 [4].

PUBLICATIONS:

[1] M. Simonato, R. Furlanetto, E. Pippia, E. Tiberi, «Method for operating a cooking oven». Patent  

EP3702673A1, 02 Sept 2020

[2] E. Pippia, A. Bozzato, E. Tiberi. «Multi-objective optimization of multistage jet impingement thawing 

processes». Computers & Industrial Engineering, vol. 149, 2020: 106771.

[3] E. Pippia, A. Bozzato, E. Tiberi, R. Furlanetto,A. Policriti. «Optimization and Multistage Systems. The 

Thawing Case». In Proceedings of OVERLAY@ AI* IA (pp. 101-106). 

[4] E. Pippia, T. Dang, A. Policriti «Image Approximation for Feed Forward Neural Nets». VNN@ CAV 2020 

https://sites.google.com/view/vnn20/program?authuser=0#h.tqo828x9j7cr

Traveling salesman problem for 

scheduling a list of cooking 

processes

Estimate of the maximum 

reachable safety region for an 

industrial robot arm

Estimate of the maximum 

reachable safety region

Hybrid automaton for the thawing model

1

1

1

…

Input domain

…

Output domain

Convex 
hull

tanh

tanh

tanh

for each 
layer

APPLICATIONS:

The potential field of application is the whole

range of food professional appliances.

Electrolux Professional is a lead in this sector,

and they funded this PhD.

Half of the project is focused on optimization

algorithms for two appliances. We minimize the

energy consumption of an oven and we optimize

the thawing cycle according to the duration of

the process, the uniformity and the safeness.

The second half is oriented to robotic solutions

and artificial intelligence algorithms, two

upcoming topics for the food service.

The aim of all the selected tools is to optimize

and manage the operability of professional

appliances.

Neural 
Networks

Dynamic 
Systems

Optimization

Bernstein

Hybrid 

systems

https://sites.google.com/view/vnn20/program?authuser=0#h.tqo828x9j7cr
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BIG DATA ENABLING QUIETER AND CLEANER AIR TRANSPORT

The environmental impact of air transport 

is quantified through noise and pollution

prediction models, while the flight events

are defined using data from the web

Prediction
models

Pollu-
tion

Aircraft 
noise

Air 
traffic

Web 
data

AIMS

The target of this PhD project is to estimate the

environmental impact of present and future air

traffic on airport areas by reconstructing flight

events using multiple web data sources. These

events, once fed into specially implemented

prediction models, enable quantification of

pollutant and noise emissions around the airports.

Satisfying results have already been obtained for

aircraft noise, while the dispersion of pollutants is

currently being studied.

APPLICATIONS

The quantification of the environmental impact of

air traffic in airport areas has always been

hindered by the lack of reliable data on flight

events (departures and arrivals). However, the

use of large amounts of web data from flight

trackers, together with additional databases for

aircraft models and airport runways can solve this

problem. This methodology for calculating aircraft

noise and pollution can be applied quickly and

easily to any airport in the world, thus supporting

aviation policy-makers in their decisions.

RESULTS

The number and characteristics of daily flight

events reconstructed from online resources agree

well with official air traffic datasets. The

reconstruction is excellent in some airports, while

in other cases some differences arise. Historical

ground tracks and noise levels are predicted

reasonably well at a number of large European

airports, while the shape of modelled and official

noise contours are very similar, despite an

underestimation of noise levels by about 2 dB.

When compared to their historical counterparts,

noise levels and contours under future traffic

scenarios provide very reasonable results,

especially thanks to the fleet renewal algorithm.

Future developments will target the distribution of

pollutants around airports with appropriate particle

dispersion models.
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Development of sustainable methodologies for homogeneous 

gold catalysis

INTRODUCTION
During the last 20 years, gold has become a powerful tool in the hands of organic chemists.[1] Nucleophilic additions to a carbon-carbon

unsaturated bond (especially alkynes) are typical reactions catalysed by gold. Concerning gold (I) precatalyst of the type L-Au-X, our contribution

in the field of ligand (L) and counterion effects (X) in gold catalysis is prevalently focused on the hydration of alkynes and related alkoxylation.[2][3]

The hydration of alkynes is an important environmentally friendly reaction in organic chemistry that satisfies both the atom economy rule and

carbon efficiency.[4]

We put a first brick in the direction of developing green conditions for this reaction, applying the NHC-Au-X catalyst to the alkoxylation and

hydration of alkynes in neat conditions[5] and in a wide set of green solvents[6] achieving high TON (104) and TOF (103 h-1), very low E-factor[7]

(0.03-0.06) and high EMY[8] (94-97) values.

In this contribution, new Au(III) complexes of the type [(ppy)Au(NHC)X] X (ppy= phenylpyridine; NHC = 1,3-bis(2,6-diisopropylphenyl)imidazol-2-

ylidene, X- = BF4-, SbF6-, OTf- TFA….) were synthetized and tested as catalysts in the hydration of alkynes. A complete catalytic and kinetic

rationalization led us to develop a methodology under acid-free conditions working at mild (50 °C) temperature in green solvent.

SYNTHESIS AND 

CHARACTERIZATION
Although the synthesis of the [(ppy)Au-NHC-Cl]Cl [ppy =

phenylpyridine; NHC = 1,3-bis(2,6-di-isopropylphenyl)-

imidazol-2-ylidene] complex is present in literature, we

developed a new mild pathway with Potassium carbonate in

Acetonitrile to avoid transmetalation with mercury and silver[9]

and oxidative addition/use of microwave.[10]

The solution structure of the catalyst was deeply investigate

by NMR measurements to understand the behaviour during

the catalytic cycle. Thanks to the 1H-NOESY (Figure 1) we

were able to identify the most important signals that are

sensible to “X” substitutions (green circles), demetallation of

ppy (red) and decoordination of NHC ligand from gold(III)

(ciano). The analysis of these signals confirm the stability of

the catalysts during the catalytic cycle.

RESULTS:

Catalyst Concentration
The conversion measured after one hour of

reaction grows up linearly with the amount of

catalyst suggesting a first-rate reaction for what

concern the [(ppy)Au-NHC-OTf]OTf catalyst.

We can assume that only one atom of Au is

involved in RDS.
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Temperature:
Activation Energy (Ea) and Activation Enthalpy (ΔH‡) were obtained using the

Arrhenius and the Eyring equations. We obtain a value of Ea of 44 kJ (10.5 kcal)

and a value of ΔH‡ of 41 kJ (9.8 kcal).

The plot is obtained using TOF calculated at 50% of conversion in a range of T

from 40° to 120° C.

Substrate concentration:
We have varied alternative the amount of

3-hexyne and water, keeping the final

volume and concentration of catalyst

constant. TOFs remain unchanged

revealing a zero-order reaction rate for

the both substrates.

3-Hexyne (µL) Water (µL) Conv. (%) Time (h) (TOF)

50 18 91 4(11)

100 18 93 8(12)

200 18 44 8(11)

100 36 87 8(11)

100 54 87 8(11)

KIE and Additives:
Conversions and TOFs are irrespective of the use of D2O instead of H2O (KIE

close to one) and addiction of HOTf (“no-active” role of H+), indicating that in the

RDS of the catalytic cycle the proton transfer is not involved, as observed for the

gold(I) catalysed hydration of alkynes. Also, these experiments confirm the stability

of the catalyst in acid conditions (no decoordination of ppy and NHC from gold).

Conv. (%) TOF (h-1) at 24h

reference OTf 94 15

KIE D2O 93 12

additives HOTf 5% 96 12

EXPERIMENTAL PART
A typical catalytic run was performed at 50° C in 400 mL of

g-valerolactone by mixing the alkyne, 1.1 equivalent of H2O

in the presence of 1% of [(ppy)-Au-NHC-Cl]Cl with two

equivalents of the corresponding silver salt.

The progress of the reaction was monitored by NMR

spectroscopy. To evaluate the catalytic activity in different

conditions, the TOF value [TOF (h-1) = (number of mole of

product) / mole of catalyst) / time elapsed] was calculated for

each run. CONCLUSION:
• Acid Free

• Mild temperature

• Low catalyst loading

• Gold(III) complex stability during the 

catalysis

• Reusable

• Utilization of green condition and solvent

[1] a) Obradors, C.; Echavarren, A. M. Chem. Commun. 2014, 50, 16−28. c) Pflästerer, D.; Hashmi, A. S. K. Chem. Soc. Rev. 2016, 45, 1331-1367.

[2] Biasiolo, L.; Trinchillo, M.; Belanzoni, P.; Belpassi, L.; Busico, V.; Ciancaleoni, G.; D’Amora, A.; Macchioni, A.; Tarantelli, F.; Zuccaccia, D. Chem.-Eur. J. 2014, 20, 14594−14598

[3] Biasiolo, L.; Del Zotto, A.; Zuccaccia, D. Organometallics 2015, 34, 1759−1765.

[4] Hintermann, L.; Labonne, A. Synthesis 2007, 1121−1150.

[5] Gatto, M.; Belanzoni, P.; Belpassi, L.; Biasiolo, L.; Del Zotto, A.; Tarantelli F.; Zuccaccia, D. ACS Catal., 2016, 6, 7363. Mattia Gatto, Alessandro Del Zotto, Jacopo Segato, and Daniele Zuccaccia Organometallics 2018, 37, 4685−4691

[6] Gatto, M.; Baratta, W.; Belanzoni, P.; Belpassi, L.; Del Zotto, A.; Tarantelli, F.; Zuccaccia, D. Green Chem. 2018, 20, 2125 – 2134.

[7] E-factor = mass of waste / mass of desired product.

[8] Effective Mass Yield, EMY = (mass of desired product/total mass of material used) *100.

[9] Kumar, R.; Nevado, C. Cyclometalated Gold(III) Complexes: Synthesis, Reactivity, and Physicochemical Properties. Angew. Chemie - Int. Ed. 2017, 56 (8), 1994–2015

[10] Tlahuext-Aca, A.; Hopkinson, M. N.; Daniliuc, C. G.; Glorius, F. Oxidative Addition to Gold(I) by Photoredox Catalysis: Straightforward Access to Diverse (C,N)-Cyclometalated Gold(III) Complexes. Chem. Eur. J. 2016, 22 (33),

11587–11592
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Stilistica e poetica negli Encomi di Clemente di Ocrida

Saggio di traduzione e commento

OBIETTIVI:
Il mio progetto di ricerca è volto all’analisi stilistica

dei nove Encomi attribuiti a Clemente di Ocrida

(840 – 916 d.C.), allievo diretto di Costantino-

Cirillo e Metodio e uno tra i primi autori della

letteratura della Slavia Cristiana. Gli encomi

attribuiti a Clemente, e tramandati perlopiù da

testimoni slavi orientali, comprendono una serie di

testi dedicati a vari santi e figure bibliche che

sono caratterizzati da figure retoriche, immagini

e motivi tipici della letteratura medievale.

AMBITO DI APPLICAZIONE:

Prima di procedere con il commento, ho tradotto

gli Encomi in italiano (Enc. per Zaccaria, per

Demetrio di Tessalonica, per gli arc. Michele e

Gabriele, per Clemente papa, per Giovanni

Battista, per Cirillo, per i Quaranta martiri, per

Lazzaro e per la Dormizione della Vergine).

Per la traduzione mi sono servita di vari

strumenti quali, per esempio, il Dizionario

Praghese dello slavo ecclesiastico antico e alcuni

dizionari dell’Antico e del Nuovo Testamento. Per

quanto riguarda invece l’analisi dei testi, ho

integrato le mie considerazioni con quelle di

studiosi esperti dell’opera di Clemente, e di

letteratura medievale in generale.

RISULTATI:

L’analisi degli Encomi ha dimostrato una

profonda conoscenza da parte dell’autore delle

Sacre Scritture e delle tecniche compositive

proprie del genere encomiastico; lavorando

direttamente sui testi, ho potuto rilevare alcune

peculiarità stilistiche che contraddistinguono

tutta l’opera clementina, la quale include anche

testi omiletici e innografici.

La struttura degli Encomi è regolata da una

precisa logica espositiva, che si riflette anche

nella scelta della figura attorno alla quale

incentrare il racconto: quando non si tratta di un

personaggio biblico, Clemente onora la

memoria di uomini la cui vita risulta, in una

certa misura, legata a quella dei suoi maestri

(es. Enc. per Demetrio di Tessalonica e per

Clemente papa). È attraverso questi testi che

Clemente di Ocrida ha cercato di educare ai

principi del cristianesimo gli Slavi della

propria diocesi, celebrando al tempo stesso la

missione evangelizzatrice di Costantino-Cirillo e

Metodio.

Clemente di Ocrida, Chiesa «Sv. Bogorodica Perivlepta»,

Ocrida, 1294-1295

Clemente di Ocrida, Costantino-Cirillo e Metodio (da destra a sinistra), Chiesa «Sv.

Sofija», Ocrida, 1037-1056

Monastero «Sv. Pantalejmon», Ocrida

Titolo dell’Encomio per Clemente papa,

toržestvennik slavo orientale, XIV sec., ms. Čud.

№20
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Il paradigma dell’ “involontario” nella letteratura del Modernismo:

ricezione, rappresentazioni e riscrittura.

La rielaborazione di teorie, istanze e processi medico-scientifici nei romanzi di 

Gabriele D’Annunzio e Federigo Tozzi.

OBIETTIVI.
Oggetto di studio è la ricezione e la riscrittura di 

teorie medico-scientifiche diffuse in Europa nella 

seconda metà dell’Ottocento, relative ai 

meccanismi della psiche e dell’involontario e al 

concetto pre-freudiano di non-conscio: 

attraverso la disamina dei testi letterari si 

intende rintracciare il substrato di conoscenza 

delle suddette teorie da parte degli scrittori 

italiani attivi tra la fine del XIX secolo e i primi 

anni del XX, al fine di evidenziare processi e 

modalità di riuso attuate da tali autori.

AMBITO DI APPLICAZIONE.

Punto nodale del progetto è una minuziosa 

analisi e un rigoroso confronto tra testi medico-

scientifici e testi letterari, sulla base di un 

approccio metodologico (che trova ancora 

scarso riscontro all’interno del paradigma della 

critica italiana) volto ad indagare l’interazione tra 

letteratura e istanze psicologiche e dettato 

dall’esigenza di dimostrare le modalità di 

rielaborazione attuate dagli scrittori da un punto 

di vista tematico, nonché da una prospettiva 

retorico-linguistica.

RISULTATI.

Il corpus dei testi esaminati consta di quattro

romanzi esemplificativi: L’Innocente e Trionfo

della morte di Gabriele D’Annunzio, Adele e

Con gli occhi chiusi di Federigo Tozzi.

Tale selezione è giustificata dalla certezza che

gli scrittori in questione abbiano letto e

assimilato direttamente le teorie medico-

psicologiche e le abbiano quindi rielaborate

all’interno delle loro opere.

La disamina dei testi presi in esame, condotta

alla luce dei trattati consultati e utilizzati dai due

autori, ha permesso di rintracciare una linea

comune, secondo l’asse Taine-Ribot-Janet, e di

porre pertanto in evidenza, all’interno dei

suddetti romanzi, l’uso di una terminologia

specialistica, nonché la riscrittura di tesi

scientifiche e la rappresentazione di

meccanismi e processi psico-patologici.
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DAL RONDÒ ALLA SOLITA FORMA: I “TEMPI DI MEZZO” 

NELL’ARIA TARDO-SETTECENTESCA 

La dinamicizzazione drammatica 

nell’ambito dell’opera seria italiana fra 

Sette e Ottocento

Aria settecentesca 
drammaticamente 

statica

Rondò bipartito 
dinamicizzato

Aria dinamica 
ottocentesca 

(“solita forma”)

OBIETTIVI:
Il tempo di mezzo è un movimento musicale

“dinamico” che giustifica drammaturgicamente il

passaggio dal tempo lento al tempo veloce

dell’aria ottocentesca (solita forma), sviluppatasi

a partire dal rondò bipartito – la grande aria del

protagonista nell’opera seria tardo-

settecentesca – che tuttavia non contiene

un’analoga sezione “cinetica” intermedia.

L’obiettivo della ricerca è rintracciarne le origini

descrivendo il passaggio dall’aria statica

settecentesca a quella dinamica ottocentesca.

APPLICAZIONI:

Per descrivere le diverse modalità di

dinamicizzazione drammatico-musicale sono

stati visionati diversi documenti (dapprima circa

400 libretti ed in seguito quasi 300 partiture),

custoditi presso alcune biblioteche musicali

italiane (fra cui Bologna, Napoli, Firenze,

Milano). Una ricerca di questo tipo può ampliare

la nostra conoscenza di un periodo chiave,

ancora non debitamente approfondito, della

storia operistica, nonché favorire riprese teatrali

di drammi tuttora assenti dal repertorio attuale.

RISULTATI:

Dall’esame delle fonti si è evinto che alla fine

degli anni Settanta iniziano a diffondersi,

all’interno dei rondò, alcune modalità di

dinamicizzazione quali controscene,

rivolgimenti, risoluzioni, realizzate

musicalmente tramite perturbazioni orchestrali,

oscillazioni tonali e mutamenti di registro

espressivo. Al decennio successivo risalgono i

primi casi di rondò con pertichini che

dinamizzano la situazione scenica in maniera

ben più incisiva. Al volgere del secolo si creano

dinamicizzazioni più complesse – cui

concorrono diversi elementi – che generano

“microsezioni cinetiche”, via via normative

nell’ultimo lustro, che danno vita ad intere

sezioni dinamiche intermedie, in

corrispondenza di specifiche situazioni

drammatiche: sono questi i primi tempi di

mezzo intesi in senso ottocentesco.
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Caribbean decolonisations: Derek Walcott’s narrative re-writings 

and artistic encounters

How the merging of literary texts and artistic praxis can enhance our understanding of 

literature and the wor(l)d

AIMS
My Ph.D. project focuses on Derek Walcott’s literary

and artistic wor(l)d. Western postcolonial critique has

depicted the Nobel prize laureate as one of the most

prominent poets writing in English in the XX century.

Though this may be true, it devalues his fundamental

contribution in the world of West Indian theatre and

art. In the project, I also investigate whether Walcott’s

multimodal work, a mix of Caribbean folkloric

traditions and Western oriented structures and themes,

can open up towards transdisciplinary encounters

within the world of arts, particularly intersemiotic

dance-theatre.

APPLICATIONS

I analysed three works – two plays, The Joker of

Seville and Pantomime, and one long poem

Tiepolo’s Hound, since they epitomise respectively a

response to Spanish, English and French cultural

legacies in the New World. These are re-writings of

Don Juan, Robinson Crusoe and Camille Pissarro’s

stories, from a Caribbean perspective. Following

Quijano and Mignolo’s theoretical approaches, I

applied a decolonial perspective, thus uncovering

Walcott’s strategies to respond to the colonial matrix

of power, through hybrid identity representations,

schizophrenic doubles, and destabilising geo-temporal

shifts. Secondly, as a former professional dancer, I

relied on the concept of (decolonial) praxis to

investigate new artistic dialogues with Walcott’s texts.

RESULTS 
The textual analysis demonstrated how Walcott’s

literary space is fragmented and unpredictable. West

Indian performativity, the use of music and

figurative art - for Walcott was also a painter - are

essential element in his work, as much as his use of

specific artistic means, such as calypsos, folk stories

and dances. The Antillean archipelago is a creative

and imaginative laboratory, where borders and

epistemic boundaries are challenged to give voice

to unknown or erased stories, and also to embrace

the carnivalisation of life, which cures historical

wounds and celebrates the innumerable colours and

shades of the Caribbean.

In the second part, I contrived a dance-theatre

adaptation of Walcott’s The Schooner Flight, his

poetic manifesto. The performance, which took place

in 2019 in Pordenone, was part of a complex

transmedia creation which gathered together - in

partnership - ballet students, dancers, actors and video

professionals, with the intent to reflect on Walcott’s

wor(l)d and also on our own.

Wendell Manwarren and David Tarkenter in Pantomime

(1980) at the Lakeside Theatre, University of Essex

(2012)

Gauguin’s studio (1986), one of Walcott’s paintings

included in his multimodal poem Tiepolo’s Hound (2000)

The Joker of Seville’s music album by Derek

Walcott and Galt MacDermot (1974)

Scan the QR Code to

see the video-abstract

of my dance-theatre

adaptation of Walcott’s

The Schooner Flight

Two excerpts of my multimodal dance-theatre

adaptation of Walcott’s poetic manifesto The

Schooner Flight, a transdisciplinary dialogue with our
regional space of Friuli Venezia Giulia

Derek Walcott (1930-2017), poet, playwright, painter and artist, one of the most distinguished

voices of Caribbean literature and art


