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Introduction
The project Twinning Italy-Canada activities in Research and Innovation in the Agro-Food Area - Attività di
gemellaggio Italia–Canada nel settore della ricerca scientifica e innovazione in campo agro-alimentare
(CANADAIR) is a project funded by the Italian Ministry for Agricultural, Food and Forestry Policies, in the
period 1 January 2012 - 30 June 2015, with a financial support of about 1MIL Euro in favour of the Council
for agricultural research and economics. The project includes research activities referring to three scientific
areas of interest: a) food safety; b) innovation in dairy products; c) agroenergies, representing research
priorities for both Italian and Canadian research institutions.
Twinned research activities developed into the project, were the result of the Italian mission to Canada in
December 2010, promoted by the Italian Embassy in Ottawa and the Canadian Embassy in Rome, with the
support of the Italian Ministry of foreign affairs and the Ministry of agriculture, food and forestry policies, in
which researchers from both countries had the possibility to meet, discuss and share their common
interests in the scientific areas of interest. The Italian scientific proposals successfully met the interests of
the Canadian parts and three twinned research priorities were established and organised in three main
lines of research, within the umbrella of the CANADAIR project:
WP1. Advanced approaches for resistance improvement to mycotoxigenic fungi in relevant
species: diagnosis and infection control – WP Leader G.Valè
WP2. Nutritional Quality and Biofortification in the Agro-Food Chains: Implementation of dairy products
with added bio-functional value – WP Leader G.Giraffa
WP3. Genetic biodiversity in agro-energy biomass plants – WP Leader A.Allavena
Twinned research has been carried out in collaboration with: Agriculture AgriFood Canada, Eastern Cereal
and Oilseed Crops Research Centre (ECORC) in Ottawa; the Guelph Food Research Centre, Guelph; and the
Ontario Agricultural College, University of Guelph, Guelph, Ontario, Canada.
The development of the project, besides the priority targets which represent the focus of the planned
research activities, had the broader objective to foster collaboration between the scientific communities of
both countries, establishing a permanent ground of discussion and knowledge sharing on strategic areas in
the agro-food sector. The collaboration had major benefits also from exchange of scientists and visits,
common discussion forum and working groups established between Italian and Canadian scientists. More
than sixty research scientists on Italian side and about ten from the Canadian side were involved in the
project. Research developed had presentation in form of oral communications and/or posters, in several
national and international congresses during the period 2012-2015.
Finally, the twinning activities were corroborated by two important bilateral events organized by the Italian
Ministry of Foreign Affairs with the Embassy of Italy in Ottawa and Canadian Universities and Institutions:
October 1-3, 2012 - “SPIN OFF and STARTUPS – Innovation partnerships between universities, researchers,
institutions and industry” Conference and Round Table hosted by the Italian Embassy and Carleton
University, Ottawa.
October 8-10, 2013 - “NUTRITION: Research, Innovation and Markets” Conferences and Round Table
hosted by the Italian Embassy and the University of Montreal and University of Toronto.
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WP1: Advanced approaches for resistance improvement to mycotoxigenic fungi in relevant
species, diagnosis and infection control
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Sintesi
I funghi patogeni del genere Fusarium rappresentano una delle principali problematiche fitopatologiche
nelle coltivazioni cerealicole, sia per i danni produttivi diretti che causano alle coltivazioni in termini di
riduzioni di resa (10-40%) che per la loro peculiarità di produrre micotossine altamente tossiche per
animali e esseri umani nel range delle ppm (µg/kg). In aggiunta alle contaminazioni sui prodotti primari,
queste tossine possono pervenire all’uomo anche indirettamente, tramite alimenti che provengono da
animali che hanno assunto mangimi contaminati (carry over), quali latte, formaggi e alcune carni. Per
quanto concerne le infezioni primarie, studi precedentemente condotti hanno evidenziato che esistono
basi genetiche in grado di conferire resistenza/tolleranza alla malattia, limitando fortemente il rischio di
contaminazioni dei prodotti cerealicoli con micotossine. Agenti di biocontrollo possono inoltre limitare la
gravità delle infezioni. Per contrastare in allevamento le micotossine, stanno invece emergendo delle
sostanze ad azione adsorbente che possiedono capacità sequestrante. Partendo da queste considerazioni
preliminari, le attività del WP1 del progetto CANADAIR si sono quindi concentrate sulla caratterizzazione
della base genetica di resistenza a funghi micotossigeni in frumento e mais e introduzione di queste
resistenze in varietà suscettibili (per il frumento), sullo sviluppo di sistemi di selezione di genotipi resistenti,
sulla identificazione di sostanze vegetali adsorbenti ed agenti che rispettivamente limitino il carry over delle
micotossine e ne aumentino la degradazione a prodotti non tossici e infine al controllo dei fungi
micotossigeni mediante antagonisti biologici. Le attività del WP1 del progetto, come anche evidenziato nei
contributi specifici, hanno consentito di ottenere informazione e ottimizzare approcci efficaci per la
riduzione del rischio di contaminazione da micotossine nei prodotti agricoli primari e derivati consentendo
di avere prodotti più sicuri e salubri per i consumatori.
Le azioni di ricerca di questo WP sono state svolte in collaborazione con diversi ricercatori Canadesi:
Thérèse Ouellet, Agriculture and Agri-Food Canada, Eastern Cereal and Oilseed Research Centre (ECORC),
Ottawa; Linda Harris, Agriculture and Agri-Food Canada, Eastern Cereal and Oilseed Research Centre
(ECORC), Ottawa; Ting Zhou, Guelph Food Research Centre, Guelph; Allen Xue, Eastern Cereal and Oilseed
Research Centre (ECORC), Agriculture and AgriFood Canada, Ottawa.

Activities of the WP1 in the CANADAIR project
Several research actions have been undertaken for the WP1, involving genetic, genomics and
technological approaches; the research actions will be briefly summarized in this synopsis and fully
detailed in the specific contributions.
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Action 1: enrichment with molecular markers of the genomic regions harboring the FHB resistance
QTL Qfhs.ifa-5A, localized to the short arm of wheat chromosome 5A (Fig. 1).

Fig 1. Chromosome region harboring the FHB resistance QTL.
Different approaches have been used to saturate the region in which
the FHB resistance is localized allowing an outstanding increase of
molecular markers that can be used for marker assisted selections of
the resistance trait.

Action 2: identification of a DNA physical contig for the resistance gene genomic region

Figure 2: Physical contig realized for the FHB resistance locus on
chromosome 5A
In this action, molecular markers associated to the FHB resistance
locus on chromosome 5A have been used to identify BAC clones from
the wheat variety Chinese Spring and build a physical contig for the
genomic region.

Action 3: introgression of the main QTLs associated with type II resistance on chromosome 3BS
(Fhb1 syn. Qfhs.ndsu-3BS) and type I resistance on chromosome 5A (Qfhs.ifa-5A) on bread and
durum wheat élite cultivars through MASB. In this
action, markers associated to the two highly
effective FHB resistance QTLs have been used for
selecting lines with introgression of the two
resistance genes (Figure 3).

Figure 3. Marker-assisted selection for FHB
resistance loci on chromosomes 3B and 5A.

2

Action 4: whole transcriptome analysis with Illumina Genome Analyser IIx for the identification of
transcripts and small non-coding RNAs differentially regulated during the infection process. In this
research action, deep sequencing approaches were conducted on spikes and rachis of Nearisogenic lines (NILs) carrying or not carrying a FHB resistance QTL on chromosome 2DL (Figure 4).

Figure 4. NILs for the FHB resistance locus QTL on chromosome 2DL were used for
the identification of mRNA and miRNA responsive to FHB infection.

Action 5: Analysis of the maize genetic variability for tolerance to Fusarium spp. and/or to the
mycotoxin accumulation (fumonisin). The activities involved screening of maize germplasm
through artificial inoculation of kernels in the field and evaluation of the number of kernels with
infection at the inoculation point (Figure 5).

Figure 5: Artificial inoculation with Fusarium spp. Of maize germplasm and symptoms evaluation.
Action 6: Establishment of a array-based selection system for Fusarium tolerance in maize through
gene expression analysis in resistant and susceptible materials. A micro-array-based approach had
been used for the identification of Fusarium responsive genes differentially regulated in resistant
and susceptible maize genotypes for the identification of marker genes useful for selecting the
resistance traits (Figure 6).

Figure 6. An array-based screening system for maize resistance to
Fusarium spp.

Action 7: Identification/validation of vegetable adsorbents
substances that can bind mycotoxins and promote their
elimination. These evaluation were carried out through i) the
treatments of dairy cattle with mycotoxins contaminated feed at
the beginnng of lactation, with or without adsorbents materials; ii)

3

records of productivity, reproduction and haematic parameters.

Action 8: Biocontrol and degradation of mycotoxin and mycotoxigenic fungi by microbiological
agents and plant derived natural substances. The activities involved i) the evaluation of antifungal
and detoxifying ability of lactic acid bacteria (LAB); ii) the evaluation of antifungal activity versus
Fusarium spp. of saponins obtained from Medicago (Figure 7).
Action 9: In vitro selection of Trichoderma spp. for their ability to inhibit growth of mycotoxigenic
fungi and evaluation of cereal seed dressing conducted with Trichoderma spp isolates towards
mycotoxigenic fungi (Figure 8).

Figure 7. Evaluation of antifungal action of LAB
and a Medicago plants for saponins extraction.

Figure 8. Trichoderma strains used for seed
dressing treatments
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Genetic and physical analysis of Fusarium head blight resistance locus on bread wheat
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Sintesi
La Fusariosi della spiga (FHB) è una malattia del frumento di primaria importanza che causa
pesanti perdite produttive e la contaminazione della granella con micotossine, dannose per
l’uomo e gli animali. L’ introduzione di resistenze a FHB in cultivar adattate è quindi di importanza
essenziale. La resistenza a FHB è un carattere quantitativo governato da diversi loci con effetti
maggiori-medi e minori sul fenotipo (QTL). Tra i QTL con effetto maggiore, Fhb1 (sul cromosoma
3BS) eQfh.ifa-5A(sulcromosoma 5AS)hanno mostrato dimigliorare la resistenza a FHBin
diversibackground genetici.
Nell'ambito
delle
attività
del
progetto
CANADAIR,
è
stato
studiata
la
resistenzaquantitativaconferita dal QTLsul cromosoma 5AS.Al fine di saturare il locus di resistenza,
sono state integrate le informazioni derivanti da 4 popolazioni segreganti appartenenti a diverse
specie di Triticum: Chinese Spring x Renan (Triticumaestivum), Chinese Spring (CS) x CS-T.
dicoccoides 5A, DV92xG3116 (T. monococcum), Latino x MG5323 (T. turgidum ssp. durum x T.
turgidum ssp. dicoccum). La risoluzione di due di queste mappe (CSxCS5A and LtxMG) è stata
migliorata mediante ibridazione con l’array 90K InfiniumTM che ha permesso l’identificazione di
migliaia di polimorfismi funzionali. Utilizzando la mappa genetica CSxCS5A come framework, è
stata sviluppata una mappa neighbor ad alta densità del braccio corto del cromosoma 5A che
risulta costituita da 1167 marcatori molecolari e una densità di 0.38 cM/marcatore. Inoltre sono
state ibridate sull’array 90K 23 linee di frumento tenero (comprendenti linee ricombinanti e linee
isogeniche per il locus di resistenza del cromosoma 5A). Il confronto tra la genotipizzazione delle
23 linee con la neighbor map sviluppata, ha permesso di definire un ordine dei marcatori
molecolari e di eseguire una analisi aplotipica della regione che comprende il Qfhs.ifa-5A,
consentendo la definizione di una regione candidata associata con il QTL. Allo stesso tempo, la
disponibilità di Minimum Tiling Path (MTP) per il cromosoma 5AS ha consentito la mappatura fisica
di questa regione. I marcatoriputativamenteassociatisono stati esaminatimediante PCRsu51pool
tridimensionali di cloni BAC del MTP. Ad oggi, contigs positivi sono stati identificati creando una
copertura fisica della regione e questo risultato consente di avere a disposizione marcatori più
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affidabili per la selezione assistita del locus Qfhs.ifa-5A e per intraprendere le procedure di
clonaggio del gene.

Introduction
Fungi belonging to the genus Fusarium have long been recognized as important pathogens of
wheat and other small grain cereals. In particular ear infection leads to the pathology known as
Fusarium Head Blight (FHB). The most widespread species in temperate climates involved in
cereals pathology is F. graminearum. In wheat, FHB caused by this fungus leads to severe losses of
yield and also of grain quality, due to the contamination with mycotoxins (mainly deoxynivalenol
and nivalenol). As the chemical control and agricultural practices (tillage, crop rotation) are
scarcely feasible, the most promising and cost-effective strategy to face the disease appears the
development of resistant cultivars. Wide variation among wheat cultivars for FHB resistance has
long been observed and characterized, leading to the identification of the genetic bases for several
FHB resistance. More than 100 QTLs associated with FHB resistance have been identified in bread
wheat, and these appear evenly distributed along all chromosomes except 7D. A remarkable
contribution in this direction was given by resistant cultivars from Asia (e.g., Sumai 3, Ning 8331,
Ning 7840). Sumai 3 (as well as its derivatives) is a very interesting cultivar, which shows high
resistance levels and was widely exploited for breeding. In this cultivar two major resistance QTLs
were identified, namely Fhb1 and Fhb2 on chromosome 3B and 6B respectively, conferring a Type
II-resistance. Moreover, in CM-82036 (a Sumai 3 derivative) a third region was identified (Qfh.ifa5A) located on chromosome 5A, able to confer a highly effective Type I resistance (i.e. operating
against the initial establishment of the pathogen on the host). While Fhb1 and Fhb2 were widely
characterized in numerous cultivars which are widely exploited in breeding programs, the study of
Qfh.ifa-5A was hindered by its localization in a peri-centromeric region, characterized by a low
recombination rate. To overcome this problem one possible mapping strategy consists could be
represented by the use of a large number of molecular markers, in order to increase the
probability of recombination among them. Recently new high-throughput molecular marker
platforms (e. g. Illumina Bead ArrayTM, Affymetrix GeneChipTM, genotyping-by-sequencing (GBS))
have been developed, allowing the deploymentof high density genetic maps based on thousands
of markers. Considering the importance of the FHB disease (and related economical/healty
implications), the objective of this work was the characterization of the quantitative resistance to
FHB conferred by the QTL on the chromosome 5AS (Qfhs.ifa) in breadwheat to increase the
efficiency of selection and to speed up the introgression of this resistance region into susceptible
germplasm.
Materials and Methods
A panel of bread wheat lines, originated from a cross between CM-82036 (highly resistant to FHB)
and Remus (susceptible) was used. The resistant parent, CM-82036, carries two major QTLs for
FHB resistance (Qfhs.ndsu-3BS and Qfhs.ifa-5A;Buerstmayr et al. 2003). The recombinant lines
were genotyped using the Infinium 90K SNPs array and analysed with microsatellites (SSRs)
markers. Moreover, 4 segregating populations, derived from different Triticum species (Table 1a)
were used and analysed using different types of molecular markers (SSRs, TE-based, COS and 90K).
The molecular data collected were used, with four additional maps available in literature (Table
1b) to develop a 5AS high-density neighbor map .In order to identify candidate genes underlying
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Sintesi

Il fungo ascomicete Fusarium graminearum rappresenta uno dei principali patogeni del frumento
e causa ingenti perdite del raccolto nelle regioni a clima temperato. Esso influenza anche la qualità
del granello determinando una riduzione del contenuto di proteine di riserva e producendo
micotossine dannose per la salute. Durante l’antesi, quando il clima diventa caldo e umido, le
ascospore o i conidi penetrano nelle spighette attraverso le glume e le ife si sviluppano fino al
rachide, attraverso il quale invadono le spighette adiacenti. Nei casi più gravi tutto il culmo viene
colonizzato. Nella prima fase di infezione F. graminearum si alimenta degli essudati dell’apoplasto
senza invadere le cellule ospiti, ma, quando le ife diventato abbondanti, inizia la colonizzazione
neurotrofica degradando le pareti cellulari mediante specifici enzimi e inducendo la morte
cellulare attraverso la secrezione di micotossine. Numerosi QTL associati alla resistanza a tale
fungo in frumento sono stati mappati su vari cromosomi: 3BS, 5AS, 6AS, 6BS, 7D, 4BS e 2DL;
tuttavia i meccanismi molecolari alla base della resistenza non sono ancora conosciuti. Alcune
analisi hanno dimostrato che metaboliti come acido p-cumarico, acido amminobutirrico e mioinositolo sono implicati nella risposta di difesa associata al QTL localizzato sul cromosoma 2DL.
Analisi microarray di due linee isogeniche (NIL), 2890 (suscettibile) e 2618 (resistente), che
differivano per la presenza di questo QTL hanno inoltre evidenziato una complessa risposta
trascrizionale sia nel resistente che nel suscettibile che coinvolge numerosi pathway. In particolare
è stata osservata una down-regolazione di geni implicati nel metabolismo energetico, trasporto e
percezione e adattamento a stimoli esterni nel genotipo suscettibile. Sono stati individuati 8 loci
candidati che mostravano lo stesso profilo di espressione anche in un’altra coppia di NIL, ma solo
uno di essi possedeva un omologo sul cromosoma 2DL. Al momento sono in corso analisi di
trascrittomica comparativa, mediante RNA-Seq e miRNA-Seq, di spighette e rachidi delle due NIL
2890 e 2618, a 3 giorni dall’inoculo del fungo. I trascritti dei campioni inoculati verranno
confrontati con i rispettivi mock. Tali esperimenti forniranno maggiori dettagli riguardo la risposta
di difesa del frumento verso F. graminearum.

Introduction
Fusarium head blight (FHB) is a major disease of wheat in temperate climates and is caused mainly
by the filamentous ascomycete Fusarium graminearum (telomorph Gibberella zeae). The disease
results in a reduction of grain yield and quality due to shriveled kernels and a selective loss of
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albumin and gluten proteins in seeds. Moreover, the grains become contaminated by mycotoxins
like deoxynivalenol (DON), 3-acetyl-deoxynivalenol (3-ADON) and 15-acetyl-deoxynivalenol (15ADON) delivered by the pathogen, preventing the use for food, feed or malting purpose (Brown et
al., 2010; Long et al., 2015).
The pathogen survives on crop debris and when warm and moist weather conditions occur during
anthesis, ascospores or conidia are either rain splashed or wind dispersed onto the external
anthers and outer glumes. Spores germinate on the abaxial surface of the glumes and in the floral
cavity within 12 hours post inoculation (hpi), producing hyphaes which come in contact with
stomata. Even without an appressorium, F. graminearum penetrates the adaxial surface and the
stomatal opening of the floral brackets (glume, lemma and palea), invading the ovary (36 hpi).
Through the floral brackets and ovary the fungus can colonize also the rachis at 5 days post
inoculation (dpi) and then spreads into the cortex invading the whole ear, from spikelet to
spikelet, the vasculatures, the culm and pith cavity (12 dpi). At the advancing infection front,
colonization of the cortex occurs ahead of any vascular invasion and the fungus feeds off the
extracellular exudates in the apoplast. Intercellular hyphaes then became abundant and rapidly
degrade host cell wall through a localized secretion of degrading enzymes, thus initiating a host
cell death and the necrotrophic colonization. DON may initiate Programmed Cell Death (PCD) once
a certain concentration is reached and higher levels of this mycotoxin is present in rachis with
respect to spikelet. DON is known to inhibit protein synthesis and its higher concentration may
play a role in reducing wheat’s defense response in rachis (Brown et al., 2010).
The genetic bases of FHB resistance type I (resistance to initial infection) and type II (resistance to
spread within the spike) have been largely studied and several resistance major QTL have been
mapped on chromosomes 3BS (Fh1b locus), 5AS, 6AS, 6BS (Fhb2 locus), 7D, 4BS and 2DL.
Additional minor QTLs were located on chromosomes 2A, 3A and 7A (Buerstmayer et al., 2009).
However, very little is known about the molecular mechanisms of resistance. A metabolic profiling
of rachis and spikelets to discriminate Near Isogenic Lines (NILs) differing for a QTL on
chromosome 2DL, derived from cv. Wuhan-1 (Somers et al., 2003), lead to the identification of 27
Resistant-Related (RR) metabolites, including 22 Constitutive (RRC) and 8 Induced (RRI) after F.
graminearum infection, with three common metabolites. In particular p-coumaric acid (RRI),
aminobutyric acid (RRC) and myo-inositol (RRC) were considered the most probable RRmetabolites related to the 2DL QTL (Hamzehzarghani et al., 2014). Recently, Long and co-workers
(2015) performed an expression profiling, based on the microarray technique, of spikelets at early
stages of infections of two NILs differing at the level of the 2DL QTL: 2890 (susceptible, null) and
2618 (resistant, 2DL+). Firstly, inoculation experiments of these genotypes suggested the presence
of mechanisms which suppress fungal infection at the point of initial infection in the resistant
spikelet, thus reducing the progression of the fungus to the rachis. Comparing infected sample
with mocks of the same genotype, about 33% of the 61,127 probe sets were affected by the
presence of the fungus in 2890, while 18% was detected for 2816. On the other hand, 487 probe
sets were differentially expressed between the two lines and a more severe reduction of
transcription was detected for the null 2890 when infection occurred. These down-regulated
genes were involved in energy metabolism, transport and perception of environmental stimuli and
adaptation, including auxin-regulated genes, brassinosteroid LRR receptor kinases, genes
associated to giberellin and abscissic acid response. The observations suggest that F. graminearum
disrupts multiple phytohormone signaling pathways in spikes, increasing wheat susceptibility to
FHB. Furthermore, many genes implicated in defense and cell rescue were also identified. In
general the results indicated that a complex transcriptional response to the fungus occur in both
the susceptible and resistant genotypes, and the modulation of transcription of genes involved in
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many pathways cumulatively leads to either a successful or a failed defense response. More
specifically eight candidates showing similar expression profiles between the two lines and other
two NILs (the null 3251 and the 2DL+ 3213) in qRT-PCR analyses were identified and one of them,
Ta.25696.1, was predicted to have a close homolog located on chromosome 2DL (Long et al.,
2015). To better explore the molecular response to F. graminearum in wheat, we performed
comparative transcriptional analyses of rachis and spikelets of the two NILs 2890 and 2618, at
3dpi, by the use of RNA-Seq and miRNA-Seq.

Materials and Methods
Plant materials
As described by Long et al. (2015), the two NILs 2890 and 2618, respectively differing for the
absence or presence of the 2DL FHB resistance QTL, were selected from BC2F4 lines derived from
the cross of a FHB resistant line, HC374, as the male parent, and the susceptible BW301, as the
female parent, followed by two backcrosses (Fig. 1).

Fig. 1. Lineage for sister lines segregating for the 2DL QTL. The left side of the figure shows the crossing
strategy applied. The column on the right provides the name of sister lines. R = FHB resistant plant; S = FHB
susceptible plant; BCnFn, BC = backcross generation n and F =self-cross generation n; + = line carrying the
FHB resistance 2DL QTL; - = line null for the FHB resistant QTLs on chromosomes 2DL, 3BS and 5A. Modified
from Long et al. (2015).

Selection was performed using the SSR markers gpw5141, gpw8003, cfd73, cfd233, gwm608 and
gwm539 (Long et al., 2015).
Inoculation with F. graminearum
Inoculation of plants was performed using the highly virulent isolate of the fungus DAOM 180378
(Canadian Collection of Fungal Cultures, Agriculture and Agri-Food Canada, Ottawa, Canada),
producing the 15ADON mycotoxin. Plants were grown in a controlled-environment cabinet under
16 h light at 20°C and 8h dark at 16°C until mid-anthesis and then transferred into a growth
chamber. Thirty-eight ears at mid-anthesis were infected by inoculating 10 ʅl of a macroconidial
spore suspension at 1 X 105 spores/ml in the middle between lemma and palea of a central
spikelet of each ear. Inoculated plants were misted overhead for 30’’ every hour during the light
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period for two days to maintain high humidity during the initial stage then moved to a non-misted
bench in the same growth cabinet maintained at 75% humidity (Long et al., 2015).
RNA extraction
Total RNA was extracted by the use of the TRIzol reagent (Life Technologies) from rachis and
spikelets of the two NILs at 3 dpi and from mock controls. Three biological replicates for each
genotype and treatment were performed. RNAs were treated by DNase I (Ambion) and the
samples for the RNA-Seq experiment were purified with the RNeasy Mini Kit (QIAGEN).
Libraries preparation and sequencing
RNA-Seq libraries were prepared with 1 ʅg of purified RNA and the TruSeqTM RNA Sample
Preparation Kit (Illumina) following manufacturer’s instruction. Libraries were size selected (about
400 bp) from 2% agarose gel (low range ultra agarose – BIORAD) using the QIAquick Gel Extraction
Kit (QIAGEN). The quantification was carried out by qRT-PCR as suggested by providers.
The TruSeq Small RNA Library Preparation Kit (Illumina) was utilized for miRNA libraries starting
from 1 ʅg of crude RNAs.
The quality of all the libraries was checked by the use of a 2100 Bioanalyzer (Agilent).
Libraries were run on an Illumina GAII multiplexing two samples per lane for the RNA-Seq
experiment and 4 samples per lane for the miRNA sequencing.

Results and Discussion
The analysis of the results of the two runs of RNA-Seq and miRNA-Seq is in progress and aims to
compare the expression of inoculated towards mock rachis and spikelets in the two genotypes.
In both the experiments, we performed comparison among genotypes, tissues and treatments.
Preliminary results are reported in Table 1.
Comparisons
2618 sp. in. vs. 2890 sp. in.
2618 sp. mock vs. 2890 sp. mock
2618 rach. in. vs. 2890 rach. mock
2618 rach. mock vs. 2890 rach. mock
2890 sp. in. vs. 2890 sp. mock
2890 rach. in. vs. 2890 rach. mock
2618 sp. in. vs. 2618 sp. mock
2618 rach. in. vs. 2618 rach. mock
2890 sp. in. vs. 2890 rach. in.
2890 sp. mock vs. 2890 rach. mock
2618 sp. in. vs. 2618 rach. in.
2618 sp. mock vs. 2618 rach. mock

RNA-Seq DEGs
11194
15770
43936
17165
49884
8289
25296
41830
n.d.
n.d.
n.d.
n.d.

miRNA-Seq DEGs
10
17
21
3
22
13
3
7
14
51
40
60

Table 1. Preliminary results of the RNA-Seq and miRNA-Seq experiments. n. d. = not determined, in. =
infected, sp. = spikelet, rach. = rachis, vs. = versus.

In the RNA-Seq experiment, more up-regulated DEGs were identified for spikelets with respect to
rachis for both the genotypes, while rachis showed more down-regulated genes. Comparing the
two genotypes, relevant transcriptional differences were detected for both treatments in the two
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tissues. Detailed analyses are in progress and all the results will lead to the discovery of candidates
involved in FHB resistance to be used as starting points for improving breeding strategies. The
RNA-Seq DEGs will be also detailed analyzed at sequence level to discover putative functional SNPs
and alternative isoforms between genotypes or conditions. The analyses will provide a better
understanding of molecular mechanisms at the basis of F. graminearum resistance in wheat,
particularly the one associated to the major QTL on chromosome 2DL.
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Sintesi
La fusariosi della spiga è una grave malattia che colpisce i frumenti,causando forti riduzioni in
termini di resa e di qualità della granella che risulta anche contaminata da pericolose micotossine,
principalmente deossinivalenolo e zearalenone. Un programma di miglioramento genetico del
frumento duro per la resistenza alla FHB basato su reincrocio MABC (marker-assisted back cross) è
stato realizzato presso il CRA-CER di Foggia, nell’ambito del progetto CANADAIR. Due loci di
resistenza alla FHB, Fhb1 e Qfhs.ifa-5A, sono stati trasferiti dalla cv. di frumento tenero Sumai3 ed
alcuni suoi derivati (CM-82036, 20568.3.1, 208.12.2.1 e 20568.3.2), in cv. e linee di frumento duro
italiane di pregio per caratteri agronomici e qualitativi. L’analisi genotipica è stata effettuata
utilizzando i marcatori molecolari Xgwm293, Xbarc180 e Xgwm304, associati al Qfhs.ifa-5A sul
cromosoma 5A e UMN10 associato al gene Fhb1 sul cromosoma 3BS. Sono state selezionate7 linee
BC2F1 e 6 linee BC1F2 portatrici sia dei loci di resistenza alla FHB che dei caratteri di interesse dei
genotipi riceventi. Le linee BC1F2 selezionate sono state valutate per la resistenza alla FHB,
mediante inoculo artificiale, evidenziando una resistenza media alla malattia. Questi risultati
suggeriscono la possibilità di migliorare lo standard di sicurezza alimentare nella filiera cerealicola
mettendo a disposizione degli agricoltori dei materiali genetici resistenti allo sviluppo di specie di
fusarium tossigeni.

Introduction
Fusarium head blight (FHB) is an important wheat disease, which is caused by different species of
Fusarium. Most widespread species are F. graminearum (Schwabe) [teleomorph: Gibberellazeae
Schwein.) Petch] and F. culmorum (W.G. Smith) Sacc. (Liddell, 2003). Selecting durum wheat cv.
with resistance loci to FHB is the most promising strategy to control the disease. Genes of
resistance to FHB have been identified in T. aestivum, T. dicoccoides (Buerstmayr et al. 2003a;
Miller et al. 1998) andT. carthlicum (Oliver et al. 2008). Major QTL of resistance to FHB have been
found on chromosomes 3BS (Fhb1) and 5A (Qfhs.ifa), in the bread wheat cv. Sumai 3, and used to
transfer FHB resistance without compromising grain yield and quality (Buerstmayr et al. 2011).
Donor genotypes are usually Sumai 3 and some relatives. In the present study a breeding program
based on marker assisted backcross (MABC) is presented, to transfer Sumai 3 resistance QTLs to
some durum wheat genotypes characterized by good agronomic features. This activity has been
carried out in the frame of the project CANADAIR (Attività di gemellaggio Italia-Canada nel settore
della Ricerca scientifica e Innovazione in campo Agro-alimentare, (DM 27240/7303/2011 del
20/12/2011).
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Materials and Methods
Plant material
Four back cross populations have been developed in order to transfer FHB resistance to durum
wheat (Fig. 1). Donor genotypes was the bread wheat cv. Sumai 3, described as highly resistant to
FHB. Recurrent parents were three durum wheat genotypes: cv. PR22D89, characterized by good
yield performance; line 5BIL-42, resistant to powdery mildew (Blumeria graminis); cv. UC1113 with
high content and quality of grain proteins; cv. Creso, characterized by a major QTL for resistance to
leaf rust (Puccinia triticina).
Analysis of genomic DNA
Genomic DNA was extracted from leaves of young plants at the third leaf stage, with the Wizard
Magnetic 96 DNA Plant System (PROMEGA) kit and using the robotic station Biomek 3000
(Beckman Coulter). DNA analysis was carried out with molecular markers closely linked to
favorable alleles for the traits of interest carried by the donor and recurrent parents: resistance to
FHB, leaf rust, powdery mildew and high protein content in grains. PCR products were separated
with the DNA analyzer ABI PRISM 3130 (PE Applied Biosystems) and resulting data were analyzed
with the Gene Mapper software, version 4.0.
Phenotypic evaluation of selected lines for resistance to FHB
FHB resistance tests were carried out in the frame of a trial in open field conditions in Tolentino
(MC). In particular, 10 plants per BC1F2 combination were grown with standard agronomic
practices until flowering stage, when they were treated with an FHB artificial inoculum. This
inoculum, prepared by Dr. Antonio Prodi of the University of Bologna, consisted of equal
concentrations of Fusarium graminearum and culmorum spores. Resistance was evaluated as the
infection rate on 2 random spikes per plant. In particular the percentage of infection per spike was
calculated as the number of infected spikelets on total number of spikelets per spike by 100.
Plants were considered as resistant with infection percentage between 0 and 10, as moderately
resistant with infection percentage between 10 and 30, and susceptible with infection percentage
higher than 30.
Results and Discussion
With the aim of conferring resistance to FHB to some elite cultivars of durum wheat, a MABC was
established at the CRA Cereal Research Centre of Foggia. The program was based on the transfer of
two resistance QTL, Qfhs.ifa-5A e Fhb1, previously mapped in the bread wheat cv. Sumai 3.
First of all, a search for molecular markers closely linked to these QTL was carried out in literature,
in order to verify their suitability for the MABC program in durum wheat. In particular, the
polymorphism between donor and recurrent parents was evaluated. The analysis of molecular
markers has been performed on a set of genotypes in which the donors were Sumai 3 and some
relatives (CM-82036; 20568.3.1; 208.12.2.1 e 20568.3.2.), and the recurrent parents were durum
wheat lines characterized by a good expression of agronomic traits of interest (see Materials and
methods). Based on the analysis, the molecular markers selected as suitable for the MABC
program were: Xgwm293, Xbarc180andXgwm304 as linked toQfhs.ifa-5Aon chromosome 5A
andUMN10 as linked to theFhb1 gene on chromosome 3BS. These markers, indeed, showed a
17

Materials and Methods
Plant material
Four back cross populations have been developed in order to transfer FHB resistance to durum
wheat (Fig. 1). Donor genotypes was the bread wheat cv. Sumai 3, described as highly resistant to
FHB. Recurrent parents were three durum wheat genotypes: cv. PR22D89, characterized by good
yield performance; line 5BIL-42, resistant to powdery mildew (Blumeria graminis); cv. UC1113 with
high content and quality of grain proteins; cv. Creso, characterized by a major QTL for resistance to
leaf rust (Puccinia triticina).
Analysis of genomic DNA
Genomic DNA was extracted from leaves of young plants at the third leaf stage, with the Wizard
Magnetic 96 DNA Plant System (PROMEGA) kit and using the robotic station Biomek 3000
(Beckman Coulter). DNA analysis was carried out with molecular markers closely linked to
favorable alleles for the traits of interest carried by the donor and recurrent parents: resistance to
FHB, leaf rust, powdery mildew and high protein content in grains. PCR products were separated
with the DNA analyzer ABI PRISM 3130 (PE Applied Biosystems) and resulting data were analyzed
with the Gene Mapper software, version 4.0.
Phenotypic evaluation of selected lines for resistance to FHB
FHB resistance tests were carried out in the frame of a trial in open field conditions in Tolentino
(MC). In particular, 10 plants per BC1F2 combination were grown with standard agronomic
practices until flowering stage, when they were treated with an FHB artificial inoculum. This
inoculum, prepared by Dr. Antonio Prodi of the University of Bologna, consisted of equal
concentrations of Fusarium graminearum and culmorum spores. Resistance was evaluated as the
infection rate on 2 random spikes per plant. In particular the percentage of infection per spike was
calculated as the number of infected spikelets on total number of spikelets per spike by 100.
Plants were considered as resistant with infection percentage between 0 and 10, as moderately
resistant with infection percentage between 10 and 30, and susceptible with infection percentage
higher than 30.
Results and Discussion
With the aim of conferring resistance to FHB to some elite cultivars of durum wheat, a MABC was
established at the CRA Cereal Research Centre of Foggia. The program was based on the transfer of
two resistance QTL, Qfhs.ifa-5A e Fhb1, previously mapped in the bread wheat cv. Sumai 3.
First of all, a search for molecular markers closely linked to these QTL was carried out in literature,
in order to verify their suitability for the MABC program in durum wheat. In particular, the
polymorphism between donor and recurrent parents was evaluated. The analysis of molecular
markers has been performed on a set of genotypes in which the donors were Sumai 3 and some
relatives (CM-82036; 20568.3.1; 208.12.2.1 e 20568.3.2.), and the recurrent parents were durum
wheat lines characterized by a good expression of agronomic traits of interest (see Materials and
methods). Based on the analysis, the molecular markers selected as suitable for the MABC
program were: Xgwm293, Xbarc180andXgwm304 as linked toQfhs.ifa-5Aon chromosome 5A
andUMN10 as linked to theFhb1 gene on chromosome 3BS. These markers, indeed, showed a
18

- 6 BC1F2 lines which are homozygous for the two loci of resistance to FHB and some of the favorable
alleles for the traits of interest from recurrent parents as reported in Table 3. These lines have been
subjected to a phenotypic evaluation for resistance to FHB.
Table 2 - Backcross populations, number of BC2F1 lines and introgressed traits. All of the lines are heterozygous at
the loci of interest.
Introgressed traits

Number of BC2F1
lines

Backcross

Sumai 3

x

Creso

7

Sumai 3

x

5BIL-42

3

Sumai 3

x

UC1113

5

Sumai 3

x

PR22D89

1

Donor

Recurrent
Leaf rust resistance (Lr14c
gene)

FHB resistance
(Fhb1-3BS; Qfhs.ifa-5A)

Powdery mildew resistance
(Pm36 gene)
Protein content (GPC-B1
gene)

Table 3 - Genotypes obtained from self-crossed BC1F1 plants, which are homozygous for all of the traits of interest.
For each line pedigree, generation and introgressed traits are reported.
Line
2032-3
2040-13
2040-16
2047-8

Pedigree
Sumai3/*Creso
Sumai3/*UC1113
Sumai3/*UC1113
Sumai3/*5BIL-42

Plant
BC1F2
BC1F2
BC1F2
BC1F2

2049-1

Sumai3/*5BIL-42 Neg. Contr.

BC1F2

Features of selectedplant
Homozigousfor Fhb1 and Qfhs.ifa-5A
Homozigous for Fhb1 and Qfhs.ifa-5A
Homozigous for Fhb1 and Qfhs.ifa
Homozigous for Fhb1 and Qfhs.ifa
Homozigous for susceptible alleles at loci
Fhb1 and Qfhs.ifa-5A

BC1F2 plants were evaluated for FHB resistance in open field conditions, together with donor and recurrent
parents as controls. The negative controls were fully susceptible to FHB as expected, but, interestingly four
out of the evaluated plants showed an intermediate resistance, and this indicates that the MABC program
has been effective in increasing the resistance level of resistance to FHB in durum wheat.
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Sintesi
Tra i metaboliti secondari implicati nel sistema di difesa della pianta, le saponine svolgono un
ruolo significativo. Le saponine sono sostanze glicosidiche formate da triterpeni pentaciclici
presenti in diverse specie vegetali come le leguminose; sono coinvolte nei meccanismi di difesa
della pianta a causa della loro attività antimicrobica, insetticida e nematocida. Le saponine sono
presenti in diverse specie di piante, tra cui anche membri del genere Medicago; questi composti
sono stati studiati per la loro funzione bioattiva. L'attività antifungina delle saponine è stata
studiata contro un ampio spettro di funghi patogeni umani e vegetali.
Nel mais, funghi del genere Fusarium, sono agenti patogeni diffusi in tutto l’areale maidicolo
italiano, causando marciumi su diversi tessuti della pianta: radici, fusto, spighe e cariossidi. Specie
di Fusarium possono anche influenzare la qualità del prodotto, producendo micotossine, come le
fumonisine prodotte da F. verticillioides. La contaminazione da micotossine della granella di mais è
una minaccia globale sia per la sicurezza degli alimenti che dei mangimi. In questa ricerca, miscele
saponine purificate da erba medica sono state testate contro F. verticillioides attraverso test in
vitro. Diverse quantità (2, 1, 0,5, 0,25 mg) di saponine estratte dal foglia, radici e prosapogenine
(saponine processate da idrolisi basica), sono state distribuite uniformemente sulla superficie di
piastre Petri contenenti 5 ml di PDA (Potato Dextrose Agar) e inoculate con 100 spore del ceppo #
294 di F. verticillioides (fornitura ceppo: prof.ssa Battilani università cattolica del sacro cuore di
Piacenza); il diametro della colonia è stata valutata da 2 a 7 giorni dopo l'inoculo (Days After
Inoculation - DAI). Come controlli, sono state utilizzate piastre con Fusarium tal quale e trattate
con 50% di etanolo (soluzione in cui le saponine sono disciolte). Dopo 7 DAI, le fumonisine
prodotte sono state estratte dal micelio e quantificate mediante test ELISA. La percentuale di
inibizione è stata calcolata rispetto alla crescita su 50% di etanolo. I risultati mostrano che le
saponine estratte da diversi tessuti di Medicago sativa: i) inibiscono differenzialmente la crescita
di F. verticillioides; ii) diminuiscono la produzione di fumonisine. Dati preliminari suggeriscono che
le saponine potrebbero essere dei preziosi strumenti per controllare i funghi tossigeni presenti nel
mais.
Introduction
The contamination of food and feed products with mycotoxins produced by several classes of
phytopathogenic fungi is a global threat to safety. Mycotoxins are secondary metabolites
produced by fungi, which may be toxic or have other debilitating effects on living organisms (CAST,
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2003). The risk of contamination-associated to mycotoxins in cereals is worldwide relevant
because they are included in the 10 major vegetable foods. In Italy maize is a major crop for
animal feed, for direct human consumption and as a source for several commercial products.
The primary organism causing ear rot in most maize-growing areas of Southern Europe are fungi of
genus Fusarium, particularly the toxigenic fungus F. verticillioides. This pathogen causes losses in
grain yield and quality, due to the production of mycotoxins and the consquent contamination of
the grain. Fusarium may colonize the plant both in the field during its development than during
the post harvest period (Parsons and Munkvold, 2012). Different strategies have been considered
to reduce the contamination of human and animal food by fumonisins. However, attention to
envinronmental safety and feed and food quality have led researcher to look for alternative
strategies to chemical agents, such as the use of plant bioactive metabolites as natural fungicides.
Plant extracts have been investigated for their antimicrobial activity starting from the concept that
secondary metabolites in plants, has evolved to combat pathogens.
Saponins from Medicago sativa are a major family of plant secondary metabolites characterized
by numerous biological properties. The presence of saponins in the plants has been related with
the defense role against pathogenic microbes. Their biological properties make these natural
substances interesting compounds as antifungal and bio-control agents in sustainable agriculture,
as replacement for chemicals in order to reduce the environmental impact. In particular, recent
investigations confirmed the efficacy of alfalfa saponin preparations in controlling rice blast
disease with comparable or even higher efficacy, than the commercial formulation currently used
in field (Abbruscato et al., 2014).
In this study, purified saponins from Medicago sativa have been tested in vitro as antifungal
agents and for their ability to inhibit the growth of Fusarium verticillioides and the related
accumulation on fumonisins.
Materials and Methods
Fusarium isolates
F. verticillioides toxigenic strain #294 was maintained on Potato Dextrose Agar (PDA) medium in
Petri dishes, at 26°C with a photoperiod of 16h light / 8h dark. To preserve toxigenic potential, at
regular intervals of time, subcultures were performed, taking a portion of mycelium from the front
of fungal colony and plating it on fresh PDA medium. Spore suspensions were prepared washing
the plate surface with 12 ml of sterile distilled water (SDW) and filtered through sterile gauze; the
spore suspension was adjusted to the final desired concentration with SDW using a Bürker
haemocytometer.
Fusarium in vitro radial growth assay
An in vitro radial growth inhibition assay, to evaluate the inhibitory effect of saponins on growth
and development of F. verticillioides growth, was adopted as described in Lanzanova et al. (2011).
Different amounts of saponins from leaf, root, and prosapogenins (0,25 mg, 0,5 mg, 1 mg and 2
mg/plate) were uniformly distributed on the surface of 55 mm Petri dish with 5 ml PDA. Plates
were inoculated with 100 spores of #294 F. verticillioides strain (experimental colony unit); the
colony diameter was evaluated from 2 to 7 Days After Inoculation (DAI). As controls, Fusarium
experimental colony unit on PDA and on 50% Ethanol, (saponin dissolving solution) treated plates,
were used. Five replicates for each treatment were considered for each experiment, and the
experiment was performed twice. Fungal growth was determined by measuring the colony radial
growth, as average of three measurements per plates. Radial growth was used to calculate
inhibition percentages as follows:
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Inhibition (%) = 100 ( RG control- RG sample)/ RG control
Fumonisin production
After 7 DAI the fungal growth is blocked by placing the plates containing the Fusarium mycelium at
4°C for one day. PDA medium (5 ml) and the mycelium were ground in 70% methanol using mortar
and pestle and the extract was filtered through Whatman filter paper No. 1.
The extract was used for the quantification of fumonisin content according to Ridascreen
fumonisin test kit (r-Biopharm), as reported by Berardo et al. (2011). Two replicates for each
treatment were considered for each experiment, and the experiment was performed twice. The
percentage of inhibition was calculated with respect to 50% ethanol treated plates.
Results and Discussion
Effect of saponins on in vitro radial growth
The effect of different amounts (0,25 mg, 0,5 mg, 1 mg, and 2 mg) of saponins from root and leaf
and prosapogenins on #294 F. verticillioides strain progression was evaluated by measuring the
radial growth of the fungal mycelium from 2 to 7 DAI. A similar fungal growth progression for
controls and treatments, between 2 and 3 DAI, was observed; additionally, the progression of the
controls (on PDA and 50% ethanol treated plate), have a very similar trend up to 7 DAI. At the 7th
day after the inoculation, the inhibitory effect on fungal growth ranged from 41,60% in presence
of 2 mg of saponins from leaf to 14,20% with 0,25 mg of prosapogenins (Table 1).
Treatment
Saponins Leaf
Saponins Root
Prosapogenins

Min
18,00%
18,60%
14,20%

Max
41,60%
41,30%
23,80%

Table 1: Minimum and maximum percentage of inhibition of fungal growth with different amount
of saponins respect to ethanol 50%
Effect of saponins on fumonisin content
After 7 DAI, PDA medium (5 ml) and the mycelium grown on all treatment, were ground in 70%
methanol using mortar and pestle and the extract was filtered through Whatman filter paper No. 1
to extract fumonisins; ELISA test was conducted to evaluate mycotoxin content. The effect of
inhibition on fumonisin accumulation was more marked for saponins compared to prosapogenins;
it ranged from 99,77% using 2 mg of root saponins to 14,84% with 0,25 mg of root sapogenins
(Table 2).
Treatment
Min
Max
Saponins Leaf
19,55% 79,82%
Saponins Root
14,84% 99,77%
Prosapogenins 34,20% 64,10%
Table 2: Minimum and maximum percentage of inhibition of fumonisin content with different
amount of saponins respect to ethanol 50%
The present study has shown that saponins from Medicago sativa are able to inhibit the growth of
F. verticillioides and subsequent fumonisin accumulation in an in vitro bioassay. The fungal growth
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inhibition with saponins extracted from root and leaf was very similar; fumonisin content was
highly inhibited with 2 mg of saponins extracted from root. The inhibitory effect decreased
reducing amounts of bioactive compounds tested in the research. Additional studies are necessary
to verify the effectiveness and long-term persistence of these treatments.
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Sintesi
Lo scopo principale del progetto di collaborazione bilaterale tra Italia e Canada (CANADAIR)
implica la complementazione e integrazione di dati di espressione e l’identificazione di geni
comuni regolati durante la risposta all’attacco dei due principali patogeni fungini endemici nei due
areali Fusarium verticillioides (Italia) e Fusarium graminearum (Canada), che potrebbero agire
come marker funzionali di resistenza ad entrambe le patologie.
L’obiettivo generale della ricerca proposta mira allo sviluppo di una piattaforma tecnologica per i)
ridurre il carico di micotossine (fumonisine) sulla granella del mais mediante lo sviluppo di piante
dotate di resistenza alla contaminazione da parte di funghi tossigeni; ii) identificare fattori genetici
necessari per ridurre le contaminazioni fungine durante le fasi di pre-raccolta; iii) mettere a punto
tecnologie analitiche in grado di identificare genotipi resistenti e di produrre linee ed ibridi da
impiegare nelle aree maidicole del centro-nord Italia con maggiore rischio di contaminazione.
Recenti attività di selezione condotte presso CRA MAC avevano consentito di identificare 4 linee
inbred di mais italiano che esibivano un diverso comportamento di resistenza/suscettibilità al
patogeno micotossigeno Fusarium verticillioides, endemico nelle zone a vocazione maidicola
dell’areale italiano. Questi materiali genetici, insieme a materiali canadesi precedentemente
selezionati per risposta differenziale a Fusarium gramineaum, patogeno presente nell’areale
canadese, sono stati interscambiati tramite un transfer agreement e infettati artificialmente
secondo un protocollo comune, con il patogeno endemico del paese ricevente.
Secondo un protocollo sperimentale comune presso CRA MAC le spighe di tutte le linee italiane e
canadesi sono state auto fecondate e, a 15 giorni dopo l’impollinazione, infettate artificialmente
utilizzando il protocollo KIA (Kernel Inoculation Assay) con una sospensione di 106 spore/ml di F.
verticillioides. Analogamente, il partner canadese ha condotto lo stesso disegno sperimentale
utilizzando il patogeno F.graminearum. Sono state condotte due diverse tipologie di inoculo
artificiale: i) inoculo singolo per fenotipizzazione alla raccolta mediante analisi di estensione del
micelio sulla spiga e dal punto di inoculo e quantificazione delle fumonisine accumulate nella
granella; ii) inoculo multiplo sulla fascia medio basale della spiga per analisi molecolari. A tal fine, è
stata condotta un’analisi trascrittomica (RNA messaggero), mediante RNA-Seq (utilizzando la
piattaforma Illumina Genome Analyser IIx) di 2 linee inbred di mais italiane (1 resistente e 1
suscettibile a F. verticillioides) e 2 linee RIL canadesi (1 resistente e 1 suscettibile a F. graminearum
). Gli RNA sono stati estratti presso il CRA MAC partendo da spighe di mais raccolte a 1 e 5 giorni
dopo l’infezione; come controllo si è campionato materiale non infettato e materiale inoculato con
acqua sterile sempre prelevato a 1 e 5 giorni dopo l’inoculo. Sono state analizzate tre repliche
biologiche per ogni linea e trattamento.
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I numerosi dati di RNA-Seq sono in corso di elaborazione in collaborazione con i colleghi di CRA
GPG e con la partner canadese Linda Harris che sta conducendo la stessa tipologia di indagine,
sottoponendo gli stessi materiali italiani e canadesi all’inoculo con il patogeno fungino
F.graminearum, particolarmente interessante nell’areale canadese. L’interscambio dei dati raccolti
e analizzati permetterà, infine, di identificare geni comuni regolati durante l’attacco da parte di
questi due patogeni fungini che potranno essere utilizzati quali marker di resistenza a queste
patologie.
Introduction
Within the framework of the CANADAIR project, a bilateral collaboration between CRA-MAC
(Maize Research Unit of Bergamo-Italy) and ECORC (Agri-Food Canada, Eastern Cereal and Oilseed
Research Centre-Ottawa), will allow achieving a complementation and integration of
transcriptome data, and the genes that are regulated during maize response both to Fusarium
graminearum and Fusarium verticillioides will be identified. Commonly regulated genes could act
as functional markers of resistance in both diseases. The tests performed on maize lines will allow
the identification of genetic materials with affordable resistance to both pathogens.
We at CRA-MAC, recently focused its research activity on the identification of genetic and
molecular bases of maize resistance to F. verticillioides through i) artificial inoculation screening of
genotypes from breeding programs using the KIA (Kernel Inoculation Assay) on sib crossed plants
and ii) implementation of differentially gene expression through a RNAseq experiment.
From previous studies (Balconi et al., 2014) four Italian inbred lines showed differential patterns of
susceptibility (Lo 43, Lo 186) or resistance (Lo 18, Lo 435) to F. verticillioides. These materials have
been used in transcriptome analyses.
The ECORC research Group of Linda Harris is involved in the investigation of transcriptional
changes taking place during maize/ F. graminearum interaction. The Canadian group carried out
transcriptional analyses of resistant and susceptible maize genotypes, analysing changes in kernel
tissues. In addition, the ECORC group has developed a recombinant inbred line (RIL) population
(F6) of >400 lines derived from CO441 (resistant) x B73 (susceptible), segregating for resistance to
F. graminearum. Four RIL lines (RIL 19, RIL 77, RIL 226 resistant and RIL 278 susceptible to F.
graminearum) have been used in transcriptome analyses.
The collaboration implied the exchange of materials and data during 2012-2014 period. RNAseq
results will be shared in order to highlight the most repeatable and therefore affordable data.
During 2013 season, most F. verticillioides resistant and susceptible lines identified by CRA-MAC
were tested for F. graminearum resistance by the ECORC group; similarly, the most resistant and
susceptible RILs identified by ECORC were provided to CRA-MAC and tested through field artificial
inoculation for resistance to F. verticillioides.
Materials and Methods
At 15 DAP (Days After Pollination) the different materials (Table 1) have been inoculated with a
mix of two toxigenic F. verticillioides strains (106 spores/ml) with a multi inoculation assay on sib
crossed plants (Figure 1A). At 1 and 5 DAI (Days After Inoculation) 4 ears/treatment as biological
replicates (non-inoculated, sterile water inoculated as internal control and Fusarium inoculated
were harvested for molecular analyses (data not shown).
For phenotyping at 15 DAP the same materials have been inoculated with the same concentration
of spores with a single inoculation assay (Figure 1B). At harvest time different parameters such as
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visual rating score (Reid et al., 1996), Number of Infected Kernels at the inoculation point (NIK),
and fumonisin content, were evaluated.
CRA-MAC Italy
Lo 18

resistant to F. verticillioides (R-Fv)

Lo 43

susceptible to F. verticillioides (S-Fv)

Lo 186

susceptible to F. verticillioides (S-Fv)

Lo 435

resistant to F. verticillioides (R-Fv)

AAFC-ECORC Canada
RIL 19

resistant to F. graminearum (R-Fg)

RIL 77

resistant to F. graminearum (R-Fg)

RIL 226

resistant to F. graminearum (R-Fg)

RIL 278

susceptible to F. graminearum (S-Fg)

Table1: Maize genotypes under study

Figure 1: Different inoculation assays
A
Multi Inoculation-Molecular analyses

B
Single Inoculation-Phenotyping

Results and Discussion
Single inoculation-Phenotyping
The extension of the mycelium during 2013 season, as Number of Infected Kernels at the
inoculation point (NIK) was wider for the susceptible genotypes compared to resistant, both for
the inoculation with water and Fusarium. The extension of the mycelium NIK, ranged respectively
between 3 to 32 for water inoculation and between 3 and 25 for Fusarium inoculation (Table 2).
For all genotypes a greater accumulation of fumonisin under inoculation with Fusarium than with
water was observed (Table 2). The presence of mycotoxins also in the control inoculated with
water and in the background (not-treated) pointed out the presence of endemic Fusarium strains
able to produce fumonisins.
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Table 2: Range for NIK and fumonisins in water and Fusarium treatments
Treatment
NIK
Fumonisins (mg/Kg)

Water
3-32
890-31000

F.verticillioides
3-25
11000-218000

Table 3: Relative ranking of inbred and RILs lines from the smallest to the greatest number of infected
kernels at the inoculation point (Rank1) and from the smallest to the greatest fumonisins accumulation
(Rank2).
Genotype
Lo 018
Lo 043
Lo 186
Lo 435
RIL 19
RIL 77
RIL 226
RIL 278

NIK-Rank1
3
4
5
2
2
1
2
4

Fumonisins-Rank2
3
8
6
4
2
1
5
7

Considering the different genotypes, the relative ranking for both NIK and fumonisins
accumulation (mg/Kg) for all susceptible genotypes was higher than resistant materials (Table 3).
Preliminary data suggest that Canadian materials selected for resistance/susceptibility to F.
graminearum maintained the same trend also under F. verticilliodes inoculation.
Multi inoculation-Molecular analyses
The analysis of transcripts differentially expressed under inoculation with F. verticillioides under
sterile water or fungal inoculation at 1 and 5 DAI in resistant and susceptible to F. verticillioides
lines (Lo 018- Lo 043) and in resistant and susceptible F. graminearum lines (RIL 226, RIL 278) are
in progress.
In conclusion, preliminary phenotyping data about NIK and data about fumonisin accumulation
suggest that Canadian materials selected for susceptibility/resistance to F. graminearum
maintained the same trend also under F. verticillioides inoculation.
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Sintesi
La contaminazione degli alimenti zootecnici da parte di micotossine prodotte dal genere Fusarium
rappresenta un problema di crescente interesse per la bovina da latte. A livello di allevamento, la
soluzione generalmente adottata è quella di fare ricorso a sostanze adsorbenti in grado di ridurre,
nel tratto digerente dell’animale, il livello di assorbimento della micotossina, favorendo la sua
eliminazione con le feci. La tipologia di adsorbente che sembra avere maggiore efficacia in questi
casi è quella basata sui polimeri di glucomannani (PGA), derivati dalla parete cellulare dei lieviti. Lo
scopo del nostro studio è stato quello di esaminare se vi possano essere interazioni di questo
trattamento con la disponibilità di minerali e altri nutrienti (macro e micro), con ripercussioni su
alcuni aspetti della fisiologia della bovina, con particolare riferimento al profilo ematologico. Per
questo, due gruppi di 18 bovine ciascuno sono stati alimentati per 6 settimane, ad inizio
lattazione, con una dieta comune senza (CON) o con (ADS) aggiunta di 20 g/capo/d di un
adsorbente PGA. Sono stati effettuati prelievi di sangue a cadenza settimanale per poter
esaminare il profilo ematologico e, sul plasma, la concentrazione di calcio, magnesio, fosforo
inorganico, sodio, potassio, cloro, ferro e il livello di alcune attività enzimatiche (ALT, AST e GGT)
connesse alla integrità e funzionalità epatica. Il profilo ematologico dei due gruppi di animali non
ha evidenziato alterazioni conseguenti all’impiego di PGA; l’unica differenza è stata la tendenza a
un minore livello di linfociti nelle bovine CON, quale probabile risultato della seppur lieve
contaminazione da micotossine, dalla quale il gruppo ADS è risultato estremamente protetto. La
disponibilità apparente dei minerali nel plasma dei due gruppi porta a ritenere che il trattamento
con PGA non interferisca sul metabolismo degli stessi nella bovina a inizio lattazione.
Introduction
The contamination of feeds with mycotoxins from Fusarium spp. is a problem of growing interest
for dairy cows. The main mycotoxins are zearalenone (ZEA) and deoxynivalenol (DON) produced
by F. graminearum and fumonisins produced by F. verticilloides and some of them or their
metabolites are detectable also in on-farm produced maize silages (Abeni et al., 2014). It is
important to know the actual exposure of the cows to these mycotoxins to be able to prevent or
stop early the problem, since a chronic exposure to low levels of mycotoxins can cause nonspecific symptoms, such as impaired immune system, increased infection incidence or metabolic
and hormonal imbalances (Abeni et al., 2014). The on-farm solution is often represented by the
use of binders that may prevent mycotoxin absorption along the digestive tract in the cow. This
problem seems well managed when polymeric glucomannan-based adsorbents (PGA) are used.
Many kinds of adsorbents are actually available due to their ability to bind one or more
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mycotoxins, but these feed additives may also have some adverse effects. For example, they can
interfere with the availability of some essential nutrients (generally minerals) to the animals;
decrease DM and ADF digestibility; change liquid fractional rate of passage (% h) and rate of flow
(L/h); or, more simply, subtract “space” for nutrients. The clay-based adsorbents are the more
studied for these possible secondary effects. The PGA derive from yeast cell wall; therefore, this
kind of product is characterized by numerous different and easy accessible adsorption centers
including different adsorption mechanisms (H-bonding, ionic, or hydrophobic interaction). Their
use seems to obtain very good results on Fusarium mycotoxins, but no data on secondary effects
are actually available. The aim of our study was to evaluate possible secondary effects from the
supplementation of a PGA in the diet of early-lactating dairy cows on hematological features,
plasma mineral contents and enzyme activities.

Materials and Methods
Two groups of 18 cows each during the first 6 wk of lactation were fed a corn silage-based diet
(Table 1) supplemented (top dressing method) with 500 g of a barley flour-flaked corn mixture
with (ADS) or without (CON) 20 g/d/cow of a commercial PGA. The two groups were comparable
for age at calving, 40.9 ± 15.6 and 40.1 ± 15.7 mo, and lactation number, 1.67 ± 0.84 and 1.76 ±
1.09, for CON and ADS, respectively. The concentrates were bought in the respect of the EC limits
for the contamination with undesirable substances in animal feeds. Blood samples were drawn at
7 d intervals starting the first week after calving, from the jugular vein in the morning, before feed
distribution, using evacuated tubes with K3EDTA (for hematological profile) or with Li-heparin (for
plasma separation) as anticoagulant. The complete hematological profile consisted of red blood
cell count (RBC, M/PL), hemoglobin (HGB, g/dL), mean corpuscular volume (MCV, fL), mean
corpuscular hemoglobin (MCH, pg), and mean corpuscular hemoglobin concentration (MCHC,
g/dL); platelet count and features; total white blood cell count (WBC, K/PL) and their populations.
The samples were analyzed by an automated analyzer (Cell Dyn 3700, Abbott Diagnostics, Roma,
Italy). At the same time, Li-heparin blood samples were immediately centrifuged at 3000 g x for
20’ at 4°C and the separated plasma was stored at –20°C until analysis. Plasma was analyzed for
calcium (Ca), inorganic phosphorus (iP), magnesium (Mg), sodium (Na), potassium (K), chlorine
(Cl), iron (Fe), and enzymatic activities related to liver function (alanine aminotransferase, ALT;
aspartate aminotransferase, AST; J-glutamyltransferase, GGT). All the plasma variables were
determined at 37°C by an automated clinical analyzer (ILAB Aries, Instrumentation Laboratory,
Lexington, MA) using commercial kits (Instrumentation Laboratory, Lexington, MA).
Statistical analysis
A preliminary test was performed to assess the normal distribution of the data by PROC
UNIVARIATE (SAS, 2009), with the Shapiro-Wilk’s test. The variables that did not fit the normal
distribution were re-tested after log-transformation to match the assumption for a parametric
analysis; their results are presented in the original scale after re-transformation. Data were
analyzed as repeated measures by a linear mixed models with diet (D, CON vs ADS), week from
calving (T), and their interaction (D*T) as main factors, with cow within diet treatment considered
as random. The best covariance structure was selected according to the AIC as the one which best
fitted the data among SIM, CS, ANTE(1), AR(1), UN. Data are presented as means ± s.e. (c.i. for retransformed data). Differences are defined significant for P < 0.05, whereas a trend is considered
when 0.05 > P < 0.10.
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Results and Discussion
All the considered hematological parameters were unaffected by PGA supplementation (P > 0.05)
(Table 2). A trend was recorded for MCHC (higher in CON than ADS), and for lymphocyte (lower in
CON than ADS. The difference in MCHC between groups was very low and, considering the lack of
difference in MCV, it does not support a relationship between PGA and iron availability. The lower
lymphocyte percentage in CON than ADS group suggests to further investigate on the possible
contamination of mycotoxins (even within the EU limits) in the used feeds; therefore, a possible
action of PGA in the reduction of their availability to the animal may be supposed.
No significant differences were evidenced between groups for the investigated blood parameters.
The addition of the tested binder had no significant effect on plasma Ca, inorganic P, Na, K, Cl, nor
on iron concentrations, suggesting the PGA did not interfere with mineral availability in early
lactating cows. Similarly, no diet effects were reported on plasma AST, ALT, or GGT activities nor
on the AST:ALT activities ratio (Figure 1). All these variables had also a normal pattern at 3, 4, and
5 wk. A higher value in ADS at 6 wk (the same time when plasma Fe tended to differ between
groups) seems not interpretable as a trend to hemolysis, no evident in fresh plasma at our
laboratory examination.
The overview on our results suggests how the PGA based adsorbent (at least in our experimental
conditions) did not seem to affect cow plasma mineral in the short period during the first 6 wk of
lactation. This is an important result because the postpartum and early lactation are critical
periods for the role of some micronutrients, and particularly for Fe, to support immunity and
erythrocyte function. This conclusion lead us to use the adsorbent according to the suspect of
possible mycotoxin contamination without further integration in mineral nutrients and without
problems on liver condition. Further research will be necessary in trials lasting at least 3 mo, which
better mirror possible negative effects in the turnover of erythrocytes.
Table 1. Composition and analysis of the basal diet.
Composition
Corn silage
Alfalfa hay
Commercial concentrate
Corn flaked
Cottonseed
Barley meal
Mineral salts

kg
26.0
4.5
4.5
3.0
1.0
1.0
0.4

Parameters
DM, % as fed
CP, % DM
NDF, % DM
ADF, % DM
Fat, % DM
Starch, % DM
Ash, % DM

52.34
14.69
34.27
20.05
3.74
30.64
6.05

Table 2. Hematological parameters of the two experimental groups during the 6 wk trial period.
Items

White blood cells (WBC), k/PL
Neutrophils, % of WBC
Lymphocytes, % of WBC
Monocytes, % of WBC
Eosinophils, % of WBC
Basophils, % of WBC

ADS
(mean ± SE /C.I.)

CON
(mean ± SE /C.I.)

7.07
(6.48-7.71)
44.66 ± 2.03
41.91 ± 1.67
11.54 ± 0.61
1.08 ± 0.19
0.79 ± 0.12

7.55
(6.93-8.22)
48.91 ± 1.98
37.60 ± 1.62
10.97 ± 0.59
1.43 ± 0.19
0.92 ± 0.12
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Diet (D)

P value
Time (T)

D*T

-

-

-

0.073
-

0.030
<0.0001
<0.0001
<0.0001

0.061

Red blood cell count, M/PL
Hemoglobin (HGB), g/dL
Hematocrit, %
Mean corpuscular volume, fL
Mean corpuscular HGB, pg
Mean corpuscular HGB
concentration, g/dL
Red cell distribution width, %
Platelets, K/PL

6.17 ± 0.13
11.34 ± 0.18
28.58 ± 0.46
46.44 ± 0.67
18.44 ± 0.26
39.72 ± 0.12

6.10 ± 0.12
11.47 ± 0.18
28.69 ± 0.45
47.18 ± 0.66
18.87 ± 0.25
40.03 ± 0.11

0.066

0.023
<0.0001
<0.0001
<0.0001
<0.0001
0.005

-

20.26 ± 0.28
485.4 ± 21.27

20.72 ± 0.27
505.5 ± 20.75

-

<0.0001

-

Ca

Inorganic P

2.80

2.00
NS

1.60

2.40
ADS

mmol/L

mmol/L

NS

1.80

2.60

CON

2.20

1.40
1.20
ADS

1.00

CON

0.80
0.60

2.00

0.40
0.20

1.80

0.00
2

3

4

5

6

7

2

3

Week from calving

4

5

6

7

Week from calving

Fe

AST:ALT

22.0

6.0
5.0

18.0

4.0

ratio

Pmol/L

NS
20.0

P < 0.10

ADS

16.0

CON

ADS

3.0

14.0

2.0

12.0

1.0

CON

0.0

10.0
2

3

4

5

6

2

7

3

4

5

6

7

Week from calving

Week from calving

Figure 1. Plasma Ca, inorganic P, Fe, and AST:ALT ratio during the experimental period in CON and ADS
groups (data are reported as LS means ± SE).
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Sintesi
Fusarium verticillioides è un patogeno fungino micotossigeno, agente causale del marciume rosa
della spiga del mais, che può anche infettare endofiticamente la pianta e le cariossidi senza
sintomi visibili. In condizioni climatiche favorevoli il patogeno può sintetizzare fumonisine, una
famiglia di micotossine considerate carcinogeniche sia per gli animali sia per l’uomo. L’obiettivo di
questo studio è stato quello di saggiare la possibilità di ridurre l’infezione da F. verticillioides in
mais mediante trattamento del seme con isolati selezionati del fungo benefico Trichoderma. E’
stato condotto quindi uno screening preliminare in vitro per antagonismo nei confronti del
patogeno. Dei 238 isolati saggiati, 11 sono stati capaci di inibire del 60% la crescita delle colonie e
la sporulazione del patogeno in vitro. Tre degli 11 isolati, identificati come appartenenti alle specie
T. gamsii (IMO5 e B21) e T. harzianum s.l. (B75), hanno anche ridotto del 70% l’infezione radicale,
in una prova in vivo su terreno inoculato con il patogeno. Questi 3 isolati sono stati quindi saggiati
in serra per la capacità di indurre resistenza sistemica in planta nei confronti di F. Verticillioides, in
seguito ad applicazione al seme . Dopo inoculo degli steli, le foglie sono state campionate, per la
successiva analisi di espressione di geni marker di resistenza indotta sia di tipo ISR (lox, aos, hpl,
ctr1) sia di tipo SAR (pal, pr1, pr5, opr2). L’analisi condotta tramite tecniche di Real time PCR ha
permesso di evidenziare che IMO5 aveva indotto risposte di tipo ISR, essendo aumentata
l’espressione di lox, aos, hpl, mentre B21 aveva provocato risposte di tipo SAR, dato il chiaro
aumento dell’espressione dei geni pr1 e pr5. L’effetto di resistenza indotta è stato verificato anche
tramite quantificazione del DNA del patogeno nella porzione di stelo al di sopra del punto di
inoculazione. Tale quantità è risultata inferiore nelle piante ottenute da semi trattati con
Trichoderma rispetto a quelle da semi non trattati. I 3 isolati sono stati saggiati poi per la capacità
di inibire la produzione di fumonisine da parte del patogeno: B21 e B75 hanno ridotto la capacità
di produrre fumonisine in co-coltura liquida, rispetto al controllo non inoculato con Trichoderma.
B21 è stato inoltre capace di degradare le fumonisine presenti nella coltura liquida nella misura del
20% in 10 giorni. I risultati ottenuti suggeriscono che il trattamento del seme di mais con gli isolati
selezionati può indurre resistenza sistemica nell’ospite e ridurre l’infezione radicale da F.
verticillioides. Un isolato ha mostrato anche un potenziale effetto nei riguardi della fumonisine.

Introduction
In northern Italy, maize kernels are frequently contaminated by mycotoxins, like fumonisins,
produced by F. verticillioides, the causal agent of pink ear rot. Under favourable environmental
conditions, the infection can occur i) by conidia delivered by the wind or raindrops on the mature
silks or carried by the European corn borer ii) by root infection from infected residues in soil iii) by
endophytically infected seeds. Crop protection by fungicide spraying is not allowed in Italy, thus
the choice of less susceptible genotypes and the adoption of good agricultural practices aimed at
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reducing abiotic and biotic plant stresses (European corn borer) can help in reducing kernel
contamination. A promising option could be the use of biological control agents. Among these,
Trichoderma spp. are common non-pathogenic soil filamentous fungi which can be both
antagonist to pathogens and beneficial for plants (Lorito et al., 2010). Antagonism is exerted by
multiple mechanisms, like mycoparasitism, production of toxic metabolites and lytic enzymes,
competition, colonization of the infection site. Beneficial activities include priming, growth
promotion, increased N use efficiency, increased nutrient uptake, alleviation of ROS toxicity,
alleviation of abiotic stresses and, particularly, induced resistance, which is the ability of inducing a
systemic defence response after a localized application. Whether Trichoderma provokes Induced
Systemic Resistance (ISR) or Acquired Systemic Resistance (SAR) mechanisms is still controversial.
The former involves the salicylic acid pathway and the expression of Pathogenesis Related (PR)
proteins and it is typical of necrotrophic pathogens. The latter involves jasmonic acid/ethylene
pathway without PR proteins modulation, and it is typical of growth promoting rhizobacteria. Up
to now, few studies have been carried out on induced resistance in monocotyledons and little is
known about maize-Trichoderma-F. verticillioides interactions (Sobowale et al., 2007). The aim of
this work was to test the possibility of controlling F. verticillioides infection in maize by selected
bioagents (Trichoderma) applied as seed treatment. In this way, Trichoderma could act both
locally, as antagonist, reducing root infection, and systemically, as a resistance inducer, contrasting
later infection. Firstly, a large screening of Trichoderma isolates was performed for antagonism
towards F. verticillioides, both in vitro and in vivo. Then, selected isolates were used to treat maize
kernels to study possible induced systemic resistance effects in planta in a greenhouse
experiment. Preliminary investigations on the ability of Trichoderma to inhibit fumonisin
production or to degrade them were also carried out.
Materials and Methods
Preliminary screening
N. 238 Trichoderma spp. isolates (CRA-CIN collection) were tested for antagonism against F.
verticillioides, by dual culture in Petri dishes, recording the growth inhibition of the pathogen
colony and the ability of Trichoderma to sporify over or to prevent the pathogen from sporifying.
Kernels treated with spore suspensions of 11 selected Trichoderma isolates were sown in soil
inoculated with F. verticillioides, then plated roots were scored for infection.
Greenhouse experiment
Kernels were treated with the liquid culture of 3 selected Trichoderma isolates and the obtained
stems were inoculated with F. verticillioides. Expression analysis for the following genes was
carried out on leaf samples, with Real time PCR technique: lox, aos, hpl, ctr1 (ISR markers), and
pal, pr1, pr5, opr2 (SAR markers). Primers were optimized, as verified by the analysis of the
melting curves and by the sequences of the amplycons obtained. Gene expression data have been
analyzed by Pfaffl method, utilizing 2 reference genes for normalization. At the end of the
experiment plant height was also recorded and root colonization by Trichoderma was checked.
Freeze-dried portions of the stem above the inoculation point were analyzed for pathogen DNA
content, with Real time PCR technique, using specific primers for F. verticillioides. The 3
Trichoderma isolates have been identified based on ITS1/2, tef1a e RPB2 sequence analysis.
Effect on fumonisin: 1) F. verticillioides and selected Trichoderma isolates were co-cultured in
fumonisin-inducing liquid medium to monitor the effect on fumonisin production. 2) Liquid
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cultures of selected Trichoderma isolates were added with fumonisin to monitor concentration
variations. In both cases fumonisin concentration was assayed by means of an ELISA kit.

Results and Discussion
Preliminary screening: the growth inhibition of the pathogen colony ranged from 20 to 70% (Fig.
1A). Out of the 238 isolates assayed, 11 isolates provoking over 60% inhibition of the pathogen
colony growth and ability to sporify over were selected for the bioassay in vivo. Only 3 (IMO5, B21,
B75) showed also an effective root infection reduction (70%) (Fig. 1B).

A

B

Figure 1. Preliminary screenings: A) Dual cultures of F. verticillioides (pink colonies) and Trichoderma; B)
rootlets colonized by Trichoderma (left) or by F. verticillioides (centre and right).

pg DNA Fv /12,5ng total DNA

Greenhouse experiment
All the 3 Trichoderma isolates were able to colonize maize roots. IMO5 significantly promoted
plant growth, but also induced a significant increase of total black necrotic area around the
infection site. All the 3 isolates significantly inhibited pathogen development into the stem in
comparison with untreated control (Fig. 2), meaning that Trichoderma seed treatment produced a
systemic response able to reduce the endophytic development of the pathogen.

9
8
7
6
5
4
3
2
1
0
NT/FV-

NT/FV+

B21/FV+

B75/FV+

IMO5/FV+

Figure 2. Pathogen DNA quantitation in the stems obtained from Trichoderma (B21, B75, IMO5) treated
seeds, 15 days after inoculation (FV+), in comparison with not treated (NT) plants.
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All the 3 isolates induced systemic resistance responses in the leaves, with varying mechanisms
and intensity depending on the isolate. In particular, IMO5 enhanced the expression of lox, aos
and hpl genes (Fig. 3A), suggesting the activation of ISR-type mechanisms. On the contrary, B21
particularly enhanced pr1 and pr5 (Fig. 3B) and pal and opr2 to a lesser extent, which are all
marker genes for SAR-type responses. This means that Trichoderma can induce in maize
challenged with F. verticillioides both ISR and SAR responses, depending on the isolate. Recently
Ferrigo et al. (2014) highlighted the ability of a commercial strain of T. harzianum to induce ISR
responses
in
maize
against
F.
verticillioides.
A

B

Figure 3. Hpl gene expression induced by IMO5 (A) and Pr1 gene expression induced by B21 (B) in maize
leaves 0, 24, 48 and 96 h after pathogen inoculation (FV+) in comparison with control (NT);

IMO5 and B21 were identified as belonging to T. gamsii, while B75 belongs to T. harzianum s. l.
clade II. The isolates were deposited at the Canadian Collection of Fungus Cultures.
Effect on fumonisin: B21 and B75 reduced fumonisin production in liquid co-culture (Fig. 4A). B21
was also able to degrade by 20% fumonisin concentration in liquid culture in 10 d (Fig. 4B).
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Figure 4. A) Fumonisin concentration in liquid co-coltures of F. verticillioides and Trichoderma
(IMO5, B21 and B75) at 0, 7 and 14 d post inoculation with Trichoderma, in comparison with the
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control without Trichoderma (T-); B) Residual fumonisin concentration in liquid cultures of
Trichoderma B21, B75 or IMO5, 10 days after the addition.
In conclusion maize seed treatment with selected Trichoderma isolates may represent a
sustainable option to reduce root infection by F. verticillioides and to induce systemic responses
towards later attack. A potential effect on fumonisin degradation has also been highlighted.
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Sintesi
Il consumatore è sempre più attento e informato nel considerare gli aspetti nutrizionali, dietetici e
salutistici dell’alimentazione anche perché la percezione del cibo si è notevolmente evoluta negli
ultimi anni. Da fonte primaria di energia, l’alimento è nel tempo diventato una fonte di proteine,
di vitamine e, infine, di minerali. Oggi l’aspettativa principale del consumatore è che una corretta
alimentazione possa prevenire l’insorgenza di malattie, riducendo i costi sanitari per la società, e
promuovere utili funzioni per l’organismo. Queste nuove esigenze e l’accresciuto interesse per gli
aspetti nutrizionali legati all’alimentazione offrono un’opportunità irripetibile per l’industria
alimentare, alla continua ricerca di innovazione. In tale contesto rivestono un ruolo ed
un’importanza crescenti gli alimenti funzionali, caratterizzati da proprietà addizionali a quelle
nutrizionali, dovute alla presenza di componenti naturalmente presenti, o aggiunti come
ingredienti, che interagiscono più o meno selettivamente con una o più funzioni fisiologiche
dell’organismo, in modo tale che risultino evidenti un miglioramento dello stato di salute e di
benessere e/o una riduzione del rischio di malattia. Esempi di alimenti funzionali sono i cibi che
contengono determinati minerali, vitamine, acidi grassi o fibre alimentari, quelli addizionati con
sostanze biologicamente attive, come i principi attivi di origine vegetale, e i probiotici, colture vive
dotate di proprietà benefiche. Il fatturato mondiale degli alimenti funzionali, probiotici inclusi
(intesi come alimenti contenenti una dose adeguata di microrganismi vivi con una capacità
scientificamente documentata di conferire un beneficio per la salute dell'ospite) è stimato in circa
30 miliardi di dollari. Negli anni l’industria ha modificato la propria strategia di innovazione
conformandosi ai comportamenti e alle esigenze del consumatore, sempre più consapevole del
ruolo e dei benefici nutrizionali associati agli alimenti, anche se c’è ancora molto da fare sul piano
della comunicazione, della etichettatura e della sperimentazione (Giraffa 2011; 2012).
Il settore lattiero-caseario è leader nello sviluppo di prodotti probiotici e funzionali: da quelli a
basso impatto calorico (parzialmente o totalmente scremati) a quelli arricchiti in peptidi bioattivi,
ʘ3, minerali, vitamine e fibra fino agli alimenti ad azione ipocolesterolemizzante. In tale contesto,
i reflui caseari (siero, scotta), per il loro elevato contenuto in sostanze organiche, sono considerati
dei rifiuti speciali per lo smaltimento, ma possono anche rappresentare una fonte di composti ad
elevato valore nutrizionale. Con queste premesse, il Workprogram 2 (WP2) all’interno del progetto
Canadair si è dato come obiettivo generale di realizzare innovazione di prodotto (latti fermentati,
formaggi e bevande) ad elevato valore bio-funzionale attraverso lo sviluppo di tre diverse linee di
ricerca. La prima si è posta l’obiettivo di ottenere un formaggio molle ad elevato contenuto
dietetico/salutistico, funzionalizzato per la presenza di molecole bioattive (esopolisaccaridi, folati)
prodotte da batteri lattici selezionati, ipocalorico e migliorato per gusto e struttura mediante
produzione di esopolisaccaridi microbici prodotti in loco. La seconda linea di ricerca è stata
focalizzata sulla caratterizzazione e valorizzazione di latte di specie minori (latte di asina) in virtù
delle proprietà intrinseche di questo alimento, che per composizione e proprietà è molto simile al
latte umano. In tale ottica è stata caratterizzata la frazione fosfolipidica e oligosaccaridica per la
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valorizzazione di composti ad attività nutraceutica, inoltre è stato anche sviluppato un latte
fermentato d’asina “funzionalizzato” con colture di interesse probiotico e olio di girasole. Infine la
terza attività ha avuto come scopo lo sviluppo di bevande a base di frutta arricchite con scotta, il
sottoprodotto caseario che si ottiene dalla produzione della ricotta, il cui re-impiego, a differenza
del siero, non è ancora stato sufficientemente studiato.
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Sintesi
I folati, composti aventi attività nutrizionale simile all’acido folico, non sono prodotti
dall’organismo umano ed il fabbisogno giornaliero deve essere soddisfatto tramite
l’alimentazione. La capacità di alcuni batteri lattici (LAB) di sintetizzare i folati è di grande interesse
per l’industria alimentare, sia per sostituire la fortificazione degli alimenti con acido folico da
sintesi chimica, sia per sviluppare alimenti fermentati naturalmente bio-arricchiti in folati. La
capacità di produrre ed accumulare folati da parte di Streptococcus thermophilus è stata studiata
con un approccio polifasico. I ceppi potenziali produttori di folati sono stati inizialmente selezionati
ricercando, tramite amplificazione PCR, 4 geni della via biosintetica: pabB, pabC, folK, folP. Per i
ceppi positivi è stata confermata la produzione dei folati totali mediante saggio microbiologico e,
verificata la crescita in terreno sintetico privo di folati, sono stati selezionati ceppi iper-produttori.
Le 3 principali forme di folato prodotte (tetraidrofolato, 5-metiltetraidrofolato, acido folinico) sono
state identificate mediante analisi HPLC. Lo studio dell’espressione genica in RT-PCR di due geni
chiave del pathway dei folati (folK e folP) ha evidenziato livelli diversi di trascrizione in relazione
alla cinetica di fermentazione. Prove di caseificazione su scala di laboratorio hanno confermato la
possibilità di ottenere prodotti fermentati naturalmente arricchiti in folati.

Introduction
Lactic acid bacteria (LAB) are widely used in the food industry. Their main contribution during the
fermentation processes is to produce lactic acid starting from the carbon sources present in the
medium. In addition to the formation of lactic acid, they contribute to the formation of aromatic
compounds and to the definition of the structural characteristics and nutritional value of the
finished product [1]. Interesting technological properties of these microorganisms, are associated
with many functional properties that increase the value of the finished product both from a
nutritional and commercial point of view. Among these properties, the production of watersoluble group B vitamins is one of the peculiarities of some species of LAB (Lactococcus lactis,
Streptococcus thermophilus, Leuconostoc spp. and Lactobacillus plantarum). The B - vitamins
produced by LAB are riboflavin, folic acid and cyanocobalamin [2]. Folates are compounds with
chemical structure and nutritional activity similar to folic acid. Unlike other vitamins, human and
animal organism does not produce folic acid, so the daily requirement must be satisfied with food
intake. The ability to synthesize folates by some LAB is of potential interest to replace the
fortification of foods with chemical folic acid and to develop fermented foods naturally bioenriched in folates. In this work, 30 strains of S. thermophilus have been investigated for their
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ability to accumulate folate. The screening was conducted by molecular and phenotypic tests, and
allowed the identification of some strains able to accumulate significant amounts of folate.

Materials and methods
a) Strains - The S. thermophilus strains used in this study belong to the collection of CRA-FLC.
Strains have been stored frozen at -80° C in the presence of glycerol (20% v /v) as cryoprotection agent.
b) Molecular screening - The total DNA was extracted from colonies grown on plates of M17 agar
according to the protocol described by MicroSeqTM (Life Technologies, Monza, Italy) with ionic
resin Chelex 100 (Sigma-Aldrich, Italy) at 5% of concentration. Four genes belonging to the
biosynthetic pathway of folate (pabB, pabC, folKQ, folPE) were amplified by PCR using primers
(0.5 mM) and amplification conditions described in Table 1.
Gene
pabC
pabB
folK folQ
folP folE

f: CGGACAAGCATAATGAATACTCGGAAT
r: GGATTGATAACCGCTTCTATTGCCGA
f: CCTCAATTCATACAACCCTCTCACA
r: CAGACAAATCTTCACTCACGCCATAA
f: CACTAGTGTCTATTTGACTCAAATCTTTT
r: CGTTTTTATGGCTATCAGGGGGCT
f: GAGATAGTCTTAACGACATCACGATT

Primer lenght
(bp)
27
26
25
26
29
24
26

r: GCAGTCTATCAATTATTGGAAGCTTT
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Sequence (5’Æ 3’)

Amplification
conditions
Denaturation: 94°C,
2 min.
Amplification (30
cycles): 94°C, 30 s;
55°C 30 s; 72°C, 1
min.
Extension:
72°C. 7 min

Table 1 – Primers and thermal cycling conditions used for the amplification of four genes of the folate
biosynthetic pathway; ‘f’ indicates forward primer and ‘r’ indicates reverse primer.

c) Phenotypic screening - The ability to produce folate was assessed by tests of growth in a folate
free culture medium (Folic Acid Casei Medium, FACM, Difco, USA). Cells, grown in M17 broth
and washed in sterile saline solution (NaCl 0.85% w / v), were cultivated at 42 °C for 18 hours.
d) Estimated folate production - The total amount of folate produced by each strains that can
grow in FACM were determined by microbiological assay in microtiter plate, according to the
method of Horne (1997) [3].
e) Gene expression - Gene expression by real time PCR, of two genes belonging to the
biosynthetic pathway of folate (folK and folP, primers and amplification conditions in table 2),
was evaluated for some folate-producers strains, after growth in milk.
Gene
folP

folK
ldh

Sequence (5’Æ 3’)
f: CGCAAGCTGCCTTGGAA
r: CAAAGCCAGGATCAATCCAAA
Probe: (FAM)CAGGTGTAGCTAAAGAA(MGB-NFQ)
f: CTCGCTTTAGCACTTGACACTCA
r: GCCTGACAAGCACTCAGCAA
Probe: (FAM)TTGCCGGCTGAAAG(MGB-NFQ)
f: GTACGTCCAGTAAACATCCCATTG
r: CGGCAGAAGCCTTCATCTTT
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Primer
lenght (bp)
17
21
17
23
20
14
24
20

Amplification
conditions
Denaturazione:
95°C, 10 min.
Amplificazione
(40 cicli): 95°C, 15
s; 60°C, 1 min.

Probe: (FAM)ACGATGCTGAACAAC(MGB-NFQ)
15
Table 2 - Primers and thermal cycling conditions used for the quantitative real time PCR analysis of two
genes of the folate biosynthetic pathway, folP and folK; ‘f’ indicates forward primer and ‘r’ indicates reverse
primer.

f) HPLC analysis - The different forms of folate produced by some strains cultivated in milk, were
separated and partially identified by RP-HPLC chromatography [4] (according to the protocol of
Lawrence 2011, number of reports LGC / R / 2011/180) with fluorescence detector.
Identification was carried out by comparison with commercial standards tetrahydrofolate, 5 –
methyltetrahydrofolate and folinic acid, after optimization of the extraction conditions and
purification of samples [5].
g) Miniature cheese model - Three strains selected among the best producers of folates wich had
also acidifying activity and other interesting technological properties, have been used to
manufacture model cheeses at laboratory scale. A commercial strain low folate producer was
used as control in another processing.

Results and discussion
In this work, the selection of strains of S. thermophilus producing folate began with PCR
amplification, to investigate the presence of four genes of the biosynthetic pathway of folate. This
molecular screening showed the presence of four genes in all 30 strains, not allow distinguishing
non-producing strains from strains potential producers of folate, confirming that the folate
biosynthetic pathway is characteristic of the species S. thermophilus [2, 6]. To verify the ability to
produce folate, all strains were grown in folic acid free medium. This phenotypic screening shown
that only 20 strains can grow in this type of medium. This behaviour reveals their ability to
synthetize folates, chemical compounds necessary for the metabolism and the development of
cells, which play a key role in the biosynthesis of purines and pyrimidines, as well as some amino
acids [5] needed for growth. For strains able to grow in folic acid free medium was subsequently
performed the quantification of total folate produced through a microbiological assay, which
remains the reference method for this type of determination [horne]. The total amount of folate
produced by the strains of S. thermophilus varies from 10 to 70 ng/ml, depending on the strain. All
strains possess the four genes of the biosynthetic pathway, but only 20 were able to grow in folic
acid free medium, so the expression of two genes belonging to the biosynthetic pathway of folate,
folK and folP, is checked in cells grown in milk [5]. In a first test, the levels of gene expression of 14
producer strains were compared to a low strain-producer (St383) used as a reference. This show a
relationship between the ability of folate production and the expression of folP gene. The folP
gene was overexpressed, while folK gene was underexpressed compared to the reference strain.
This tendency was also confirmed in a second test, in which we test the same genes, only on two
strains among the highest producers of folate (St399 and St563) taken at three different growth
stages (T1, at pH 6.2; T2, at pH 5.5; T3 at pH 5.0).
By HPLC analysis the main forms of folate produced were identified. In the figure 1 the
chromatograms of five strains of S. thermophilus (B, C, D, E, F) grown in milk are shown. These
show at least five peaks, of which only two have been identified as 5-MeTHF (peak nr. 2) and 5FmTHF (peak no. 3). There was no significant presence of THF peak nr. 1), while the other forms
have not yet been identified.
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Sintesi
Ceppi di Streptococcus thermophilus sono stati selezionati per la capacità di produrre esopolisaccaridi (EPS) e folati (o vitamina B9). Sono state esanimate le caratteristiche fermentative e
le performance produttive dei ceppi studiati fino alla caratterizzazione dei metaboliti di interesse
da loro prodotti. In funzione degli obiettivi da raggiungere, sono state formulate due colture
starter, ciascuna destinata allo sviluppo di uno specifico prodotto fermentato con migliorate
proprietà reologiche e arricchito in fattori nutrizionali.
Prodotto 1: formaggio molle a ridotto contenuto di grassi. La coltura starter per questo prodotto è
stata costituita da due ceppi polifunzionali capaci di produrre sia EPS che folati, sebbene con
differente modulazione. La combinazione ottimale dello starter è data dal 95% del ceppo St 399
(medio produttore di EPS con effetto strutturante e buon produttore di folati) e dal 5% di St 907
(buon produttore di EPS ad effetto addensante e basso produttore di folati). Il formaggio ottenuto
ha presentato un alto livello di idratazione (69.3%) dovuto alla ritenzione idrica esercitata dagli EPS
che hanno contribuito a conferire una buona struttura e una texture cremosa. Ciò ha anche
consentito di compensare il basso tenore di grassi (11.5%) con una gradevole palatabilità. Inoltre,
è stata incrementata la resa di trasformazione (+3.4%) ed il contenuto di folati (+67%) rispetto al
formaggio ottenuto con la coltura controllo.
Prodotto 2: bevanda fermentata a base di latte di asina e olio di girasole. Al latte di asina,
contraddistinto da buona qualità nutrizionale ma basso contenuto energetico, è stato aggiunto
1.6% di olio di girasole, omogeneamente emulsionato. Questa emulsione è stata fermentata da
due ceppi di S. thermophilus in eguali proporzioni, i.e. St 907 (buon produttore di EPS ad effetto
addensante) ed St 563 (alto produttore di folati). La fermentazione è stata arrestata a pH 5.0, per
evitare la sgradevole separazione di siero, facilmente osservabile in latte di asina a seguito di
eccessiva acidificazione. La bevanda ottenuta ha mostrato una buona viscosità grazie agli EPS
prodotti che hanno agito anche da stabilizzanti, prevenendo fenomeni di sineresi durante i 20
giorni di conservazione a 4°C. L’aggiunta di un olio ricco in acidi grassi polinsaturi ha migliorato la
qualità lipidica del prodotto, mostrando un indice aterogenico e trombogenico più favorevole. Il
ceppo St 563 ha permesso di incrementare il basso contenuto di folati del latte di asina da 0.16 a
2.03 µg/100 ml. A livello sensoriale la bevanda è stata giudicata positivamente per aspetto e
texture ma è risultata debolmente dolce e con uno spiccato sapore acidulo, non adatto a tutti.
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Introduction
The increasing market demand of natural products with a high nutritional profile, without the use
of food additives, was the basis strategy of this work. Microbial biotechnologies offer a great
potential to achieve this purpose, thus an accurate selection of lactic acid bacteria showing
interesting metabolic traits was carried out. In particular, strains of Streptococcus thermophilus,
which is a major starter culture for several dairy products, were studied for the ability to produce
exopolysaccharides (EPS) and folates. EPS act as hydrocolloids and they play an important
technological role as thickening agent, emulsifiers or to reduce syneresis phenomena. The in situ
production of these polysaccharides is desired to avoid the use of alginates or carrageenans, which
are texture enhancers widely used in food industry but they must be declared on the label. In
addition, an increasing number of evidences are reporting the health promoting properties of
some EPS involved in the reduction of cholesterol at plasma level, in the prevention of cancers and
for therapeutic treatments of chronic gastritis (Rodríguez et al., 2009). Folates comprises different
natural forms of compounds with chemical structure and biological activity similar to folic acid
(vitamin B9), which is essential for human diets. Milk and dairy products generally provide low
levels of folates, compared to vegetal products, which is why some manufacturers promoted the
addition of folic acid to increase the daily intake. However, the bioaccumulation of folates given
by overproducer strains of S. thermophilus might avoid the artificial fortification of this vitamin.
In this work, selected strains of S. thermophilus showing such abilities were employed to formulate
two different starter cultures to develop innovative dairy products. Product 1: fat-reduced soft
cheese, with improved texture and an increased folate content. Product 2: fermented beverage
based on an emulsion of donkey milk and sunflower oil. In both products, the production of EPS
and folates remarkably contributed to obtain technological advantages and a higher nutritional
value.
Materials and Methods
Strains employed
Composition of the starter culture for product 1: 95% of St 399, belonging to the CRA-FLC
collection and selected as good producer of both folates and a type of EPS which acted as texture
enhancer, and 5% of St 907, kindly provided by Sacco srl (Cadorago, Italia) and selected as high
producer of a type of EPS which acted as thickening agent. Composition of the starter culture for
product 2: 50% of St 907, previously described, and 50% of St 563 selected from the CRA-FLC
collection as high folate producer.
Chemical composition
Fat and protein contents of the fermented products were determined according to the ISO 1211
and ISO 8968-1 official methods, respectively. Sugars and organic acids were analyzed according to
Bouzas et al. (1991). Dry matter of the cheeses was determined according to a standard method
(FIL-IDF 4, 1958). The fatty acid composition was analyzed by GC according to Povolo et al. (2012)
and expressed as g/100 g of fatty acids (FA). Volatile compounds profile was determined by solidphase microextraction (SPME) coupled with GC-MS. Results were expressed as area units with the
relative standard deviation of two replicates.
Analysis of EPS
For the EPS extraction, an equal volume (1:1) of 10% trichloroacetic acid was added to the sample,
mixed for 30 min and centrifuged at 8150 g for 20 min (Beckman Coulter, Avanti® J-26 XP). To the
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collected supernatant, a double volume (1:2) of concentrated ethanol was added to sediment EPS
at 4°C for 24 h and the EPS pellet was freeze-dried. About 10 mg of EPS were hydrolyzed with 2
mol/L of H2SO4 at 100°C for 2 h. Monomeric sugars were determined using a Dionex HPAEC system
by isocratic eluent (100 mM NaOH) at a flow rate of 1.0 ml/min. The molecular weights were
determined using a high perfomance size exclusion chromatography (HPSEC) equipped with
multiple detectors (Viscotek, TDA305, USA).
Folate content
Extraction of total folates from milk samples and cheeses was performed as follows: samples were
homogenized and diluted (1:5) in phosphate buffer (0.05 mol/L) di NaH2PO4 containing 1% of
ascorbic acid, pH adjusted to 7.2) and then added (2.5% v/v) to the substrate devoid of folic acid
(Folic Acid Assay Medium, Difco/BD, Milan, italy). This media was inoculated with the indicator
strain (Lactobacillus rhamnosus ATCC® 7469), auxotrophic for folic acid, and folate content was
quantified by means of the microbiological assay in agreement with official methods (AOAC
944.12/45.2.03).
Statistical analysis
Student t-test was applied to determine significant differences between the products
manufactured with the experimental starter cultures and the control products obtained with a
commercial starter culture, i.e. St B01 (EPS-negative and weak folic acid producer).
Results and Discussion
Product 1. The starter culture for this product was optimized according to the single ability of the
strains used (folate production, EPS productions and their characteristics) and after the
evaluations of previous micro-scale productions. During cheese processing, a lower syneresis of
the curds (after cutting) fermented by the EPS+ starter culture was observed, compared to the
control ones (EPS-), due to the high water-holding capacity exerted by the polysaccharides. After 7
days from production (maturation period), the cheese yield obtained from the EPS+ cheeses was
significantly (P 0.01) higher than that shown by the control cheeses. Indeed a higher moisture
content was determined in the EPS+ cheeses compared to the control cheeses (Table 1),
confirming the role of EPS as hydrocolloids. The two types of EPS produced by the strains, mainly
different in their molecular size (Table 2), allowed to improve the structure and the texture of the
cheese. Moreover, the optimized formulation of the starter, pointed to the advantage of the
major folate producer strain St 399, enabled to increase the folate content in the EPS+ cheeses up
to +67%. These results highlights the feasibility to improve both the viscoelastic properties and the
nutritional value of dairy products by means of biotechnology. The soft cheese resulted pleasant in
taste and could meet the interest of consumers for healthier and hypocaloric products.
Table 1. pH, chemical composition and folate content of the cheeses produced with the EPS+ and EPSstrains. Cheese yield obtained after the maturation period (7 days) is reported.
pH

Moisture
(g/100g)

Proteins
(g/100g)

Fat
(g/100g)

Folates
(µg/100g)

Yield 7
days (%)

+

5.21
±0.10

69.31
±0.73

18.07
±0.33

11.54
±0.34

17.42
±5.06

14.15
±0.30

-

5.16
±0.06
-

64.33
±1.51
*

20.73
±1.00
-

12.75
±0.53
-

10.45
±0.45
**

10.78
±0.68
**

Sample
Cheese EPS

Cheese EPS

t-test student
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compared to human or cow milk (Claeys et al., 2014). The starter culture used allowed a significant
(P 0.05) increase of the folates in the fermented beverage up to 20.30 µg/L.
Table 3. Gross composition of donkey milk and the fermented emulsion.
Sample
Donkey milk
Fermented beverage

Dry
matter
9.36
10.79

Fat

Protein

Lac

Glu

Gal

0.43
1.93

1.84
1.80

6.95
5.16

0.00
0.16

0.01
0.64

Lactic
acid
0.00
0.29

Folates
(µg/L)
1.60
20.30

Finally, the sensory evaluation by non-trained panelists appreciated general appearance of the
product, with a pleasant texture and without any evidence of syneresis. The taste was generally
found weakly sweet and with a dominant sour taste which might appear too much acrid for
unused consumers. This work showed how donkey milk could be used as substrate to manufacture
a new generation of fermented milk products.
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Sintesi
Caratterizzazione della frazione lipidica del latte di asina e di un prodotto fermentato
Il latte d’asina è un alimento funzionale le cui qualità nutrizionali e terapeutiche sono note fin
dall’antichità. Tale prodotto viene ormai considerato un ottimo alimento per molte categorie di
consumatori in considerazione dell’elevata digeribilità, del suo contenuto in vitamine, in sali
minerali e in zuccheri, ma senza dubbio la caratteristica che desta maggiore interesse è la sua
composizione chimica molto vicina al latte umano. Questo aspetto lo rende un latte ben tollerato
dai neonati allergici alle proteine del latte vaccino e valido sostituto del latte materno qualora
questo non sia più disponibile. Contrariamente al latte prodotto da altre specie di interesse
zootecnico, il latte di asina presenta infatti un tenore in lattosio e una composizione in proteine
molto simile al latte umano. È invece caratterizzato da uno scarso contenuto in materia grassa,
fattore che rende questo prodotto interessante per diete ipocaloriche e per l’alimentazione
dell’anziano, ma può invece rappresentare un aspetto limitante nell’alimentazione della prima
infanzia. Per questo motivo, qualora tale latte fosse somministrato al neonato come unico
alimento, deve essere integrato con olio vegetale. Lo scopo del seguente lavoro è stato quello di
caratterizzare la frazione lipidica del latte di asina, in particolare per ciò che riguarda trigliceridi,
acidi grassi, fosfolipidi e colesterolo totale. Nell’ambito della ricerca a partire da tale latte, con
l’aggiunta di olio di girasole, è stata prodotta una bevanda fermentata, sulla quale è stata condotta
una valutazione della composizione in acidi grassi. Nel latte d’asina la classe acidica più
rappresentata è mediamente la frazione degli acidi grassi saturi. Tuttavia l’asina, non avendo la
barriera del rumine, produce un latte ricco in acidi grassi polinsaturi ʘ3 e ʘ6, rispetto al latte
vaccino, con un contenuto elevato in acido linolenico. L’aggiunta di olio di girasole, ricco in acidi
grassi insaturi, soprattutto polinsaturi, determina un aumento di tale frazione nella bevanda
fermentata e di conseguenza un aumento del rapporto ʘ6/ʘ3. La quantità di colesterolo,
considerando il ridotto contenuto di frazione grassa, è risultata notevolmente inferiore rispetto al
latte vaccino e umano. Dall’analisi dei fosfolipidi, molecole aventi effetti benefici sulla salute
umana, è emerso come il latte di asina, a differenza del latte vaccino e umano, presenti un minor
contenuto in fosfolipidi totali, ma sia particolarmente ricco in fosfatidiletanolammina. Sono stati
inoltre individuati due composti con un alto grado di analogia con lactosilceramide e
glucosilceramide di origine bovina. Il lavoro svolto ha permesso di approfondire le conoscenze
della frazione lipidica del latte d’asina e di valutare l’effetto dell’aggiunta di olio vegetale sulle
caratteristiche nutrizionali di un prodotto derivato fermentato.
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Introduction
In the last few years, it has been demonstrated that donkey milk is well tolerate by infants
suffering of cow’s milk protein allergy. Moreover, its use could be of great interest for the
prevention of cardiovascular diseases, in the treatment of human immune-related diseases and in
hypocholesterolemic diets. The hypoallergenic and therapeutic properties attributed to donkey
milk are thought to be due to its compositional similarity to human milk (Salimei E. and Fantuz F.,
2012). The total protein content of donkey’s milk is lower (1.5-1.8%) than cow’s milk (3.1-3.8%)
and more similar to human’s milk (0.9-1.7%). In particular, whey proteins are 35-50% of the
nitrogen fraction (20% in cow’s milk) and then the ratio between casein and whey protein is lower
than cow’s milk (1.2 vs 4.7). The lactose content (5.8-7.4%) of donkey milk is very close to that of
human’s milk (6.3-7.0%) and much higher if compared with cow’s milk (4.4-4.9%) (Uniacke T. and
Fox P.F., 2012). The high lactose concentration is responsible for the good palatability and
facilitates the intestinal absorption of calcium that is essential for infant’s bone mineralization.
Donkey’s milk is characterized by a lower fat amount (0.3-1.8%) compared to human milk (3.54.0%). The hypolipid content of donkey’s milk, and its corresponding reduced energetic value,
must be taken into account in the nutritional balancing. For this reason, when used in infant
nutrition, donkey’s milk is usually supplemented with vegetal oil, with regard to the energy intake,
more similar to human’s milk. Otherwise, it will be an interesting product for low-calorie diets and
elderly feeding. The fat in milk is structurally organized in the form of globules, which are
surrounded by a complex emulsifying layer, consisting of phospholipids, cholesterol and proteins,
called milk fat globule membrane (MFGM). The diameter of most globules of donkey milk
(approximately 10 Pm) is higher than that of bovine and human milk (3-3.5 Pm and 4 Pm,
respectively) (Salimei E. and Fantuz F., 2012).
The aim of this study was the characterization of the lipid fraction of donkey milk and derived
fermented beverage. At this scope the composition of triglycerides and fatty acids, and the
cholesterol content were investigated. Moreover, we focused our attention on the phospholipid
fraction, that, to our knowledge, is scarcely investigated. These compounds have beneficial health
effects, such as regulation of the inflammatory reactions, chemopreventive and chemotherapeutic
activity on some types of cancer, and inhibition of the cholesterol absorption.
Materials and Methods
Bulk donkey’s milk was provided by the most important donkey farm in Italy, located in Reggio
Emilia province. The milk derived from 11 different donkey breeds. After milking, the samples
were immediately cooled, transported to the laboratory under refrigerated conditions, stored at 20 °C and thawed at 37°C when required for lipid analysis. Moreover, an aliquot of 100 ml of bulk
donkey’s milk was heat treated (68°C for 2,5 min), added with sunflower oil (1,6 v/v), and
fermented using a binary association of two strains of Streptococcus thermophilus.
The total lipid of donkey’s milk and fermented beverage was extracted by chloroform-methanol
(2:1, v/v) according to Folch et al. (1956). The extract was shaken and equilibrated with one-fifth
its volume of a saline solution (0.05 N of NaCl). The solvent phase was separated, filtered, and
evaporated under vacuum.
The lipid fraction of donkey’s milk was analysed by applying the following methods: triglyceride
composition according to Reg CE 273/2008 fatty acid composition according to Povolo et al.
(2012), cholesterol content according to ISO 18252: 2006 and phospholipids according to Avalli
and Contarini (2005). The fatty acid composition was also determined in sunflower oil and
fermented beverage.
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Results and Discussion
Triglycerides account for 80-85% and represent the most abundant components of the lipids.
Phospholipids and sterols, which are primarily associated with the fat globule membrane, are
present for 5% each. Figure 1 shows the triglyceride profiles of donkey, human and cow milk fat. In
human’s milk fat the relative percentage of each triglyceride group increased as carbon number
increased, reaching its maximum at 52 carbon atoms. This triglyceride group is mainly represented
by molecules containing palmitic and two fatty acids having 18 carbon atoms. Donkey’s milk also
showed a maximum at 52 carbon atoms, although the upward trend was less regular, and a
second abundant peak was presents at C44. In cow’s milk, on the contrary, triglycerides showed a
clear bimodal distribution with two maximum at 38 and 50 carbon atoms. This behaviour is due to
the presence of triglycerides containing short chain saturated fatty acids that are characteristic of
milk fat from ruminant animals.
Figure 1 – GC profiles of the triglyceride fraction of human’s, donkey’s and cow’s milk.
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With regard to milk fatty acid composition, in donkey’s milk twenty saturated fatty acids (SFA),
from C4 to C22, twelve monounsaturated fatty acids (MUFA), from C10 to C18, and fourteen
polyunsaturated fatty acids (PUFA) were identified. Among PUFA, eight compounds belonged to
Z6 class and five to Z3. The SFA was the most represented class in donkey’s milk, and showed
values close to those of human’s milk and lower than those of cow’s milk (table 1). Among the
SFA, the most abundant were C16 (21.5%), C12 (8.4%), C14 (7.4%), C10 (9.0%) and C8 (4.4%). The
most abundant MUFA was C18:1 cis 9 (17.4%) followed by C16:1 (4.5%).
Donkey’s milk was characterized by higher amount of PUFA than cow’s milk. This characteristic can
be explained by the absence, in monogastrics, of the isomerization and hydrogenation processes
that take place in the polygastric prior to absorption and esterification in blood. The high amount
of fresh forage present in the donkey’s diet (table 1) was responsible for the high amount of
linolenic acid detected in our samples.
The high levels of total Z3 PUFAs were well balanced by the total Z6 PUFA content and then
donkey’s milk presented a lower Z6:Z3 ratio compared to human’s and cow’s milk. The nutritional
value of donkey’s milk was also demonstrated by the atherogenic and thrombogenic indices,
which were significantly lower than cow’s milk.
The addition of sunflower oil, characterized by a high concentration of PUFA, increased this FA
class with particular regard to the linoleic content. The lipid quality indices, in the fermented
emulsified donkey milk, resulted more favorable than in donkey milk. It is worth noting that the
consumption of dairy products with lower atherogenic and thrombogenic values leads to a
decrease of the total cholesterol and the LDL-cholesterol in human blood plasma.
Table 1 – Fatty acid composition of donkey’s, human’s and cow’s milk, sunflower oil and fermented
emulsified donkey milk. Values are expressed as g/100g of fatty acids.
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Donkey milk Human milk
Saturated (SFA)
Monounsaturated (MUFA)
Polyunsaturated (PUFA)
Polyunsaturated Z-6
Polyunsaturated Z-3
Linoleic acid
Linolenic acid
SFA/UFA
Z-6/Z-3
Index of atherogenicity (IA)
Index of thrombogenicity (IT)

54.3
25.6
19.8
7.9
11.9
7.6
11.8
1.2
0.67
1.3
0.5

51.6
35.1
10.5
9.1
1.5
10.8
1.03
1.13
6.0
0.6
0.9

Cow
milk
70.8
25.2
3.6
2.8
0.8
1.4
1.8
2.7
3.5
2.7
1.9

Sunflower
oil
10.3
28.5
61.2
61.1
0.1
61.1
0.1
0.1
580.5
0.1
0.2

Fermented
emulsified milk
18.0
28.2
53.7
52.6
1.9
51.7
1.9
0.2
27.7
0.2
0.2

Donkey’s milk showed a higher amount of cholesterol (392±45 mg/100g of fat) than cow’s milk fat
(300-360 mg/100g of fat) but less than human’s milk fat (400-500 mg/100g of fat). It should be
noted, however, that if cholesterol is expressed on 100 g of milk, its content in donkey’s milk
results lower that the other types of milk, due to the very low content of fat.
The reduced total fat content of donkey milk was also partially responsible for the small
concentration of phospholipids (PL) in comparison with human’s and cow’s milk (3.5, 23.5 and
28.2 mg/100 g of milk, respectively). Among PL, five major classes of compounds were identified:
phosphatidylinositol
(PI),
phosphatidylethanolamine
(PE),
phosphatidylserine
(PS),
phosphatidylcoline (PC) and sphingomyelin (SM). The composition of phospholipids of donkey’s
milk is extremely different from that of human’s and cow’s milk, particularly for the high values of
PE and the low values of SM (Figure 2).
In the HPLC profile of donkey milk were also detected two peaks, eluting before the main PL
above-cited. The whole identification is in progress, but the chromatographic behaviour leads to
the reasonably hypothesis that they have a similar backbone as lactosylceramide and
glucosylceramide of bovine origin. Both molecules include sphingosine, an alcohol having 18
carbon atoms, bonded with one fatty and one glucose or galactose residue. The number of carbon
atoms of the fatty acid can change in the different milk species, making difficult the correct
identification.
Figure 2 – Phospholipid composition of donkey’s, human’s and cow’s milk. Value are expressed as
percentage.
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The results obtained in this research improved the knowledge of the composition of donkey’s milk
lipid fraction. This product is an interesting foodstuff as it contains several compounds having
nutritional values. The addition of vegetable oil, tested in the production of a fermented beverage,
enhanced some of the beneficial properties of this milk.
References
Salimei E., F. Fantuz, 2012. Equid milk for human consumption. International Dairy Journal, 24, 130-142.
Uniacke T., P.F. Fox, 2012. Equid milk: Chemistry, Biochemistry and Processing. In: Food Biochemistry and
Food Processing, eds John Wiley & Sons, Inc, 491-530.
Folch L., Less M., G.H.S, Stanley 1957. A simple method for the isolation and purification of total lipids from
animal tissues, J. Biol. Chem. 726, 497-509.
Povolo M., Pelizzola V., Lombardi G., Tava A., G. Contarini, 2012. Hydrocarbons and fatty acid composition
of cheese as affected by the pasture vegetation type. Journal of Agricultural and Food Chemistry, 2011, 60,
299-308.
Avalli A., G. Contarini 2005. Determination of phospholipids in dairy products by SPE/HPLC/ELSD. Journal of
Cromatography A 170, 107-190.

54
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Sintesi
Il microbiota dei batteri lattici (LAB) di latte d’asina è stato studiato con tecniche colturadipendenti, sia microbiologiche che molecolari, per identificare le specie presenti. I campioni di
latte, sia fresco che incubato a 37°C per consentire l’arricchimento in ceppi acidificanti, sono stati
seminati su terreni elettivi per le specie lattiche (M17, MRS, LBD) dai quali sono poi stati isolati 129
ceppi, tipizzati mediante RAPD-PCR, e identificati mediante sequenziamento del gene 16S rDNA.
Con tecnica LH-PCR (Length-Heterogeneity-PCR), che permette di discriminare gruppi/
generi/specie microbiche in base alla lunghezza di frammenti del gene 16S rDNA che vengono
sequenziati dopo essere stati amplificati mediante PCR, è stato analizzato il DNA microbico
estratto sia dai 3 campioni di latte, sia dai pool di cellule (bulk) recuperate dalle piastre di M17,
MRS, LBD seminate con i 3 campioni.
L’analisi microbiologica ha evidenziato un contenuto di LAB nel latte crudo pari a circa 103 ufc/ml,
che dopo incubazione a 37°C raggiungeva 107-108 ufc/ml. I 129 ceppi isolati, i cui profili RAPD
raggruppavano in 18 clusters biodiversi, sono risultati appartenere alle specie: E. faecalis (36
ceppi), E. faecium/hirae/durans (21), E. gilvus (5), E. casseliflavus (4), S. macedonicus (58), S. equi
ssp. zooepidemicus (1), S. equinus/bovis (1), S. criceti (1), Streptococcus spp. (1), P. pentosaceus (1).
Nonostante i diversi protocolli di coltivazione e di selezione adottati, finalizzati a consentire un
arricchimento in flora lattica e l’isolamento di ceppi coltivabili dominanti e maggiormente vitali,
sono state ritrovate relativamente poche specie e biotipi di morfologia coccica, soprattutto
termodurici e acidificanti, ma nessun lattobacillo. L’analisi LH-PCR ha confermato la prioritaria
presenza di batteri ascrivibili ai generi Enterococcus e Streptococcus ed alla famiglia delle
Enterobacteriaceae, inoltre è stata evidenziata anche la presenza minoritaria di lattobacilli.
Fra le specie cocciche isolate non sono state ritrovate specie di interesse caseario per essere usate
come colture starters. Fra i LAB isolati, è stata valutata la capacità di produrre folati da parte di S.
macedonicus, specie dominante la microflora di questo latte, individuando un ceppo con buona
capacità produttiva, di potenziale interesse per lo sviluppo di prodotti innovativi.
La relativa scarsità di specie di LAB osservata in questo studio è attribuibile a fattori diversi quali: la
provenienza dei campioni da una sola azienda; la selezione di LAB coltivabili; la maggiore
resistenza al lisozima dei cocchi. L'utilizzo di tecniche molecolari ha comunque evidenziato la
possibile presenza di lattobacilli, confermando la possibilità di meglio definire il microbiota di LAB
del latte d'asina mediante impiego di tecniche molecolari coltura-indipendente.
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Introduction
Donkey milk has a chemical composition similar to human milk and can be used as an alternative
food for infants who show intolerance to bovine milk. Its high content in natural inhibitory
compounds, lysozyme and lactoferrin in particular, make this milk diīerent from other
mammalian milks (Tidona et al. 2011). These antimicrobial compounds have been related to the
reduced bacterial load of this milk and are supposed to play a role in the preservation of its
hygienic quality (Saric et al. 2012). Donkey milk was considered a good substrate to obtain a new
generation of fermented milks, combining its nutritional value with the health-promoting
properties of selected lactic acid bacteria (LAB). The high content of lactose, despite the high
amount of lysozyme, seems favorable to promotes the growth and survival of probiotic lactobacilli
(Chiavari et al. 2005). While chemical composition and nutritional properties of donkey milk have
been widely investigated, the microbiology of this milk is less known (Quigley et al. 2013), in
particular concerning the composition of the lactic acid bacteria (LAB) microbiota. Only few LAB
from donkey milk have been isolated and identified. Among presumed LAB isolated from Ethiopian
donkey milk samples, no one was confirmed as belonging to LAB species. Recently, potentially
probiotic and bacteriocinogenic mesophilic lactobacilli were described (Murua et al. 2013).
The aim of this work was to assess the biodiversity of viable and cultivable LAB present in donkey’s
milk samples. With the purpose to select both acidifying and thermoduric LAB species, enrichment
strategies consisting of (i) milk culturing and (ii) pasteurization plus milk culturing were applied.
Materials and Methods
Sampling and treatment of milk
Seven samples were analyzed: 3 raw milk samples (RM), the same incubated at 37°C for 48 h (CM),
and one sample heat treated at 63°C for 10 min and then incubated at 37°C for 48 h (TCM).
Microbiological analysis
Samples were plated on 3 elective agar media: M17 agar, MRS agar, and LBD (Lactic Bacteria
Differential) agar. M17 and LBD plates were incubated aerobically at 37°C for 48 h, MRS plates
anaerobically at 37°C for 72 h. Colonies, representative of all morphologies and sizes, were
randomly picked and purified twice in the same isolation medium. Each single colony was
cultivated at 37°C for 24 h in the corresponding liquid medium. The cultures were added with 15%
sterile glycerol and stored at -80°C.
Molecular typing and identification of LAB strains
The DNA of non-motile, Gram-positive, catalase negative isolates was extracted. RAPD-PCR typing
was performed using of the primer M13. The DNA was amplified, the PCR products were
separated by electrophoresis, and the cluster analysis carried out using the software BioNumerics.
Molecular identification was performed by sequencing the first 500 bp of the 16S rRNA gene on a
reduced number of strains representative for each cluster. The sequence data were processed and
the alignments were performed with the Sequence Navigator software using ClustalW algorithm
(Life Technologies). The identification was accomplished using the online BLAST software
(www.ncbi.nlm.nih.gov/BLAST) (Rossetti and Giraffa 2005).
LAB populations analysis by Length heterogeneity-PCR (LH-PCR)
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Total microbial DNA was extracted directly from raw milk samples and then from the bulk of cells
recovered from M17, MRS, and LBD agar plates seeded with the 3 milk samples, and analyzed by
the LH-PCR technique according to Lazzi et al. (2004). V1 and V2 16S rDNA gene regions were
amplified with 63F and 355R primers. The different fragments obtained were separated by
capillary electrophoresis system (ABI Prism 310 Genetic Analyzer, Applied Biosystems) and the
resulting electropherograms were analyzed. On the basis of the length of the fragment, by
comparison with an internal database previously developed using type strains of several bacterial
species, an assignment to genus or species level was obtained. Although the high sensitivity of LHPCR, the method do not separate fragments with differences of ±1 base pairs, in this case for a
correct identification of the species further taxonomic tests are required.

Results and Discussion
On the basis of bacterial counts on M17, MRS and LBD agar media, the average contents of LAB in
the donkey RM samples were 3.97 (±0.60), 3.57 (±0.79), and 3.81 (±0.48) log CFU/ml, respectively.
By comparing with the total bacterial load, these values accounted for most of the cultivable
bacteria (data not shown). After enrichment of naturally occurring acidifying bacteria by
incubation of RM samples at 37°C (CM samples), the pH decreased from 7.13 (±0.09) to 4.85
(±0.49), confirming the presence of lactose-fermenting bacteria. The LAB counts in CM samples
reached 8.0 log CFU/ml on M17 and LBD agar media, and about 2 log lower on MRS. Heat-treated
and cultured milk sample (TCM), applied to recover the thermoduric and acidifying LAB species,
showed counts similar to CM samples and a final pH of 5.23.
A total of 150 colonies were isolated and, after purification, the 129 presumptive LAB strains (i.e.
catalase-negative, non-motile and non-sporulating) were selected and the genotypic diversity was
analyzed by RAPD-PCR. The statistical analysis allowed to group the RAPD profiles into 18 clusters,
9 clusters were represented by a single strain (clusters B, D, F, O, P, Q, R, S, T), while the two major
clusters (A and N) included 31 and 57 strains respectively (Table 1). All the LAB species identified
by sequencing of 16S rRNA gene belonging to the coccus-shaped genera of Enterococcus,
Streptococcus and Pediococcus (Table 1).
Species (No. biotypes)
Enterococcus faecalis (4)
Enterococcus faecium/hirae/durans (5)
Enterococcus gilvus (1)
Enterococcus casseliflavus (1)
Streptococcus macedonicus (2)
Streptococcus equinus/bovis (1)
Streptococcus equi subsp. zooepidemicus (1)
Streptococcus criceti (1)
Streptococcus spp. (1)
Pediococcus pentosaceus (1)
TOTAL

RAPD biotypes (No. isolates) Total strains (%)
A (31), B (1), C (3), D (1)
36 (27.9)
E (4), F (1), G (8), H (6), I (2)
L (5)
M (4)
N (57), O (1)

21 (16.3)
5 (3.9)
4 (3.1)
58 (45.0)

P (1)
Q (1)
R (1)
S (1)
T (1)
18 clusters (129 strains)

1 (0.8)
1 (0.8)
1 (0.8)
1 (0.8)
1 (0.8)
129 (100)

Table 1 – Biodiversity, at species and strain level, of lactic acid bacteria isolated from donkey milk.
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The strains of Enterococcus were mainly isolated from M17 agar plates (37 strains, 56%), while 16
(24%) and 13 (20%) strains were isolated from LBD and MRS agar plates, respectively. Even
Streptococcus were mainly isolated from M17 (26 strains, 42%), while 20 (32%) and 16 (26%) were
isolated from LBD and MRS, respectively. The only Pediococcus strain recovered was from MRS
agar. Although it is not an exception, since the culture media used have not truly selective
properties, it should be emphasized that only coccus-shaped LAB were detected. Among them S.
macedonicus was the most frequently species recovered, and the 58 isolated strain were
characterized for acidifying activity and folate production. Only few strains were able to coagulate
milk in 6.5 h, while most of them coagulated the milk in 8-9 h (data not shown), thus confirming
the moderate acidifying capability of this species. Concerning the production of folate, only one
strain showed a good ability, resulting of potential interest for dairy applications.
The LAB microbiota of donkey milk is almost unknown, and only individual strains have been
identified so far (Murua et al. 2013; Quigley et al. 2013). The high amount of lysozyme in donkey
milk samples (average 1.32 ± 0.12 g/l) can partly explain the finding of only coccus-shaped species,
since they are known to be more resistant to lysozyme. The few lactobacilli from donkey milk
reported in the literature, i.e. Lb. paracasei, Lb. brevis, Lb. salivarius and Lb. plantarum, belonged
to hetero-fermentative mesophilic species (Murua et al. 2013), which were known to be less
lysozyme-sensitive than thermophilic species. Despite the selection protocol applied to promote
the isolation of acidifying and thermoduric LAB, no one strain belonging to the most
technologically-important dairy starter species were found. In order to evaluate if the absence of
rod-shaped LAB species was real or attributable to difficulty in isolation, because they were
present as non-dominant flora, a molecular technique was used. LH-PCR applied to total bacterial
DNA extracted both from milk samples and from the bulk of colonies harvested from the agar
plate counts, allowed to put in evidence the presence of some species of Lactobacillus, as well as
to dairy lactococci (Table 2), thus confirming their presence but also pointing out the difficulty of
isolation probably because present in low numbers.

Donkey milk
Clostridium
Enterobacteriaceae
Enterococcus
Streptococcus

Bacterial DNA from
LBD colonies
MRS colonies
Enterobacteriaceae
Enterobacteriaceae
Enterococcus
Enterococcus
Streptococcus
Streptococcus
Lb. fermentum
E. faecium
Lc. lactis spp. cremoris
Lc. lactis spp. cremoris
Leuconostoc
Lb. delbrueckii spp. lactis

M17 colonies
Clostridium
Enterobacteriaceae
Enterococcus
Streptococcus
Lb. fermentum

Table 2 – Bacterial genera or species evidenced by LH-PCR in donkey milk samples or in the bulk of colonies
harvested from agar media.

Interest in donkeys’ milk for human nutrition is increasing due to its distinctive composition and
unique functional properties. The high content of antimicrobial compounds and defense factors,
could protect from microbial infections and makes donkey milk diīerent from other mammals’
milks. Conversely, the microbiota of this milk is poor studied, in particular concerning the content
of lactic acid bacteria (LAB). This study was a first approach to study the LAB community of donkey
milk. Our data confirmed that the donkey milk has a low bacterial content, mostly represented by
LAB. However, some potentially pathogenic species were detected, confirming the importance of
a heat-treatment before the use. The relatively poor diversity of LAB population observed in this
study, besides the procedures applied to increase the recovery of cultivable bacteria, can be
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attributed to several factors: i) the origin of the samples that were collected from a single farm; ii)
the selection of only dominant cultivable LAB; iii) the higher lysozyme resistance of coccus-shaped
LAB. The search of cultivable, acidifying and thermoduric LAB will be important in order to design
appropriate starter cultures for development of new fermented products based on donkey milks.
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Sintesi
Caratterizzazione chimica della scotta. La scotta è il liquido rimanente dopo la produzione di
ricotta, in seguito a coagulazione acido-termica del siero, eventualmente aggiunto di latte e panna.
La tecnologia di produzione della ricotta ha una resa bassa, del 5% circa, ma il liquido che rimane
ha ancora un discreto valore nutritivo, in quanto contiene lattosio, e residui di proteine. Tuttavia, il
sapore non particolarmente gradevole, derivante da una eccessiva salinità e acidità, ne limita il
consumo per uso umano. Dalla letteratura mancano studi approfonditi sulla sua composizione,
pertanto scopo di questo lavoro è stata la caratterizzazione chimica della scotta, in funzione di un
suo utilizzo quale ingrediente per la produzione di bevande dopo miscelazione con succhi o puree
di frutta. Sono stati prelevati tre prodotti diversi tra loro per provenienza geografica e storia
produttiva. I risultati ottenuti mostrano che il lattosio rappresenta in media il 65% dei solidi totali,
mentre le proteine totali sono mediamente il 10%. La componente proteica è stata caratterizzata
mediante frazionamento dei costituenti azotati e quantificazione con metodo Kjeldahl, e analisi in
elettroforesi capillare. Ne è emerso che circa il 48% dell’azoto totale è costituito da azoto non
proteico. La quota di proteina vera è invece costituita da sieroproteine, per un valore dal 13 al
40%, e da peptidi. Tra questi, il caseinomacropeptide (CMP), la porzione C-terminale della Kcaseina rilasciata durante la caseificazione, rappresenta una percentuale tra il 20 e il 60%. Sia alle
sieroproteine che al CMP vengono riconosciute diverse proprietà nutraceutiche, che possono
rappresentare un valore aggiunto per la formulazione della bevanda. Per ciò che riguarda la
frazione minerale sono emersi valori elevati di K, Ca, Mg e Na, elementi riconosciuti come
elettroliti importanti soprattutto nella composizione di bevande destinate agli sportivi.
Il lavoro svolto ha permesso di aumentare la conoscenza della composizione della scotta per una
sua valorizzazione come ingrediente di nuove bevande. La miscelazione con composti a base di
frutta, ricchi in vitamine e molecole nutraceutiche, porterebbe un vantaggio non solo dal punto di
vista organolettico ma anche funzionale.
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Introduction
Ricotta cheese-whey (RCW, better known as scotta in Italian) is the liquid left after Ricotta cheese
production. Ricotta is an Italian fresh dairy product made from cow, sheep, goat or buffalo’s milk
whey remaining after the production of cheese. The Ricotta technology consists of heating the
acidified whey to at least 90°C for a few minutes, resulting in heat-induced coagulation of whey
proteins. Small amounts of milk and cream can be added to improve yield, curd cohesiveness, and
sensory properties of the final product. The denatured coagulated whey proteins (and caseins if
present due to the added milk) floating to the surface of the heated whey are separated by
mechanical means and drained in perforated moulds. Unfortunately, Ricotta cheese yield is very
low, only 5%, and consequently a high quantity of liquid remains from the process. This residue
still has some nutritional value, consisting of few proteins and peptides, a strong organic content,
especially due to lactose, and high saline concentration.
In 2001 in Italy, the production of RCW was about 345000 t/year (ANPA/ONR, 2002) and this value
is continuously increasing, since Ricotta cheese is one of the few products of the cheese industry
whose consume is growing (in 2013, + 1.7% than the previous year). In the past, the extreme
dilution of RCW did not make its reuse particularly appealing and economically advantageous.
Most of the cheese factories discharged this kind of effluents directly in the environment (land,
rivers, etc..) without any pre-treatment, posing serious ecological dangers. Nowadays these
practices are forbidden and alternatives have to be found. The cheapest way is to use scotta for
animal feeding, since the costs associated to valorisation technologies are not normally
sustainable for small and medium factories, which are the most of Italian dairies.
So far, RCW has been studied insufficiently, and this may be the reason why scotta is not widely
exploited. The aim of the following research was to study RCW chemical composition in deep, with
particular attention to the protein fraction. The purpose would be the use of RCW as a raw
material for the production of functional beverages, obtained by blending it with fruit
components. The intention is to develop simple processes using, as far as possible, existing
equipment available in the factory, so that even small dairy manufacturers could afford it. Some
efforts have already been done to produce whey-based beverages (Jelen, 2011), but to our
knowledge RCW has never been considered as a base for the formulation of nutritional drinks.

Materials and Methods
Three samples of RCW (identified as A, B, and C) were analysed. The samples differed in
geographical origin (A and B were from Lombardy and C from Sardinia) and applied technology: A
and C were produced by factories using their own cheese whey to produce ricotta, whereas B was
from a factory specialised in ricotta cheese production, using whey protein concentrates as raw
material and a continuous recycle of ricotta cheese whey coming from the process. All samples
were frozen at -20°C at sampling and were defrosted overnight at 4°C when necessary, to perform
analysis and beverages preparation. In order to minimize turbidity development and
sedimentation problems, which could be encountered during storage, RCW was filtered before
mixing it with fruit, in order to eliminate suspended solids. Samples were analysed before and
after filtration. pH of scotta was measured by Hamilton® FoodTrode pH electrode (Hamilton Co.
Bonadutz, Switzerland). International standards were applied to determine total solids (ISO
6731/IDF 021:2010), fat (ISO 2446/IDF 226:2008) and ash (AOAC 1990:945.46) content. Total
nitrogen (NT) content was determined by applying standard ISO 8968 1/IDF 20 1:2001, using 6,38
as conversion factor to determine total proteins. Non-casein-nitrogen (NCN) content was
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activity: it seems to protect against toxins, bacteria and viruses, to promote bifidobacterial growth
and to modulate immune system response (Manso & López-Fandiño, 2004). An external standard
calibration allowed also the quantification of D-lactalbumin (D-la) and E-lactoglobulin (E-lg).
Although present at low levels, below 1 g/L, whey proteins have a high biological value: they are
rich in essential amino acids (mainly lysine, cysteine and methionine) and branched-chain amino
acids (leucine, isoleucine and valine) that are readily metabolised for energy by muscle, so that
they provide safe nutritional support for athletes during physical exercise. For this reason, whey
proteins are often included in sports drinks formulations. Moreover, whey proteins also provide
beneficial health - promoting functions, such as antimicrobial and antiviral actions, immune
system stimulation, anticarcinogenic activity, and other metabolic features (Ko & Kwak, 2009). The
filtration process reduced the total protein content, especially of the denatured fraction that
precipitates at pH 4.6, with a relative increment in NPN and a variation in whey proteins and
peptides percentage distribution. E-lg is the less heat-stable among whey proteins, and in fact it
seemed to be the protein contributing the most to the denatured protein fraction and it was the
most affected by the filtration process.

Table 2: Nitrogen distribution in RCW samples after Kjeldahl analysis and capillary electrophoresis.
CE quantification

NPN/
NT %

True protein
g/100g (NTNPN)*6.38

D-la

E-lg

D-la +
E-lg

CMP

Peptides

Denatured
proteins g/100g
(NT-NCN)*6.38

A

34.0

0.30

0.021

0.070

39.8

19.9

40.3

0.18

Af

45.9

0.21

0.020

0.046

37.7

24.0

38.2

0.05

B
Bf

35.3
38.4

0.55
0.49

0.024
0.029

0.035
0.020

13.4
11.5

53.5
59.7

33.1
28.9

0.10
0.00

Sample

g/100g

%

C
48.3
0.20
0.036
0.045
37.4
26.3
36.3
0.06
Cf
64.8
0.12
0.018
0.021
27.5
26.4
46.1
0.01
f=filtered sample; NT=total nitrogen; NPN=non-protein-nitrogen; NCN=non-casein-nitrogen; CE=capillary
electrophoresis; D-la=D-lactalbumin; E-lg=E-lactoglobulin; CMP=caseinomacropeptide.

Chemical composition revealed high values of ash, which are an expression of the mineral content
of RCW. The detailed mineral composition of the samples is dependent on many factors related
mainly to the cheese-making process, and whey treatment. In all cases, ICP-MS data in Table 3
showed that RCW was relatively rich in many minerals and trace elements i.e. it contained
appreciable amounts of K, Ca and Mg, which are key minerals involved in muscular functions.
Especially athletes during training periods consume great amounts of such minerals and need to
restore them. Attention should be paid to the high levels of Na, even though it is known that
sodium is the only electrolyte added to drinks consumed during exercise that is proven to confer
physiological benefit. During prolonged exercise, a Na concentration of 460 - 1150 mg/l will
stimulate carbohydrate and water uptake maximally in the small intestine and will help to
maintain extracellular fluid volume.
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activity: it seems to protect against toxins, bacteria and viruses, to promote bifidobacterial growth
and to modulate immune system response (Manso & López-Fandiño, 2004). An external standard
calibration allowed also the quantification of D-lactalbumin (D-la) and E-lactoglobulin (E-lg).
Although present at low levels, below 1 g/L, whey proteins have a high biological value: they are
rich in essential amino acids (mainly lysine, cysteine and methionine) and branched-chain amino
acids (leucine, isoleucine and valine) that are readily metabolised for energy by muscle, so that
they provide safe nutritional support for athletes during physical exercise. For this reason, whey
proteins are often included in sports drinks formulations. Moreover, whey proteins also provide
beneficial health - promoting functions, such as antimicrobial and antiviral actions, immune
system stimulation, anticarcinogenic activity, and other metabolic features (Ko & Kwak, 2009). The
filtration process reduced the total protein content, especially of the denatured fraction that
precipitates at pH 4.6, with a relative increment in NPN and a variation in whey proteins and
peptides percentage distribution. E-lg is the less heat-stable among whey proteins, and in fact it
seemed to be the protein contributing the most to the denatured protein fraction and it was the
most affected by the filtration process.

Table 2: Nitrogen distribution in RCW samples after Kjeldahl analysis and capillary electrophoresis.
CE quantification

NPN/
NT %

True protein
g/100g (NTNPN)*6.38

D-la

E-lg

D-la +
E-lg

CMP

Peptides

Denatured
proteins g/100g
(NT-NCN)*6.38

A

34.0

0.30

0.021

0.070

39.8

19.9

40.3

0.18

Af

45.9

0.21

0.020

0.046

37.7

24.0

38.2

0.05

B
Bf

35.3
38.4

0.55
0.49

0.024
0.029

0.035
0.020

13.4
11.5

53.5
59.7

33.1
28.9

0.10
0.00

Sample

g/100g

%

C
48.3
0.20
0.036
0.045
37.4
26.3
36.3
0.06
Cf
64.8
0.12
0.018
0.021
27.5
26.4
46.1
0.01
f=filtered sample; NT=total nitrogen; NPN=non-protein-nitrogen; NCN=non-casein-nitrogen; CE=capillary
electrophoresis; D-la=D-lactalbumin; E-lg=E-lactoglobulin; CMP=caseinomacropeptide.

Chemical composition revealed high values of ash, which are an expression of the mineral content
of RCW. The detailed mineral composition of the samples is dependent on many factors related
mainly to the cheese-making process, and whey treatment. In all cases, ICP-MS data in Table 3
showed that RCW was relatively rich in many minerals and trace elements i.e. it contained
appreciable amounts of K, Ca and Mg, which are key minerals involved in muscular functions.
Especially athletes during training periods consume great amounts of such minerals and need to
restore them. Attention should be paid to the high levels of Na, even though it is known that
sodium is the only electrolyte added to drinks consumed during exercise that is proven to confer
physiological benefit. During prolonged exercise, a Na concentration of 460 - 1150 mg/l will
stimulate carbohydrate and water uptake maximally in the small intestine and will help to
maintain extracellular fluid volume.
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Table 3: Mineral composition (mg/Kg) of RCW samples before and after filtration.
Sample

K

Ca

Fe

Mn

Na

P

Mg

Cu

Se

Zn

1287

329.00

0.65

<0.01

1101.00

292.00

199.00

0.07

0.011

0.48

Af

1023

267.00

0.48

<0.01

881.00

218.00

158.00

0.07

0.008

0.40

B

2158

546.00

0.52

0.01

945.00

522.00

126.00

0.10

0.005

0.30

Bf

1658

445.00

0.55

<0.01

733.00

390.00

101.00

0.07

0.004

0.30

C

1564

282.00

0.37

<0.01

1291.00

304.00

223.00

0.05

0.006

0.43

Cf
1518
f=filtered sample;

293.00

0.49

<0.01

1260.00

277.00

219.00

0.06

0.005

0.30

A

Despite its many health properties, RCW has not a particularly appealing taste, especially due to
excessive acidity and salinity. Consequently, it requires a successful flavour combination to
improve its characteristics and enable its direct utilization in human nutrition. Blending RCW with
fruit preparations would produce a healthful combination of vitamin and nutraceuticals containing
components of fruits with minerals, lactose and whey proteins from scotta. The resulting beverage
could be, for example, a genuine thirst quencher alternative to sports drinks actually available on
the market.
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Sintesi
I reflui caseari, per il loro elevato contenuto in sostanze organiche, sono considerati dei rifiuti
speciali per lo smaltimento, ma possono anche rappresentare una fonte di composti ad elevato
valore nutrizionale. Lo scopo della presente ricerca è stato lo sviluppo di bevande a base di frutta
arricchite con scotta, il sottoprodotto caseario che si ottiene dalla produzione della ricotta, il cui
re-impiego, a differenza del siero, non è ancora stato sufficientemente studiato.
Le bevande a base scotta-frutta, aventi circa il 14% di solidi solubili, sono state imbottigliate in
bottigliette di vetro incolore da 125 mL chiuse con capsule twist-off, pastorizzate in autoclave e
tenute prima delle analisi sensoriali per 15 giorni in scaffale aperto a temperatura ambiente più
24h a 12°C.
Le formulazioni per le bevande funzionali a base di scotta-frutta ‘gialla’ e ‘rossa’ sono state definite
basandosi sulle caratteristiche sensoriali. Le bevande più apprezzate per le caratteristiche
sensoriali sono state prodotte usando il 30% di scotta e il 70% di succo limpido di frutta: mela per
il tipo ‘giallo’ e una miscela di mirtillo e mela (50+50) per il tipo ‘rosso’.
L’impiego di scotte provenienti da differenti industrie casearie ha influenzato la gradevolezza del
colore, dell’odore e del gusto sia per la bevanda ‘gialla’ che per la bevanda ‘rossa’. Il periodo di 5
mesi di shelf life a temperatura ambiente in scaffale aperto non ha influenzato in modo
significativo la qualità sensoriale dei due tipi di bevande. Tuttavia, l’insieme delle minime
differenze nella caratteristiche sensoriali tra i due tempi di shelf life, ha permesso la distinzione dei
due tempi di conservazione con il test a triangolo sia per la bevanda a base mela, sia per quella a
base miscela mirtillo e mela.
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Introduction
Cheese processing by-products, for their high organic content, are considered special waste for
disposal but they also represent a rich source of high nutritional value compounds. The aim of the
present research was the development of fruit based drinks enriched by cow Ricotta cheese whey
(RCW) by-product, which, unlike whey, has not been already completely exploited. The main
advantage of this type of drinks is the healthy combination of nutritional compounds supplied by
fruit with the protein and mineral salts linked to cheese by-product. It was shown that the sensory
quality is a key factor for drinks containing dairy by-products (Shiby et al., 2013). As a
consequence, the RCW-fruit based functional drinks, developed in the activities 3, 4 and 5 of the
WP 2.3 of CANADAIR project, were evaluated not only for the physico-chemical (color, NIR
spectra, organic acid and soluble sugars compositions) and nutraceutical (total phenolics,
anthocyanins, antioxidant activity) properties, but also for their sensory quality, which, indeed,
was the driving parameter in the development of the formulations for two types of RCW-fruit
based functional drinks, differing for color (yellow and red). In this work the results of the sensory
analyses carried out for the set up of the two formulations, as well as for the evaluation of the
type of RCW material and of the time of shelf life are discussed.

Materials and Methods
Three frozen cow Ricotta cheese whey (RCW) from three dairy industries producing Ricotta
cheese, differing for dry matter content (RCW1 4.37%; RCW2 6.42% and RCW3 5.44%), were used
after thawing at 2°C for 24 h and filtration by vacuum suction. Concentrated clear fruit juices (65%
pectin-free strawberry, 65% pectin-free blueberry, 70% pear and 70% apple) were purchased as
frozen products without any preservers and colorants addition from a fruit juice producer industry
(GMC G. Mariani& C. S.p.A., Cellatica, Bs, Italy). The thawed concentrated juices were diluted with
tap water before blending with RCW in order to obtain beverages standardized at 14% of soluble
solids content (SSC). After packing in 125 mL uncolored glass bottles capped with twist-off lid,
bottles were divided into two lots and each lot was separately pasteurized in autoclave (Ghizzoni
ଵ
Dante and Figlio, Felino, Parma, Italy). An ܨଵ
ൌ ͳͳ value was adopted for drinks characterized by
ଵ
pH<4.2, and an ܨଵ ൌ ͳ value was adopted for the pear drink, having pH>4.2. Figure 1 reports in
detail the three steps of drinks’ set up carried out with RCW1. Two formulations having about 14%
SSC were set up: blueberry 50+apple 50/RCW 70/30 (v/v) (MIX50+50, red) and apple/RCW 70/30
(v/v) (yellow). Then, two productions of apple-based and MIX50+50-based drinks were carried out
using RCW2 (production 1, 12 bottles/drink) and RCW3 (production 2, 54 bottles/drink) to study
the influence of RCW raw material (productions 1 and 2) and of 5 months of shelf life at ambient
temperature on open shelves (production 2).
After pasteurization bottles were kept for 15 days on open shelves at ambient temperature (20°C)
prior to sensory analyses. Three bottles per juice type per pasteurization lot were submitted to
sensory analyses using a panel of 10 judges; two sessions in subsequent days were carried out,
each one dedicated to a pasteurization lot. After being kept at 12°C for 24 h, each drink was
served in 100 mL transparent flute glasses coded with random three digits numbers. Drinks
produced during the three steps setting up were analysed with tests A (step 1 and 2) and B (step
3), whereas drinks of productions 1 and 2 were submitted to test C. Furthermore after 5 months of
shelf life drinks of production 2 were compared by triangle test with those at the beginning of
shelf-life, which had been stored at í30°C till the sensory test. In test A judges were asked to give
a pleasantness score (from 1 – highly unpleasant to 9 –highly pleasant) for color, odor and taste as
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well as to rank beverages according to their preference. In test B judges were asked to give a
pleasantness score (from1 to 9) for odor and taste, as well as an acceptability score (from 1 to 9)
and the proneness to buy it (yes/no). In test C the beverages were evaluated for the intensity of
sourness, sweetness and saltiness, the pleasantness of color, odor and aroma and the overall
acceptance using 120 mm lines with low and high anchors near the extremes.
Data of tests A, B and C were were submitted to Kruskal–Wallis one-way analysis of variance and
medians were compared basing on box-and-whisker plot. Prior to analysis of variance of test C
data, the rating scores of each attribute were standardized by panelist in order to remove the
variability due to panelists using different parts of the scale, and means were compared by Tukey’s
test at Pч0.05. The triangle test data were analysed using the significance table (Pompei &
Lucisano, 1991).

Results and Discussion
RCW-fruit based beverages set-up
Figure 1 shows the details of the three steps of the experimental plan followed to set up the
formulations for ‘yellow’ and ‘red’ RCW-fruit based drinks. In all the three steps drinks were
prepared using RCW1 and the selection of formulations was carried out analyzing the results of
the sensory tests (Figure 1, right; Table 1). Apple-based drink had the highest score for taste and
the second higher score for color pleasantness, and was ranked for preference in position 1 by 8
panelists out of 10 in both the sessions. Blueberry-based drink had the highest score for color
pleasantness, but the lowest score for taste pleasantness, as it was judged too sour and
astringent. Strawberry-based drink had the highest score for odor pleasantness, but low scores for
color and taste. Both the ‘red’ formulations were ranked for preference 8 times out of 20 in
position 3, but blueberry-based drink was ranked 4 times in position 2 and strawberry-based drink
2 times. Pear-based drink had a score for color equal to that of strawberry-based drink and odor
and taste scores equal to those of blueberry-based drink, and was ranked for preference 11 times
out of 20 in position 2.
Table 1- Average ranks (Kruskal-Wallis’s test) and medians (M) for pleasantness of color, odor and taste of
beverages of steps 1 and 2, and significance of test (sign) (**, P ч 0.01%; *, P ч 0.05%; ns, not significant).

Blueberry
Strawberry
Apple
Pear
sign

Step 1
Color
Odor
rank
M
rank
M
28.75 7.0 a 15.90 5.0 a
11.95 5.0 b 25.95 6.0 a
25.10 6.5 a 24.70 6.0 a
16.20 5.0 b 15.45 5.0 a
**
ns

Taste
rank
M
13.75 3.5 b
18.25 3.5ab
31.55 7.0 a
18.45 4.0 b
**

Blueberry
Mix 50+50
Mix 75+25
Apple
sign

Step 2
Color
Odor
rank
M
rank
M
54.75 7.0 51.23 6.5
41.27 6.0 40.10 6.0
28.50 6.0 34.63 6.0
37.48 6.0 36.05 6.0
**
ns

Taste
rank
M
23.63 5.0
41.86 6.0
45.89 6.0
42.60 6.0
*

Basing on these results, in step 2 two blueberry+apple-based drinks were tested with the aim of
buffering the too high sourness of blueberry juice as well as of enriching the apple juice with
anthocyanin compounds from blueberry. The MIX75+25 and MIX50+50 drinks were compared to
apple-based and blueberry-based ones. At sensory test blueberry-based drink had the highest
score for color and odor pleasantness, but the lowest score for taste, and was ranked first for
preference 2 times out of 20. Considering the average rank (Table 1), MIX50+50 drink was in
second position for color and odor, and in third position for taste. The worst rank position for color
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STEP3
Set up of RCW percentage

STEP2
Set up of Apple/Blueberry

STEP 1
Fruitjuiceselection

and odor was shown by MIX75+25 drink, which, however, had the first rank for taste. MIX50+50
drink was ranked first for preference 6 times out of 20, while MIX75+25 drink 5 times out of 20.
Apple-based drink was ranked third for color and odor, and second for taste, and was ranked for
preference 7 times out of 20 in position 1. Basing on these results apple-based and MIX50+50based drinks were selected to set up the maximum percentage of RCW to be used in the
formulation without impairing organoleptic quality. In both drinks, even if the increase of RCW
percentage from 20% to 40% did not significantly affect the odor and taste pleasantness (data not
shown), 10 out of 20 judges were prone to buy the apple-based/RCW 70/30 formulation (Figure 1,
right), and gave the highest score for acceptability for MIX50+50-based/RCW 70/30 formulation.

Figure 1. Schematic of the experimental plan for ‘yellow’ and ‘red’ RCW-fruit juice based beverages and
results of sensory analyses. Steps 1 and 2: sums of rankings in positions 1, 2, 3 and 4 according to
preference; step3: sums of answers to proneness to buy the beverage.

Influence of the type of RCW
The two formulations blueberry 50+apple 50/RCW 70/30 (v/v) (MIX50+50, red) and apple/RCW
70/30 (v/v) (yellow) having about 14% SSC set up with RCW1 were applied to prepare new lots of
drinks using RCWs coming from other two dairy industries (RCW2 and RCW3), in order to study
whether the characteristics of RCW by-product have an impact on sensory quality.
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color
odor
sourness
sweetness
saltiness
aroma
acceptability

Apple
RCW2 RCW3
53
78
48
69
38
39
84
84
48
52
57
61
52
54

P-value
***
***
ns
ns
ns
ns
ns

MIX50+50
RCW2 RCW3 P-value
57
85
***
60
74
**
67
70
ns
66
68
ns
63
68
ns
68
85
***
65
85
***

Figure 2 – Intensities of sourness, sweetness and saltiness, pleasantness of color, odor and aroma and
overall acceptability for apple-based/RCW2, apple-based/RCW3, MIX50+50-based/RCW2 and MIX50+50based/RCW3 (70/30) drinks (left), and mean scores for apple-based and MIX50+50-based drinks (juice/RCW
70/30) (right) (***, Pч 0.001%; **, P ч 0.01%; *, P ч 0.05%; ns, not significant).

Our results indicate that the RCW used to prepare the fruit-based drinks influenced color and odor
pleasantness in both the formulations, and aroma pleasantness and the overall acceptability in
MIX50+50 drink, with drinks prepared using RCW3 characterized by higher scores (Figure 2, left).
Considering the mean scores of each formulation (Figure 2, right), it was confirmed that MIX50+50
drink was more appreciated by panelists than the apple-based ones, showing an higher score for
the overall pleasantness; MIX50+50 drink had higher scores for pleasantness of color, odor and
aroma, and was judged sourer, less sweet and more salty than the apple-based drink.
Influence of shelf life at ambient temperature on open shelf
In order to study the influence of shelf life at ambient temperature on open shelves, after 5
months of shelf life apple-based and MIX50+50-based drinks prepared using RCW3 were
evaluated in the same sessions together with drinks at time 0 month of shelf life, which had been
stored at í30°C till sensory analyses. Drinks were evaluated both with qualitative descriptive
analysis (Figure 3, left) and triangle test (Figure 3, right).
Results indicate that the 5 month shelf life period on open shelves at ambient temperature did not
significantly influence pleasantness of color, odor and aroma, the overall acceptability and the
sweetness and saltiness intensities for both the formulations, whereas sourness intensity did not
change in MIX50+50 drink and increased with shelf life in apple-based drink (Figure 3, left).
However, when the same drinks were submitted to triangle test (Figure 3, right) the odd drink was
correctly recognized in test 1 for apple-based drink and in test 2 for MIX50+50 drink. Furthermore,
summing up the answers of the two tests for each formulation, judges were able to distinguish
drinks from the two shelf life times.
Test C
Apple
0 m 5 m P-value
color
76
71
ns
odor
73
72
ns
sourness
29
44
*
sweetness
79
76
ns
saltiness
50
52
ns
aroma
64
65
ns
acceptability 58
63
ns

Triangle test
test drink
N of exact choise
1 Apple
7 out of 10
1 MIX50+50 6 out of 10
2 Apple
6 out of 13
2 MIX50+50 9 out of 13
1+2 Apple
13 out of 23
1+2 MIX50+50 15 out of 23

MIX50+50
5 m P-value
78
ns
71
ns
74
ns
57
ns
53
ns
81
ns
78
ns

sign
0.05
ns
ns
0.01
0.05
0.01
Figure 3 – Intensities of sourness, sweetness and saltiness, pleasantness of color, odor and aroma and
overall acceptability for apple-based and MIX50+50-based/ RCW3 (70/30) drinks at the beginning (0m) and
at the end (5m) of shelf life at ambient temperatures (left), and results of triangle tests (right) (*, P ч 0.05%;
ns, not significant).
0m
82
75
68
63
50
70
69

69

Conclusions
The formulations for ‘yellow’ and ‘red’ RCW-fruit based functional drinks were defined basing on
their sensory quality. The most preferred drinks were made using 30% of RCW and 70% of fruit
juice: apple for the ‘yellow’ type and a blend of blueberry and apple (50+50) for the ‘red’ type.
RCW by-products coming from different dairy industries influenced the pleasantness of odor, color
and taste for both the formulations. The 5 months shelf life at ambient temperature on open
shelves did not significantly affect sensory quality of both formulations. However, the overall slight
differences in scores between the two times of shelf life allowed the judges to distinguish both
types of drinks from the two shelf life times by triangle test.
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Synthesis
Arundo donax L., (giant reed), is a perennial C3 rhizomatous grass belonging to the Poaceae family.
It is fully sterile, propagates in nature by rhizomes and has a high photosynthetic capacity. It is also
recognized as one of the most promising non-food bioenergy crops in Europe for production of
second generation bioethanol. Lignin and cellulose are the main component of the biomass.
The research plan proposed on A. donax, in the framework of the project CANADAIR, had several
ambitious aims: collect germplasm for the scope of the project, setup micropropagation and
regeneration protocol from somatic tissue, sequence the transcriptome of the plant, analyze the
transcriptome to identify regulatory and structural genes of target pathways (lignin and cellulose
biosynthesis, silica absorption and transport, put the bases for genome editing.
Tissue culture were initiated from immature inflorescence of selected clone of A. donax. Two
strategies were successfully developed for plant regeneration from flower and inflorescence
meristems: A) direct micropropagation by reprogramming the explants to vegetative meristems;
B) regeneration via callus of shoots or embryos. Both strategy are crucial to develop genome
editing approaches.
To understand complex genetic and physiologic phenomena in A. donax, a non-model species,
Next Generation Sequencing (NGS) technologies was employed to sequence the transcriptome of
culms and roots. The chosen technology (454 pyrosequencing, Roche) allowed us to tag most of
the genes of the biosynthetic pathways of the two most abundant components of the biomass:
lignin (phenylpropanoid biosynthesis pathway) and cellulose (starch and sucrose metabolism
pathway). Also genes of the pathway of nitrogen and sulfur metabolism and genes of silica
transporter were identify. We are able now to query our databases for many additional process
and function.
The expression analysis began from transcript of relevant genes of the phenylpropanoid
biosynthesis pathway that pilots the synthesis of the monolignol subunits of lignin: phydroxyphenyl (H), guaiacyl (G), and syringyl (S) phenylpropanoid. Various modified lignin
polymers might maintain the biological role of lignin in the plant, while permitting a more efficient
industrial saccharification of cellulosic biomass. In addition lignin is a source of aromatic
hydrocarbons and cycloalkanes for bioindustries. Several unigenes coding for each enzyme of the
pathway were analysed and expression analysis will say us which one has a relevant role in A.
donax and which one is a potential target for gene-editing technology.
Finally we approaches the ways of plant breeding methods that suit the reproductive biology of
the species. In parallel to modification at the genome level (aneuploidization, poliploidization and
haploid technology), current knowledge on tissue culture, transcriptome and expression data, and
technology reported in literature to express genes in plant cells in a transient way, let expect that
in the next year gene-editing technology will be the simpler and faster way to improve A.donax
notwithstanding its sterility.
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Sintesi
Arundo donax L. è una pianta erbacea perenne rizomatosa a ciclo fotosintetico C3 appartenente
alla famiglia delle Poaceae con distribuzione cosmopolita. Ha una elevata capacità fotosintetica,
anche in assenza di saturazione della luce. Al fine di analizzare il trascrittoma di A. donax l'RNA
totale è stato estratto da campioni di culmo (C_L) e di radice (R_L) ed è stato inviato alla ditta
Eurofins MWG Operon (Ebersberg, Germany) per il pirosequenziamento con lo strumento 454 GS
FLX Titanium System (Roche). Le reads ottenute, sono state assemblate in 164.248 and 146.278
unigenes rispettivamente per C_L e R_L, utilizzando il programma bioinformatico Genomics
Workbench 5.4, e quindi annotate con i tools Blast2GO e KAAS. L'annotazione ha permesso di
associare agli unigenes 436.589 e 378.399 termini di GO per le due librerie. Nel dettaglio: per la
libreria C_L 53.303 unigenes sono stati associati ai processi biologici (BP), 54.448 alla funzione
molecolare (MF) e 59.494 alla componente cellulare (CC); mentre per la libreria R_L 46.597 a BP,
47.671 a MF e 51.213 a CC. Inoltre, 39.060 unigenes appartenenti a C_L e 34.528 appartenenti a
R_L sono stati assegnati ad almeno un termine di GO di ciascuna delle tre categorie. L'annotazione
con il Blast2GO ha permesso di associare 1.115 differenti codici enzimatici (EC) a 23.032 sequenze
per C_L, e 1.118 diversi EC a 20.211 sequenze per R_L . Parallelamente l'analisi con il tool KAAS ha
permesso di associare a 4.383 e 4.231 unigenes di C_L e R_L rispettivamente un identificativo di
KEGG Orthology (KO).
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Introduction
Arundo donax L., (giant reed), is a perennial C3 rhizomatous grass belonging to the Poaceae family
and it is native of Southeast Asia. Recently, AFLP data suggested a monophyletic origin of the
germplasm spread in the Mediterranean basin (Mariani et al., 2010). A. donax has been widely
planted and naturalised in addition in the mild temperate, subtropical and tropical regions of both
hemispheres, especially in California, the western Pacific and the Caribbean. A. donax do not
produce viable seeds in most areas where it grows. It has a high photosynthetic capacity,
associated with absence of light saturation. CO2 exchange rates is high compared to other C3 and
C4 species. Under natural condition, the maximum CO2 uptake ranged between 19.8 and 36.7
µmol mо2 sо1, depending on irradiance, leaf age, and it is regulated by leaf conductance (Rossa et
al., 1998).
Next generation sequencing (NGS) technologies have opened opportunities for the analysis of
species without a sequenced genome, since large sequence resources can be generated at
relatively moderate cost. The increased throughput of NGS technologies, such as the massively
parallel 454 pyrosequencing (Roche), allows increased sequencing depth and coverage, while
reducing the time, labor and cost required (Metzker M.L., 2010). These technologies provide new
options to understand complex phenomena in non-model species and have facilitated the
transcriptome characterization of several non-model species (Wang et al., 2012). Here we report
the transcriptome analysis of A. donax, a species with great potential for biomass production, and
highlight the expressed genes of the phenylpropanoid biosynthesis and starch and sucrose
metabolism involved in biosynthesis of the major biomass component: cellulose and lignin.

Materials and Methods
Samples of A. donax culms and root were harvested from plants grown in pot. The tissues were
frozen in liquid nitrogen immediately upon collection and stored at -80°C until use.
Total RNA was isolated from 100 mg of A. donax culms or roots by RNeasy Plant Mini kit (QIAGEN).
High quality RNA samples were pooled to create culms (C_L) and roots (R_L) libraries. RNA of each
pool was sent to Eurofins MWG Operon (Ebersberg, Germany) for cDNA synthesis, normalization,
library construction and sequencing by 454 GS FLX Titanium (Roche).
After trimming of adapter and removal of short sequences (<50bp), 454 clean ESTs from the two
libraries were independently assembled into transcript contigs using CLC Genomics Workbench 5.4
(QIAGEN), with default setting. The resulting unigenes (contigs plus singletons) were compared to
non-redundant protein database (nr) of the National Center for Biotechnology Information (NCBI)
by BlastX, using Blast2GO (B2GO) bioinformatics tool v.2.6 (Götz et al., 2008) with the default
parameters. Gene Ontology (GO) annotation was done using a cut-off of 10-6 in order to retrieve
associate GO terms and Enzyme Commission (EC) numbers. The KEGG mapping, that provide an
alternative approach to categorize gene functions based on EC number for assignment of
biological pathways, was performed with a B2GO function. To further enrich the pathways
annotation and to identify the BRITE functional hierarchies, the unigenes were submitted to KEGG
Automatic Annotation Server (KAAS) tool (Moriya et al. 2007), with the following parameters: bidirectional best hit method (ESTs) and Arabidopsis and rice as the representative gene set.
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Results and Discussion
Sequencing of the two half-plate runs of the C_L and R_L generated a total of 825,369 and 776,467
raw reads. For C_L and R_L, 764,231 and 701,227 HQ reads were recovered with an average length
of 385.4 bp and 330.7 bp, respectively. The HQ reads were independently assembled into 164,248
and 146,278 unigenes for C_L and R_L, respectively. A total of 436,589 and 378,399 GO terms
were assigned to unigenes for the two library. In particular for C_L 53,303 unigenes belong to GO
term in BP, 54,448 to MF and 59,494 to CC; for R_L 46,597 unigenes belong to BP category, 47,671
to MF and 51,213 to CC. Moreover 39,060 unigenes for C_L and 34,528 unigenes for R_L were
assigned to multiple GO terms (Fig. 1). Among GO categories, we focused our attention on lignin
biosynthetic process (GO:0009809) that includes the genes of phenylpropanoid biosynthesis
pathway (129 unigenes) (Fig 2) and starch metabolic process (GO:0005982) that includes the
genes of starch and sucrose metabolism pathway (1064 unigenes) (Fig 3).
Differences between GO classes of the two libraries were displayed performing an enrichment
analysis, using Fisher’s exact test. The analysis revealed 89 GO categories that were differentially
represented in C_L against R_L. In detail 25 belongs to CC (7 over represented and 18 under
represented), 14 belongs to MF (9 over represented and 5 under represented) and the remaining
50 belongs to BP (29 over represented and 21 under represented). In particular 6 GO category
belonging to BP were exclusive to the roots: detoxification of cadmium ion, response to chemical
stimulus, response to metal ion, response to cadmium ion, response to inorganic substance and
response to toxin. The KEGG mapping identified 1,115 EC numbers assigned to 23,032 sequences
for C_L and 1,118 EC numbers assigned to 20,211 sequences for R_L. To enrich the annotation,
with KAAS tool, KEGG Orthology (KO) identifiers were assigned to 4,383 and 4,231 unigenes for
C_L and R_L respectively; 2,695 and 2,632 of these were unique KO assignments. The unigenes
associated with pathway in BRITE functional hierarchies were 4,626 for the C_L and 4,520 for the
R_L. Among the sequences in BRITE functional hierarchies, about 50.4% (C_L) and 50.1% (R_L)
were classified into the Metabolism group, in which the well-represented metabolic pathways
were carbohydrate metabolism (11.8% for C_L and 11,2% for R_L) and energy metabolism (6,8%
for C_L and 6.4% for S_L). The sequences classified into Genetic Information Processing (GIP) were
41.5% for C_L and 40.9% for R_L, with most of them were involved in Translation, Folding, Sorting
and Degradation and Signal Transduction for both libraries.
This study provides a survey of A. donax culm and root transcriptome, a tool to understand the
genetic background at the base of the great potential of the species as source of biomass for
energy and biomolecules harvest. The analysis of phenylpropanoid biosynthesis and starch and
sucrose metabolism pathways revealed that the majority of the genes involved in biosynthesis of
cellulose and lignin, the major components of biomass, were tagged. Transcriptome analysis
together with investigation of the emerging mechanism of transcriptome regulation, proteomic
and metabolomics are basilar knowledge to attempt further exploitation of the species.
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Figure 1. Venn diagram: number of sequence with GO annotation.

Figure 2. Phenylpropanoid biosynthesis pathway; coloured boxes represent enzymes identified in A. donax.
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Figure 3. Starch and sucrose metabolism pathway; coloured boxes represent enzymes identified in A.donax.
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Sintesi
Arundo donax L. è una pianta erbacea perenne rizomatosa a ciclo fotosintetico C3 appartenente
alla famiglia delle Poaceae con distribuzione cosmopolita ed è riconosciuta come una delle più
promettenti piante da bioenergia in Europa (Sablok et al 2014). La lignina è un eteropolimero
complesso formata da diversi monolignoli tra cui abbiamo l'idrossifenilico, il coniferilico ed il
sinapilico. Modifiche della composizione della lignina possono permettere un utilizzo più efficiente
della cellulosa per la produzione di zuccheri fermentabili nei processi industriali. L'analisi del
pathways metabolico dei fenilpropanoidi ha permesso di identificare alcuni degli enzimi coinvolti
nella biosintesi dei monolignoli. L'RNA totale, estratto da diversi spazi internodali di culmi di A.
donax, è stato retrotrascritto in cDNA per poter effettuare l’analisi di espressione di alcuni geni
della via metabolica della biosintesi dei fenilpropanoidi. L'analisi di espressione è stata effettuata
su due sequenze annotate come phenylalanine ammonia-lyase (PAL), caffeate Omethyltransferase (COMT), cinnamyl alcohol dehydrogenase (CAD); inoltre sono stati selezionati
come reference genes la gliceraldeide-3-fosfato deidrogenasi e l'eukaryotic translation elongation
factor 1 alpha. L'analisi statistica ha messo in evidenza una modulazione dell'attività enzimatica a
partire dal quarto - sesto spazio internodale.
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Introduction
Arundo donax L., commonly called giant reed, is a perennial C3 rhizomatous grass belonging to the
Poaceae family, colonising temperate and tropical environments. It is also recognized as one of the
most promising non-food bioenergy crops in Europe for production of second generation
bioethanol (Sablok et al., 2014). Lignin and cellulose are the main component of the biomass.
Lignin is a complex phenolic heteropolymer formed by coupling of different monolignol subunits;
p-hydroxyphenyl (H), guaiacyl (G), and syringyl (S) phenylpropanoid units are the three most
frequent (Vanholme et al., 2012). Lignin composition changes between plant species; in detail
grasses incorporate G and S units at comparable levels and more H units than dicots. The ratio of S
to G subunits establishes the degree and the nature of polymeric cross-linking. In addition to
structural support, lignin defences plants against herbivorous, pathogen and mechanic stresses.
The biosynthesis of lignin takes place in three main steps: monolignol subunits formation in
cytosol; transport of these subunits to cell wall; monolignol oxidative dehydrogenation and
polymerization to form lignin (C.J. Liu, 2012). The synthesis of monolignols from phenylalanine
requires several enzymes: phenylalanine ammonia-lyase (PAL), three different cytocrome
P450_dependent monooxygenases (C4H, C3'H and F5H), two methyltransferases (CCoAOMT and
COMT), two oxydoreductases (CAD and CCR), a trans-cinnamate 4-monooxygenase (4CL) and a
shikimate O-hydroxycinnamoyltransferase (HCT). In many plants, some or all these enzymes were
identified as multiple isoforms (Bonawitz and Chapel, 2010). The interest of lignin biosynthesis and
its modification is increased due to the development of cellulose-based bioenergy production.
Various modified lignin polymers might maintain the biological role of lignin in the plant, while
permitting a more efficient industrial saccharification of cellulosic biomass (Vanholme et al., 2012).
In addition lignin is a source of aromatic hydrocarbons and cycloalkanes for bioindustries. Recently,
genomic and transcriptomic approaches have shed new light on lignin biosynthetic pathway and
the relationship between its structure and function in vivo (Zhong and Ye, 2009). In this work we
analysed expression of several genes of the phenylpropanoid biosynthetsis pathway in order to
identify enzymes specifically involved in the process of lignin biosynthesis during the vegetative
phases of A. donax.

Materials and Methods
Tissues from internode one (first visible below the apical dome) to internode ten of A. donax
culms were harvested from potted plants during vegetative development. The tissues were frozen
in liquid nitrogen immediately upon harvest and stored at -80°C until use. Total RNA was isolated
from 100 mg of each sample by RNeasy Plant Mini kit (QIAGEN). Total concentration was checked
with Spectrophotometer Nanodrop 2000 (Thermo Fisher Scientific Inc.) and the quality assessed
with a “Total RNA Stdsens” chip for Experion system (Biorad). The reverse transcription from RNA
to cDNA was performed with High-Capacity cDNA Reverse Transcription Kit (Life Technologies)
following the kit protocol.
We focused the attention on different enzymes of phenylpropanoid biosynthetic pathway; the A.
donax elongation factor 1-alpha (eEF1D) and glyceraldehyde-3-phosphate dehydrogenase (G3PD)
genes were employed as the references. Primers were designed using Primer-BLAST tool
(http://www.ncbi.nlm.nih.gov/tools/primer-blast/) on 454 GS FLX Titanium (Roche) sequences
(Allavena, unpublished). Amplification was done using SsoFast™ EvaGreen® Supermixe (Biorad)
according to manufacturer's instructions. For each reaction, three biological replicates and three
78

techn
nicaal rep
r licaates w
were p
perfformeed. Aftter no
orm
maliizattion
n, ttran
nsccript abundaancces weere
e co
omparred
d
ussingg th
he 2-ѐѐѐCt meth
hod
d. TThe W
Wilcoxo
on--Maann
n-W
Whittneey tes
t t was
w s ap
pplied
d ass im
mplem
men
nted in the
t e
GrraphPaad InSStatt v3
3.10
0 packkagge (ww
ww..graaph
hpaad.ccom
m).

Re
esults and Disc
D cusssio
on
Th
he analysis off phe
p nylpro
opaano
oid biosyynthessis paathw
way aallo
owss the identtificcattion
n of
o d
difffere
entt
en
nzym
mees in
nvo
olve
ed in m
mo
onolign
nols biossyntthe
esis (Fig 1).
1 In det
d tail un
nige
enees wer
w re aann
notaate
ed aas: thirtyy
ph
henyla
alan
ninee amm
a mon
nia
a-lya
asee (P
PALL; EC
E 4
4.3.1.2
24), siix caff
c feo
oyl-C
CoA
A O-m
O meth
hylltra
ansffera
asee (C
CCo
oAM
MT;;
EC
C 2.1.1
1.104)), two
t o ccafffeatte O-m
meethyyltrranssferasse (CO
( OMT; EC 2..1.1
1.68
8), se
even
n cinn
c nam
myll allcoh
holl
deehydro
ogeenase (CA
AD;; EC
C1
1.1.1.1
195
5), twe
t elve
e ccinn
nam
moyyl-C
CoA
A reedu
ucta
ase (C
CCR; EC 1.2.
1 .1.4
44), tw
wen
ntyy
seven
n 4-cou
c uma
arate-CoA
A ligasee (4C
( CL; EC
C 6.2.1
1.12), six cin
nna
ama
atee 4-hy
4 ydrroxyylase (C
C4H
H; EC
C
14.13.11
1), tw
wo hund
dreed an
nd tw
wentyy eeight la
acto
opeeroxxidasee (EC
C 1.1
11.1
1.7)) and
a d thirtyy
1.1
ph
henyla
alan
ninee/tyyro
osin
ne amm
a mo
onia
a-lyyasee (P
PTA
AL; EC 4.3
3.1.25
5).

Figgure
e 1. Sim
mplifie
ed diag
d gram
mo
of phen
nylp
propan
noid
d biiosyynth
hessis path
p hwaay (ma
( ap0094
40);;

he exp
e presssio
on anaalysis,, peerfo
orm
med
d on
o eeigh
ht uniigeness, ann
a otaated as
a P
PALL (ttwo
o), CO
C MTT (ttwo
o) and
a d
Th
CA
AD (fo
ourr), sho
oweed th
he mo
odu
ulattion
n o
of gen
g ne exxpreession
n betw
b wee
en th
he fou
urth
h aand
d the sixxth
h
intternod
de (Tab.. 1).
1 As exxpe
ecteed, PA
AL ge
enee, the
t
first geenee of
o thee path
p hway reespo
onssiblle forr
traanssforrmaatio
on of phenylalan
ninee or
o tyro
osin
ne into
o cinn
c nam
mic accid or p-cou
umaric acid
a d re
esp
pecttive
ely,,
waas act
a ivated
d firrst but att th
he sam
s me inte
ern
nod
de o
of COM
C MT, on
ne of the
t e firrst dow
wnstream
m ggen
ne. TThee CAD
CAD
un
nige
enees wer
w re mod
m dulate
ed aat the
t levvel of the
e 5tth or
o 6th nte
i ernode.
Geene
e exxpresssion
n an
nalyysiss provvidees info
orm
mation
n to
o identtifyy targeet para
p alogguees rele
r evaant forr A. do
ona
ax
im
mpro
oveementt.

79

Unigenes

Amplicon size

Amolicon name

Contig 36197
Contig 20501
Contig 21896
Contig 47505
Contig 25961
Contig 56852
Contig 47479
Contig 60003
Contig 26724
Contig 43421

201bp
176bp
215bp
192bp
246bp
254bp
190bp
216bp
161bp
237bp

eEF1D
G3PD
PAL1
PAL2
CADP1
CADP2
CADP3
CADP4
COMT1
COMT2

Beginning of gene modulation
(internode)
Reference
Reference
4°
4°
5°
6°
5°
5°
4°
4°

Table 1. Expression modulation of eight unigenes in internode tissues of A. donax.
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Sintesi
Arundo donax è una specie a riproduzione asessuale via rizomi con un patrimonio cromosomico
poliploide(2n=108-110). Per il miglioramento genetico della specie non possono essere applicati i
metodi classici di incrocio ma esclusivamente metodi che agiscono sulle cellule somatiche e che si
avvalgono delle tecniche di coltura in vitro. Sono descritti i metodi di miglioramento di maggiore
interesse con esclusione della trasformazione genetica non accettata al momento in Europa.
Modificazioni del genoma: aneuploidizzazione, poliploidizzazione e tecnologia degli aploidi.
Piante aneuploidi e poliploidi possono essere ottenute in seguito a trattamenti con varie sostanze.
L’aneuploidia potrebbe essere una strategia per modificare l’espressione genica mentre la
poliploidizzazione potrebbe restituire almeno parzialmente la fertilità. La coltivazione in vitro dei
pochi granuli pollinici che la pianta produce potrebbe aprire la porta alla ricombinazione/riduzione
del genoma.
Mutagenesi convenzionale e variabilità somaclonale. E’ abbastanza improbabile vedere a livello
del fenotipo eventuali mutazioni indotte con agenti chimici o fisici considerato il livello di ploidia di
A.donax. Lo dimostra anche la scarsa variabilità prodottasi naturalmente nel Mediterraneo dopo
l’importazione dall’Asia. Le colture in vitro sono sorgente di variabilità ma spesso ci si trova di
fronte a variazioni epigenetiche non trasmissibili.
Mutagenesi sito specifica. E’ un processo di mutagenesi che si mette in atto in conseguenza di un
taglio effettuato in entrambi i filamenti della sequenza codificante di un determinato gene e della
successiva riparazione mediante un processo di ricombinazione non omologa che comporta
possibili mutazioni. La sequenza mutata potrà produrre un nuovo fenotipo. A confronto con la
mutagenesi convenzionale, la mutagenesi sito specifica può agire a livello dei diversi alleli presenti
nella pianta (due nelle specie diploidi o più nelle altre) ed anche a livello di geni duplicati
(paraloghi). Le mutazioni sono quindi visibili a livello di fenotipo con una frequenza accettabile. La
mutagenesi sito specifica può essere indotta con strumenti che non prevedono l’integrazione nella
pianta trattata di sequenze geniche esogene per cui tali piante non sono OGM.
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Introduction
Arundo donax is native of south-east Asia. Molecular evidence support a monophyletic origin of
the plants invading the Mediterranean Basin first and of the Central – North America thereafter.
The chromosome number (2n=108-110) reveal a possibly polyploidy nature involving two parental
donors and aneuploidy. Either ovule and pollen development are disrupted most likely in
consequence of the chromosome set. Outside the centre of origin, A.donax behave as a
vegetatively propagated species. In nature, rhizome fragmentation is the main source of
propagules.
Classic plant breeding methods based on cross and progeny selection, do not apply to plant
species that have lost the ability to produce sexual seed. Plant breeding approach that involve
somatic and meristematic tissue and recent advances in biotech approaches offer opportunity to
improve A. donax. All these approaches are greatly supported by techniques of in vitro culture and
regeneration from somatic tissue that have been established but not yet optimized. Some of the
techniques that fits the reproductive biology of A. donax are briefly reviewed with exclusion of the
transgenic approach that even effective is not accepted, at the moment, in Europe.
Genome modification: aneuploidization, polyploidization and haploid technology
Plants with aneuploid and poliploid chromosome set are expected to be created by exposing
either morphogenetic calli or micro cuttings in active propagation in vitro or plant buds in vivo to
several chemical agents (eg. colchicines, oryzalin, griseofulvin). Aneuplody is generally well
tolerated in plants and has multiple effect on expression not only of genes of the involved
chromosome but also on background genes. Considering the reasonable polyploid nature of A.
donax genome, aneuploidization seems to be the most practical genomic approach to modify gene
expression and to induce genetic variation. Polyploidization is generally expected to restore
fertility in progeny of interspecific crosses; even a poor recovery of fertility would give a
noteworthy contribution to A. donax breeding. In addition polyploidy usually forms vegetative
organ with increased size and flowering delay. Both traits are expected to contribute to a final
improvement of biomass production. Haploid technology is employed for pure line production and
in addition to reduce complex genomes into their components. Notwithstanding sterility due to
meiosis failure and collapse of ovule, A. donax produce some normal pollen, among the multitude
of abortive pollen grains, leaving an open door to attempt genome recombination/reduction by
anther culture.
Conventional mutagenesis and somaclonal variation
Tissue cultures are expected to induce somaclonal variation. Most of the mutated phenotypes
observed in micropropagated plants have an epigenetic nature and take origin either by unknown
factors under in vitro conditions and/or most probably by growth factors employed to redifferentiate cell programs and speed up propagation. Genetic mutants caused by chemical or
physical treatments are estimated to be barely visible in A. donax M1 generation, a species with a
complex genome and likely with at least 3 alleles at each locus. Indeed, thousand years of asexual
propagation around the word yielded very little genetic variation.
Gene-editing technology
Recent transcriptome analysis of A.donax (Sablok et al., 2014) open the chance to apply genome
editing to the species. Genome editing was developed first to study gene function as an option to
gene silencing. Developed technology relay on engineered nucleases that are driven to target DNA
in a sequence-specific manner by Zink Finger protein, (ZFN), Transcription Activator-like Effector
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(TALENs) or by Clustered Regularly Interspaced Short Palindromic Repeats (crRNA) in CRISPR/Cas
(Belhaj et al., 2013). In the last method, a transactivating RNA (tracrRNA) is required to form a
ribonucleoprotein complex with the Cas nuclease. The crRNA and tracrRNA can be combined in a
guide RNA (gRNA) with function of both original RNA. The CRISPR/Cas method allows easy target
of different genes simply engineering the 20-bp nucleotides of the gRNA complementary to the
target DNA. Besides CRISPR/Cas construct can target simultaneously multiple genes. Nucleases
generate a double strand break in target DNA. DNA repair, by non homologous end joining, results
in high frequency of gene mutations in the cleavage site. Alleles and paralogues can be targeted
simultaneously in the targeted genotype allowing identification of mutations without progeny
segregation. Off-target modification of the CRISPR/Cas system are reduced by longer recognition
sequences or employing two modified CRISPRs recognising the two strands of a single DNA locus
and driving their Cas nickases to cut a single strand DNA filament into a exclusive site. Targeted
mutagenesis seems to be the choice technology for A. donax that cumulate sterility and a complex
genome.
The majority of the genome editing experiments rely on the insertion and expression in the plant
genome of the ZF, the TALE and CRISPR nuclease/nickase genes. To remove unwanted DNA in
mutated plants (either inserted gene, plasmide backbone or their parts) the site specific
recombination technology is available for sterile plants where progeny recombination is not
applicable. Nevertheless, in the most favourable cases at the end of the recombination process, at
least one recombination site (e.g. Lox P) will reside in the plants and for this reason the plant must
be considered a GMO. The challenge is: find a way to express the genes needed to genome editing
in a transient way. Basically, three strategy are available, each with pros and cons.
Virus mediated gene expression. Virus were widely employed for virus induced gene silencing
(VIGS) and for production of biopharmaceuticals either in monocot and dicot plants. Barley stripe
mosaic virus (BSMV), that infect several monocot, can express ORF up to 1800 bp including
proteins of 64 KDa (Pogue and Holzberg, 2012). The use of viral vectors for protein production in
plants has several advantages. The protein yield is high and can be produced quickly. The viral
genome is incorporated into the plant genome and consequently it does not form heritable traits.
Nevertheless at present status of knowledge, virus does not seems suitable to express in planta
Cas nuclease a gene with 4200 bp coding sequence.
Agrobacterium-mediated transient gene expression. Agrobacterium stable transformation
requires integration of single or multiple copies of the T-DNA into plant DNA. Derived plants are
genetically modified organisms (GMO). Usually few plant cells are stably transformed; selectable
markers are co-transformed with the gene of interest and appropriate pressure is request to give
advantage to transgenic cells. Most of T-DNA copies do not integrate but remain temporary
present in the nucleus and can be transcribed and translated from plant machinery, leading to TDNA transient gene expression (Kapila et al., 1996). Transient gene expression is recognised one of
the elite approaches for molecular farming (Komarova et al., 2010). Plant Agrobacterium infection
may be easily achieved by co-cultivation, infiltration by a syringe, vacuum infiltration, wound and
agro-spray. Many factors can influence transient expression efficiency: plant species and
genotype, type of the construct (eg. promoter, cellular targeting), T-DNA border sequence, Vir
gene expression level and environmental conditions such as temperature profiles. Considering the
abundant literature on Agrobacterium mediated transient gene expression, it is expected that the
genome editing machinery will function and edit plants at a desirable frequency. In absence of
selection, it is expected a low frequency of transgenic plants that could be identify by truthful
analysis and excluded. Improved Agrobacterium mediated transient gene expression vectors take
advantage of insertion in the T-DNA of RNA-dependent RNA polymerase and movement protein
genes of TMV (deconstructed virus) appropriately engineered by removing putative intron like
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features, adding plant introns and mutagenizing silent regions. The improved vectors allowed the
infection and expression of the reporter gene GFP in full leaves after 4 to 6 days after immersion
into Agrobacterium cell suspension (Marillonnet et al., 2005). This technology was called
“magnifection”. Baltes et al., (2014) developed an advanced version of the deconstructed virus
strategy to express transgene in plants using three elements of the geminivirus BeYDV (DNA virus):
the cis acting element LIR, the short intergenic SIR and the trans acting replication-initiation
protein (Rep) and RepA. Concomitant agroinfiltration of plant leaves by two Agrobacterium strains
carrying either the RepA gene or the construct comprising LIR – reporter gene (Gus or GFP) - SIR –
2x35S – LIR (LSL T-DNA), a robust increase of expression of the marker gene was observed in
consequence of the formation of a Geminivirus replicons (GVR) and expression of the reporter
gene by 35S promoter. Unfortunately, a comparison with the expression of the reporter genes
directly under the control of a 35S promoter was not reported. The methodology was successfully
tested to verify its capacity to express ZFNs, TALENs and CISPR/Cas components and to recover
plants with edited genes. Finally, a single-component that requires the delivery of one T-DNA only
was developed. Agrobacterium-mediated transient gene expression is the most experimented
technique for plant genome editing.
Cell-penetrating peptides. Certain cell-penetrating peptides, peptide mimetics, polyamine
peptoids (polylisine-like) and polyguanidine peptoids (polyarginine-like) have been shown to be
endowed with transport function and the structural feature of this function have been
characterized (Eggenberg et al., 2009). Chen et al., (2007) demonstrated that short arginine-rich
peptide was capable of delivering plasmid DNA into living plant cells without cell wall degradation.
The technology was use in addition to deliver protein (Lu et al., 2010). Eggenberg et al., (2010)
successfully employed peptoids to vehicle nanoparticles targeting specific sub-cellular structures
in plant cells. Peptides and peptoids-mediated DNA delivery conferred several advantages in
comparison to other methods such as nuclear targeting, non toxic effect and easy preparation.
Although not yet fully applied, this technology that allow to transfer genetic materials and protein
either directly or via nanoparticles, may become the choice in the near future.
Conclusion
Both classical and advance breeding strategies that suit the reproductive biology of A. donax are
available. All are supported by tissue culture protocols that permit plant regeneration from
immature inflorescences, directly or via callus culture. Recently, was reported the transcriptome
sequencing of buds, culms, leaves and roots and now are accessible the sequence of the genes
involved in the pathway of the principal component of the biomass as well as genes of the
photosynthetic process and key genes of almost all biological process. We have basic knowledge
to enter precompetitive research process.
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