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1. INTRODUCTION

1.1- SICILIAN VITICULTURE

For more than 2500 years Sicily has been a relesamnire of viticulture in the
Mediterranean. The classic Mediterranean climateh&racterized by hot summer and
moderate rainfall; it is particularly suitable faiat of grapevines needs. Moreover,
Pantelleria is a very hot island (with Winkler Ixdef 2400), Erice and Etna are cooler
mountain (Winkler Index of 1200 and 1800 respedtyive

Sicily has 112.484 hectares of vine growing and the third region in the world
for surface cultivated of vine after California aBdrdeaux. 67% of it are white grape
variety and 33% are black grape.

In the last century, there was a decline with régao the quality of the wines due
to encourage government-driven schemes pushinigigber productivity on the island.
Higher yields caused an over-production of lowealgy wines, even if reduced
consumer confidence, with lower revenues and atadipn tarnished. Luckily, the
dramatic decrease in wine consumption since th@dg,9%nd the more quality-focused
attitudes of wine producers, has led to excellerslity of wine Sicily’s in the present
day. In the last decade there has been a struatopabvement in the productive sector;
in fact Sicily’'s wines came only from traditionablgjet-trained vines in the past, while
nowadays come mostly from the espalier system (y®@3h vine (11%) and trellis
system (10%).

Today the plant density is 2,0 - 2,70 x 0,70 - Ip5@nd the irrigation surface is
more than 60% of total surface. 140 Ru, 1103 P,R,7975 P, 110 R are rootstocks,
more used in this region.

Moreover, wine production is 7 mil hl every year (faly 45 mil hl). Sicily has 7
geographical indications (IGT), 23 denominatiorongin (DOC), and 1 controlled and
guaranteed denomination of origin (DOCG).

The soils and the landscapes are of particularestavhen it comes to studying
Sicilian viticulture. Mount Etna, Europe’s tallesttive volcano at 3330 m, dominates
the island’s eastern skyline and is responsiblettier mineral-rich, dark soils which
characterize the Etna DOC. Vineyards are now bplagted higher up on the volcanic

slopes, to capitalize on the cooler air and rigwls there. 80 km south, there are Iblei
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Mountains that have an important place in eastéciigh wine production. On their
lower slopes and the coastal plains below themP®€s of Siracusa, Noto, Eloro and
Vittoria sweep from east to west, forming a cresedmch mirrors the coastline.

The limestone hills, in western Sicily, have venfluential on the grape quality.
In fact the western coast of the island is covdrgdhe Marsala DOC, and within this
area fall the DOCs Alcamo, Contessa Entellina, @&dNivolelli, Erice, Menfi,
Monreale, Salaparuta, Santa Margherita di Belicé Sniacca, Sambuca di Sicilia.
(Report of Istituto Regionale Vini e Oli, 2012).

The developments of molecular biology has confirrtteat the varieties can be
the result of small and localized paradomesticapbanomena, that started ages ago,
influencing the genetic structure of wild populatioom generation to generation.

During the centuries, thanks to numerous tradeiies, some varieties arrived in
Sicily, so we can think they are related to theli@it origins (Biagini, 2011).

The existence of thousands of grape varieties nofgan viticulture is a witness
of the essential contribution of people who donwveséid the plants, guided by their
culture, their myths and their daily lifestyle.

Levadoux (1956) affirms that the secret of the iaggf viticulture is in the wild
grape, in the analysis of the individual which stié alive in the areas of domestication.
Thus the presence of ancient grape varieties, wprobably have suffered a minor
process of domestication, may represent the methes of varieties cultivated today.

There are several consideration which are necedsado this, including the
conservation and study of ancient grape varieflexlay, this European viticultural
heritage constituted by countless varieties, besygultivated and wild of vines
represent the biodiversity present in our territdrigis biodiversity is a popular way to
describe the diversity of life on our planet. Themegtic diversity in agriculture can adapt
to different environmental conditions speculaticagricultural and socio-economic
conditions (Menini, 1998).

It is very important to preserve the biodiversity this adaptability of the vines
that are not selected or those ancient vines teat@longer cultivated.

Sicily is still one of the few richest regions a&soEurope in viticultural
biodiversity and here it's possible to find lotswifies. However, this biodiversity is
increasingly under threat by development modelsdbminate the world scene for over

a century.



The model of agricultural development establishi#drahe Second World War
plays a fundamental role: the "variability produetl' the promiscuous cultivation, the
small plot of land, the presence of non-cultiveseelas considered "unproductive”, have
been seen for decades as limiting factors for ptol and high yields, considered the
main objective of farming.

Small farmers, upholder for centuries of traditiand of world's agricultural
heritage, have been gradually marginalized fronptioeess agricultural "industry”. The
result was the gradual selection of plants vulnerad any environmental changes or
new adversities (Menini, 1998).

The scientific community as FAO Panel of Experts Rlant Exploration and
Introduction (1965), International Board for Pla@snetic Resources (1974), European
Cooperative Programmers Conservation and Exchamg€rap Genetic Resources
(1980) and Convention on Biological Diversity (199ve launched several strategies
to oppose this progressive erosion of the genetitdge. The principal strategies are:

» the establishment of a worldwide network of "gem@nks" and botanical
gardens;

« the preservation in situ of specific heritage aadetal.

The programs for the conservation and enhancenfdoibdiversity at the local
level can be an important response to the progressipoverishment and degradation
of the environment, contributing to the achievemehtthose key objectives for
sustainable development to be transmitted to fugererations.

At the end of 1800s, in the viticultural sector,e tiproblem of sorting
ampelography platforms was born. In the early 1A0@se was a wine production of
excellent quality, but since this time forward, $gread of consumption linked to the
energy value of the wine was dominated by a ruiatwture, that was brought in
territories not particularly suited to involve thee of poor-quality vines (Calo, 2004).
In contrast to this decay an important cultural sroent, supported by the Academies
and a whole class of scholars (Fourth, Ridolfi, Blasais, Oudart, Foéx, Molon,
Rovasenda, Mondini, Frijo), which set out the obyes of the study and creation
national ampelografic platform and of the viticu&tLinventory, developed. So, in 1882
the Ampelographic Central Committee and Ampelogi@g?Provincial Commissions
was founded; we can find ones in Sicily, in thevmoes of Catania and Palermo (Bica,

2007). However, the commission Ampelographic cldsivéh the devastation caused
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by the invasion of phylloxera which, together waibwdery mildew and downy mildew,
changed the European viticulture.

This made it necessary, in the early 1900s, a amzgtion and a chart of
varieties with the creation of the Register of viragieties in the Experimental Institute
for Viticulture of Conegliano, in the Veneto region

Later, with the birth of the European Economic Camity the classification of
vine varieties, that can be cultivated administeatunit, was established, (EC Reg
816/70). In Italian territory the cultivation of ae vines enrolled in the National
Register of variety and distinct from each provimaes only permitted (EC Regulation
2005/70).

In such a register 445 varieties, of which morentB@0 are native, were recorded,
although many of these were little cultivated. &ctf with the globalization of the
market and the consequent standardization of tabi® has been a globally decline in
the number of grape varieties cultivated in favolua few that have found wide spread
because of their easy adaptability to differenmalic conditions (Tosi and Mirandola,
2006).

The significant reduction of the area planted witime varieties of minor
importance has led to the disappearance of madititnaal varieties and consequently
the reduction of the variability within the spec{&uganuet al, 2008).

In summary we report a summary of the differentivations of the erosion of
wine heritage (Bandinelgt al, 2005):

e Coming of powdery mildew (1845), phylloxera (18@®)Jd downy mildew (1878).

» Change from an economy based on self-sufficien@xehange economy.

* Appeal to the practice of grafting on American \@ne

» Viticultural reconstruction and development of maaization in viticulture;

» Switching from mixed to specialized viticulture.

» Birth of the disciplinary production of quality wen

* Intensification of clonal selection.

» Establishment of "National Catalogue of Varieti@@PR 24-12-1969 n.1164).

* Plans wine production (EAGGF Regulation 25/1962 Redulation EEC 728/70).

* National Catalogue of Varieties recommended andaaisted by Province
Around 1970 we understand the importance of regowassess and enhance the

germplasm of different species. In fact projectgolning the rediscovery of ancient
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cultivars, varieties no longer grown, began to eated. The study of these varieties
has allowed and will allow to enrich the Nationadister of Grapevine Varieties, as
well as a source of genes for future studies oétiemmprovement.

Although the majority of vines once planted wad,lgsu can still say that Italy
preserves a great biodiversity in each region andording to the data recorded in the
National Catalogue of Varieties of Vine, has a éargumber of local species. The
reasons that support such data are readily idebl#i Italy, in fact, has for centuries
been the centre of the exchange of a wide varieggacultural products; temperate
climate is also extremely favorable to the culfimatof Vitis viniferaL. and the Sicilian
geomorphology. It is clear, therefore, as the funelatal problem of our country is to
first recognize and then preserve the magnificadtlarge genetic viticultural diversity.

For this purpose the European project GrapeGen0686(2010) continued the
process already undertaken within the program GEBIRH96 No 81 (1997-2002)
with the objective of standardizing the procedui@sgenetic analysis leading to the
creation of a European database for the vine (EBaoVitis Database - http://www.eu-
vitis.de/index.php), which collects morphologicaidagenetic profiles of numerous
accessions preserved in Europe. At national level AGER project (2010-2013) is
contributing to the creation of an Italian wine alzdse to be of public access for
cultivars of our territory (http://www.vitisdb. €

At a regional level, Sicily is the largest islamdthe Mediterranean and presents
128,000 hectares of vineyards, more than any dthkan regions (Anderson, 2006).
Paleobotanical discoveries of the geNiiss reveal the cultivation of vines since the age
ancient history (Collesano, 1998).

The great complexity of local cultivars in this i@y can be attributed to various
reasons, such as: various environmental condititisn the island, cultivation of new
genotypes introduced by human migration (Dagtgal, 2001), genetic mutations and
pollination crossed with wild populations or frorhet domestication of wild plants
(Snousskt al, 2004). What is certain is that the Sicilian gnape germplasm has been
introduced at different times and from differenbgeaphical areas (Cariret al, 2010).

The variability of the grapevine can be observedeirms of morphology and
quality (Alleweldt and Possingham, 1988). The amgelphy (from the Greek
ampelos, vine and graphos, description) is useftie identification of grape cultivars
(Galet, 1991; OIV, 2009).



Unfortunately, these determinations are based aracteristics that can be
affected by environmental conditions (Levadoux,@;9kessieet al, 1999).

Traditionally, morphological and agronomic charastes were the main criteria
to differentiate grape varieties, but it is knowmatt many characters are strongly
influenced by environmental conditions. Howevee tjieat variability recommends the
use of more accurate methods, and a wide rangmdfdmical and molecular markers
have been used with success to characterize asdifgldhe germplasm collections
(Caloet al, 1994).

Clonal selection, recovery and conservation of bedity, wine production
quality are the key words of the project "Valorizimme dei Vitigni Autoctoni Siciliani”
(Enhancement of native grapes Sicilian), which Bepartment of Agriculture and
Forestry of Sicily launched in 2003. The objectieéshis plan are:

» Renovation and development of Sicilian grapes;

« Study and evaluation of the resource quality ofviines in relation to the "terroir";
* Obtaining clones of grape varieties approved;

« Offer grape growers to propagation material setgcte

* Study of the effects on health and food safetyioli&n wines

The objectives of the project are to promote andleghe most significant Sicilian
cultivar in the National Catalogue and the ancignés "relic" through protocols wine
can enhance the quality of the grapes.

To this end, we examined carefully the platform elography of Sicilian
investigations involving about 500 companies lodate 84 municipalities in eight
provinces. This large number of companies was t#amn the basis of the presence of
vineyards ancient constitution where the variapikt usually best preserved and where
a large number of varieties in extinction was idfeedt. The Sicilian viticultural heritage
was such classified into three categories in otdeactivate specific initiatives for the
enhancement of each grape variety:

» Grapes of regional interest;
 Grapes of local interest;

» Grapes ancient "relic".



1.2- TERROIR

The cultivation of grapes and production of wineissignificant cultural heritage and
its impact on the economies is significant.

Terroir has been acknowledged as an important rfactowine quality and style,
particularly in European vineyards (Falcetti 199#).can be defined as an interactive
ecosystem, in a given place, including climate), soid the vine (rootstock and cultivar)
(Seguin 1988). Some authors also include humamrfaauch as viticultural and enological
techniques in their definition of terroir (Seguifi8b). It is difficult to study the effect of all
the parameters of terroir in a single experimerdniylauthors have assessed the impact of a
single parameter of terroir on grape quality: cliendWinkler et al. 1974, Huglin 1978,
Gladstones 1992), soil (Seguin 1975, van LeeuwehSeguin 1994), cultivar (Riou 1994,
Huglin and Schneider 1998), or rootstock (May 19%jne is a complex mixture, which is
the product of the interaction between the enviremitand several organisms’ biochemical
profile, including the genome, proteome, and mdtahe and understanding the nature of
these complex interactions has the potential taifse@ntly contribute to improvement of
viticulture and oenology.

Before introducing the results obtained in this ky@ome knowledge that the scientific
world has provided about the flavonoids\afviniferaand particularly on proanthocyanidins

(tannins) will be presented.

1.3- GRAPE PHENOLIC COMPOUNDS

Grapes polyphenols are made up of monomeric angmmulc molecules belonging
classes of flavonoids and non-flavonoids. They doeated in the juice (acids
hydroxycinnamic related tartaric), the solid parf the pulp (proanthocyanidins,
hydroxybenzoic acids), seeds (gallic acid, monomeasiitechins, procyanidins oligomeric and
polymeric) and skins (anthocyanins, monomeric ¢ates; procyanidins and prodelphinidins
oligomeric and polymeric, flavonols, dihydroflavdso hydroxycinnamic acids related

tartaric, hydroxybenzoic acids, hydroxistilbendsy(1).
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fig. 1 — schematic structure re of a ripe grapeyband pattern phenolics biosynthesis distribubetween several
organs and tissues (Teixeira et al. 2013)

The composition of the different classes of berpégnolic compounds is based on
different factors, environmental, cultural and kaeel of maturity of the grapes.

In the different varieties ofitis vinifera at the level of juice, the differences are mainly
guantitative. Prevalils, in fact, always, caffeitaéaic acid (caftaric acid, CTA) on p-coumaroyl
tartaric acids (coutaric acid, p-CUTA) and tartdaaulil (fertaric acid, FTA). Cinnamic acid
in the skins main may be the CTA or the p-CUTA, lelthe FTA, as in juice, is poorly
represented. The solid pulp the main compounds @anthocyanidins but their
concentration for grape is always much lower thaéatvis found in the seeds and skins.

The flavonols of the peel are glycosides of cangdfean OH in position 4' of the lateral
ring), quercetin (two OH in 3" and 4 ") and myrindgthree OH in 3', 4 'and 5'), but also the
laricitrin (two OH in 3' and 4' and a OGlh 5'), the siringetina (a OH in 4' and two O£H
3'and 5'), the isorhamnetin (a OH in 4 'and a O@H3 ') have been reported (Cheynier and
Rigaud, 1986; Mattivi et al., 2006; Castillo-Muneizal., 2007).

Myricetin is basically absent in the skins of whgeapes (Di Stefano et al., 2002).
Forms glucoside and glucuronide flavonols generglhgvail over forms galactoside,
ramnoside and disaccharide (Cheynier and Rigaugb)1@olored grapes in the synthesis of

guercetin and myricetin and probably other flavenare under the control variety (Squadrito
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et al., 2007); the campferol is always underrepriesk(Di Stefano et al., 2002; Mattivi et al.,
2006).

Anthocyanins in the grapes skin are 3-glycosidescydinidin, the peonidin, the
delphinidin, the petunidin and malvidin. The pamiti6 of glucose can be esterified by acetic
acid, p-coumaric and and from caffeic acid (Wultladagel, 1978). The synthesis of the
individual molecules of anthocyanins and the degaeéd type of acylation are under the
control varietal (Castia et al., 1992).

The flavanol monomers ((+)-catechin, (-)-epicatech{-)-epicatechin gallate) and
oligomers (procyanidins especially dimers and trepeare in the seeds so significantly
greater than the peel. The majority of the molexuwEthis class is found in grapes as the
polymer. In the skins of their synthesis (repoxd@iphinidines/procyanidins) it is under the
control varieties. Interesting is, finally, the pemce of hydroxistilbbene (resveratrol,
iceatannolo, pterostilbene, viniferins) contained grapes prevalently in the form
glucosylated. Their synthesis, as well as be indumeelicitors biological and chemical is up
to control varietal (Bavaresco and Fregoni, 2001).

1.4- BIOSYNTHESIS OF POLYPHENOLS

Polyphenols are made of two amino acids aromatienplalanine and tyrosine.
They have generated since the simple sugars ofapyirmetabolism across the

schikimic acid pathway (fig. 2)

11



‘ 3 (Malonil-CoA) ‘ 4 coumaroyl-CoA

CHS

Calcone
Cl
‘ Eriodictyol F3'H Narigenin }ﬂ{Pemahydmxyﬂavanone
‘ F3H F3H ‘ F3H
‘ Dihydroquercetin }i‘ Dihydrokaempferol }M{ Dihydromiricetin
DFR DFR

Leucodelphinidin

(+) Catechin }&{ Leucocyanidin

LDOX

LDOX

ANR
Cyanidin ‘ ‘ Delphinidin }—{ Epigallocatechina

UFGT

Delphinidin-3-
Glucoside

Peonidin-3- Petunidin-3-

Glucoside Glucoside

Malvidin-3-
Glucoside

‘ (-) Epicatechin —2NR

UFGT

Cyanidin-3-
glucoside

Fig. 2 — biosynthetic pathways of berry polyphieno

By phenylalanine (giving rise to the biosynthetethway of phenylpropanoids),
the phenylalanine ammonialyasi (PAL) produces amstg molecule not yet enol,
which allows the formation of hydroxycinnamic acigsscoumaric acid (thanks to the
cinnamate-4-hydroxylase or C4H), caffeic, ferulimdasinapic. Forms then cumaroil-
CoA by the action of coenzyme A ligase (4CL). Fritms intermediate the biosynthetic
pathways of the major classes of polyphenolic caimgs are born. They therefore
make:

» The benzoic acids of the series feoxidation. The hydrolysable tannins (gallic
and ellagic); are coming from the combination ofgie sugars with gallic acid
(Lee and Raskin, 1995 Macheix et al., 2005);

 The esters of hydroxycinnamic by hydroxylation ofcqumaric acid and
subsequent esterification with an alcohol acid.rapi@s: hydroxycinnamic acid,
chlorogenic acid, tartaric esters;

» Coumarins for internal cyclization of the molecuyles

» Stilbenes (in particular resveratrol): they areduced from the stilbene synthase

(StSy) that competes for the same substrates Wwiltane synthase;
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* The flavonoids, in the form of chalcone biosyntbgtathway that has an origin,
mixed: from one side 3 molecules of acetyl-CoAtfue cycle A, the other one
molecule of p-coumaroyl-CoA to the cycle B and lle¢erocycle C (Macheix et
al., 2005). Starting from chalcone, the biosynthedi flavonoids requires the
sequential action of the enzymes chalcone isome(@s#l), flavanone-3-
hydroxylase (F3H), dihydroflavonol reductase (DF&)¢ leads to the formation
of leucoantocianidine.

These substances are the precursors of anthocy#mioggh the sequential action
of leucoantocyanidin dioxygenase (LDOX) and UDPegke: flavonoid 3-O-
glucosiltransferasi (UFGT). The flavonoid synthesss further supplemented by
enzymes that modify the phenolic B ring, insertimgdroxyl groups and methyl. In
particular, inside the berry, anthocyanins are comgn methylated: in positions 3'
(peonidin and petunidin) thanks to the 3'-O-metayisferase (3'OMT); in positions 3',
5' (malvidin) thanks to the 3', 5'-O-methyltransfez (3', 5’OMT).

From the dihydroflavonoli, flavonols are producesl @er flavonol synthases
action (FLS), 2,3-trans-leucoanthocianidins perreshaf dihydroflavonol reductase
(DFR). From the 2,3-trans-leucocianidina originate$-catechin and the 2,3-trans
leucodelfinidin (+)-gallocatechin thanks to leucthaotyanidin-reductase (LAR) or
anthocyanidins (cyanidin and delphinidin). A antyertidin reductase produces 2,3-cis
flavanol, (-)-epicatechin and (-)-epigallocatechiiew authors were thinking that the
condensed tannins (proanthocyanidins), are comirdgpm the condensation of
leucoanthocianidins or catechins mixt by an enzporedensing (EC) (Schubert et al.,
2003) have not yet been identified; in fact, thetegsis of these molecules has not yet
been rationalized.

Metabolism phenolic enzymeBhe adjustment biosynthetic enzymes follows a
well-defined model linked to the development. Mostthem (CHS, CHI, F3H, DFR
and LDOX) are already activated by bloom and shg»eak in the next few weeks and
then later after veraison, while the enzyme UFGY dnaly the second peak activation in
correspondence of the latter stage where the aydhots are accumulated in the grape
skin (Schubert et al., 2003).

* PAL: phenylalanine ammonialyase allows the fornmatid cinnamic starting
from phenylalanine and regulates quantitatively thecumulation of phenolic
compounds. It has two activity peaks: the firstimyirthe growth of berry (perhaps
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linked to the synthesis of hydroxycinnamic acidigvdnols and flavans), then
decreases; another increment veraison to matuhgn a decrease in the final. The
activity is inhibited by high temperatures and stiated by light.

* CoA ligase: allow unions hydroxycinnamic acids wiloA. The different
enzymatic shape are specific to the various phemoimpounds and direct-CoA esters
to the various ports.

* CH4: cinnamate 4-hydroxylase activity presents ieeximum maturity and
then a decrease.

* CHS: chalcone synthase allows you to start offffdneonoids, by condensation
of phenylpropanoids. The activity is not detectapfer to coloring (perhaps due to
poor flavonoid synthesis during growth the bergghibits a maximum at maturity and
then rapidly decreasing.

* WHO: chalcone isomerase follows a trend similaPd..

« UFGT: anthocyanin glucose transferase reaches nuaxinactivity at
maturation (Schubert et al., 2003).

1.5- FACTORS THAT REGULATE THE BIOSYNTHESIS

The genotypeis crucial for the levels of phenolic compoundbeTdifference of
concentration is due to climatic factors and areldaer than those due to genotype.
Then prevall variations due to cultivar than dué® vintage, within the same variety.

The light: is among the most important factors for the maliam phenolic,
especially for the accumulation of anthocyanins #adonols. The light provides the
energy for photosynthesis and stimulates the métapmcesses; its saturation point is
about 70QuE/m/s. The light leads to the induction of the bgsis of various enzymes,
but especially the PAL (photo inducible enzyme aygt which leads to the
transcription of the m-RNA, and the formation okgmatic proteins. A similar effect is
obtained with the CHS and the other enzymes ofrietabolism of flavonoids, which
lead to the accumulation of these compounds. Thexrestate of the cell and, in
particular, its content in glutathione, plays anpartant role in activation of the
intracellular transduction via, starting from peren of the light signal to the

expression of the gene of the CHS.
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The temperature is important because it directly affects the depeient of the
berry. Temperatures of 20-25 °C are optimal for baeeous growth, higher
temperatures prevent the cells multiplication. Bgrthe maturation, when the thermal
requirements are around 20 °C, the temperature fe@ager impact on the translocation
of sugars. Generally extreme conditions have negatfects on the intensity coloring:
temperatures higher than 37°C inhibit the formatdranthocyanins, while the lower
ones are slowing down the synthesis. The intenadigiween temperature and light are
interesting in that it is believed that a drop e@mperature associated with a bright
adequate treatment induces the accumulation obaydimins.

While the first exposure experiments were primacycerned with the impact of
light on anthocyanin accumulation in the grapegeotthavonoid components such as
flavonols and tannins have also attracted reseiatehnest. Flavonol accumulation in
plant tissues has previously been studied in a Burabspecies, with exposure to UV
shown to increase flavonol glucosides in vegetadine reproductive tissues (Hrazdina
and Parsons 1982, Ryan et al. 1998, Vogt et al9,188ay and Lancaster 2001). This
effect has also been reported in winegrapes, wiiboged fruit higher in flavonol
glucosides, while shaded fruit had lower flavonmhtent (Price et al. 1995, Haselgrove
et al. 2000, Spayd et al. 2002). More recently, Beyvet al. (2004a) reported that the
level of flavonols in both leaves and fruit of thepevine were almost negligible when
those tissues had not been exposed to light. Subseg@xposure of those tissues to
sunlight resulted in a rapid increase in flavoredsumulation and in expression of the
gene encoding flavonol synthase (Downey et al. BRpO4n contrast, tannin
accumulation in Shiraz grape berries appears tolabgely unaffected by bunch
exposure (Downey et al. 2004a). In the seed ther® mo observable effect of bunch
exposure on either the proanthocyanidin contegbarposition. In the skin of the grape
berry at harvest, there was also no appreciabferdifce in tannin content. However,
the study examined cyanidin content and composthooughout berry development in
both shaded and exposed fruit, revealing signifiaifferences in both content and
composition throughout the intermediate stagesofybdevelopment, with shaded fruit
reaching a much lower maximum in proanthocyanidintent than exposed fruit. The
peak in proanthocyanidin accumulation in winegrapasurred around time of veraison
and then decreased toward harvest in what is ggneomsidered to be a decrease in

tannin extractability rather than degradation omdwer (Czochanska et al 1979,
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Amrani-Joutei et al. 1994, Escribano-Bailon et1895, Cheynier et al. 1997b, Saint-
Cricqg de Gaulejac et al. 1997, de Freitas and €d40fi999, Kennedy et al. 2001,
Downey et al 2003a). This decrease in tannin etabaldy was observed in both shaded
and exposed fruit; however, the decrease was greatexposed fruit such that the
levels were virtually the same in shaded and expdset at harvest. The effects of
shading on tannin accumulation in grape berriexe @y been examined in Shiraz,
although this is an active area of research irAtiigralian wine industry.

A moderatewater stressstimulates the biosynthesis of anthocyanins (whidtis
to the concentration of the solutes and the inereashe ratio peel / pulp) (Ojeda et al.,
2002), while does not influence the content of dlamis. Stressed plants accumulate
more anthocyanins trisubstituted and methylategainicular is stimulated gene UFGT,
head of the accumulation of anthocyanins in bef@zsstellarin and Peterlunger, 2007).
Instead, an excess water leads to an increaseeovdlume of the berries and this
reduces the concentration of the phenols (MattrewidsAnderson, 1989). However, the
authors considered that changes in the structudedawelopment of the skin were
responsible rather than any direct effect on flaidmiosynthesis (Roby and Matthews
2004, Roby et al. 2004). The difficulty with integting deficit irrigation treatments is
that water availability impacts on a wide rangeplaint processes apart from flavonoid
biosynthesis. For example, stomatal closure in aesp to water deficit reduces
photosynthesis, thereby reducing all metaboliteiadation and resulting in decreased
root and shoot growth (Jones 1992).

Nutrient availability has a relevant influence on plant growth (Russebl,
Marschner 1995, Keller et al. 1998) and has beawshto effect the flavonoid
composition of plant tissues. Whitin the three emits commonly applied as fertilizer-
nitrogen, potassium, and phosphate only nitrogehpmtassium have thus far attracted
viticultural research. Both low and excessivelyhigvels of nitrogen fertilizer have
been shown to decrease color in grape berrieswilid977, Keller and Hrazdina 1998,
Delgado 2004), while high potassium has been redord decrease color in grapes
(Morris et al. 1983, Jackson and Lombard 1993). hest likely mechanism for
decreasing phenolic content at high nutrient leiseéxcessive vigor.

Vine vigor has also been reported to impact upon the tanomtent and
composition of grape skins in Pinot noir. In tharipeskin, proanthocyanidins were

higher in low-vigor vines, with an increase in tpeoportion of epigallocatechin
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subunits in proanthocyanidin polymers and an irewda the average size of polymers
observed with decreasing vine vigor (Cortell etZ805). It is uncertain whether this
change is due to the difference in vine vigor aandndirect effect of changes in canopy
architecture resulting in differential bunch exp@saffects. Physical characteristics can
also affect flavonoid accumulation (Jackson and hard 1993, McDonald et al. 1998).
Such characters as the parent material and thefage soil that largely determine the
micronutrient pool, structure, and texture of dodlve a significant effect on plant
growth (Russell 1961, Northcote 1992, Marshner 1995

However, the major consequence of soil type isctiygacity of the soil to hold
water while remaining sufficiently well-drained to avowhter logging (Russell 1961,
Northcote 1992). Irrigation can alleviate wateess-related reductions in plant growth
and development, although some reports suggestr wafecit increases tannin and
anthocyanin content in grapes (Nadal and Arola 189% et al. 1998). In grape cell
cultures, anthocyanin biosynthesis is extremelysisége to osmotic stress (Do and
Cormier 1991, Suzuki 1995). Osmotic stress resultsincreased anthocyanin
accumulation, which suggests that deficit irrigatioould be a powerful tool for
managing anthocyanins in the vineyard. However,esoesearch suggests that while
excessive water application decreased tannin corfieennedy et al. 2000), water
deficit had little or no effect on tannin or antlganin accumulation in the grape berry
(Kennedy et al. 2000, 2002, Stoll 2000). Rathes,ghimary effect of water deficit was
to decrease berry size and thus change the rasikimfiveight to total berry weight and
therefore anthocyanin and tannin concentratioménlterry. Closer investigation of this
phenomenon suggested that changes in anthocyashitaanin concentration did in fact
occur with deficit irrigation aside from any effetlated to berry size (Roby et al.
2004). However, the authors considered that chaimgtge structure and development
of the skin were responsible rather than any diedfgct on flavonoid biosynthesis
(Roby and Matthews 2004, Roby et al. 2004). Thécdity with interpreting deficit
irrigation treatments is that water availabilitygacts on a wide range of plant processes
apart from flavonoid biosynthesis. For examplejrsdtal closure in response to water
deficit reduces photosynthesis, thereby reducingnatabolite accumulation and
resulting in decreased root and shoot growth (JA98R). In extreme cases this may
lead to senescence of some tissues and alter ssinkceelationships within the plant

(Coombe 1989). Many such responses are regulat@thby growth regulators such as
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abscisic acid, ethylene, cytokinins, gibberelliasd auxins, and the influence of these
compounds has been specifically examined with dpetheir influence on flavonoid
biosynthesis.

Hormones actively intervene in the regulation of gene egsion of the
biosynthesis of phenolic compounds (gibberellingkinins). These act on the MYB
transcription factors, which are the regulatorghe metabolism phenolic. Cytokinins
strongly stimulated the accumulation of anthocyanfgibberellins, a more stimulating
the accumulation of anthocyanin in the presencaiofose, essentially used as a carbon
source. Also ethylene stimulates metabolism phenelith an increase in the PAL
(Macheix et al., 2005). Abscisic acid induces acglation of anthocyanins in the
berries, after veraison only, that is when is actimost of the genes (Schubert et al.,
2003). In grapevines, abscisic acid has been shésvnincrease anthocyanin
accumulation in grape berries of the cultivars Qdjan Kyoho, and Cabernet Sauvignon
(Matsushima et al. 1989, Hiratsuka et al. 2001, Baml. 2003, Dan and Lee 2004,
Jeong et al. 2004). The application of gibberel(G#3) to grapes has generally been
reported to decrease anthocyanin levels in the ({[@#n and Lee 2004). Gibberellic acid
is usually applied to table grapes to increaseyl®pe and the decrease in anthocyanin
levels under these circumstances is likely to odtwough an effective dilution of
anthocyanin concentration in individual berriessifiilar effect has been reported with
the growth regulator forchlorfenuron (N-(2-chlorgp¥ridyl)-N’-phenylurea; CPPU)
(Dan and Lee 2004). Auxins and cytokinins are alsmt growth regulators that were
extensively used to manage plant production. Wthikese were shown to increase
anthocyanin biosynthesis in plants generally (D@ikrand Hammer 1995, Nakamura et
al. 1980, Ozeki and Komamine 1981), the applicatibtihe auxin napthaleneacetic acid
was shown to inhibit the anthocyanin accumulatro@abernet Sauvignon grape berries
(Jeong et al. 2004). Application of the synthetigia benzothiazole-2-oxyacetic acid to
Shiraz vines delayed the onset of ripening, ineclgdanthocyanin accumulation in the
grape skin (Davies et al. 260 — Downey et al. 198#esult of a delay with regards to
of genes encoding critical steps in anthocyanirsyithesis such as chalcone synthase
and UFGT. A similar result was reported in the Kgotultivar with auxin 2,4-
dichlorophenoxyacetic acid inhibiting anthocyanatwamulation and expression of the
flavonoid pathway genes phenylalanine ammonialyakalcone synthase, chalcome

isomerase, dihydroflavonol reductase, and UFGT, lentthe same genes were
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upregulated and anthocyanin content increased thighapplication of abscisic acid
(Ban et al. 2003). Ethylene has also been idedtd®a plant growth regulator that has a
particular effect on fruit ripening (Burg and Butg§65). Application of ethylene had no
effect on anthocyanin accumulation in Arabidopddeikman and Hammer 1995);
however, in grape berries there seems to be arezgent for low levels of endogenous
ethylene for anthocyanin biosynthesis (Chervinle@04). Exogenous application of
ethylene or ethylene-releasing compounds has asea bhown to enhance grape skin
color (Roubelakis-Angelakis and Kliewer 1986, Elr&amy et al. 2003).

The elicitors: are molecules produced generally by plant path®dgeat activate
the genes responsible for plant defense, indudmegproduction of molecules with
antifungal activity, also known as phytoalexins.

Among the polyphenols, the coumarins, stilbenes, itoflavones, etc can be
identified. So a pathogenic microorganism, or kgiter, can stimulate the production
of phenolic compounds (and the enzyme PAL) by thentp The PAL plays an
important role in signal transduction within thél.ce

1.6- POLYPHENOLIC ACCUMULATION

The berry development of Vitis vinifera L. follovestrend of growth represented
by a curve in the double sigmoid (Fig. 3). The celiltiplication takes place in the first
phase, then stops during the veraison, and fimaBymes during ripening following a
cell expansion. Veraison is the most important tiniee pulp becomes softer,
accumulate hexose sugars (glucose and fructosejeases the content of the acids
(especially the malic acid), aromatic compounds maeluced, the epicarp is colored
and will have different modifications concerningeticoncentration of the phenolic
compounds contained in the different parts of tleeryo In addition, the grape, not
climacteric fruit, at this time accumulates high camts of abscisic acid while

decreasing the auxin (Schubert et al., 2003).
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The examination of the accumulation of polyphenaokslizes the analytical
results of the checks made during the ripenindnefgrapes. Since the establishment the
berry are synthesized proanthocyanidins, the HCmd ffavonols. There no enough
information about the evolution of the constituem@nomers of proanthocyanidins peel.
It appears that the synthesis of (+)-catechin, (feepicatechin, the (-)-epicatechin
gallate and (-)-epigallocatechin start in parallelseems clear, however, that at the
veraison the synthesis of these compounds or pdscgewly or undergoes a crash. In
any case it is not very smooth, probably due togiteat variability that is found at the
level of the berries.

The tannins of the skins are summarized in the ngrphase and their
concentration is highest at veraison. They haveptexnstructures, but their degree of
polymerization varies little. The concentrationdimers and trimers present veraison
decreases slightly during ripening. Moreover, as get closer to maturity, the skin
tannins are always less reactive towards protemy aonsequently, reduces their
aggressiveness and astringency. This phenomenaxpikained by the progressive
increase in the degree of polymerization, whichmaturity can reach from 15 to 40
mDP, but the absolute content remain constant aedse (Kennedy et al., 2001).

The tannins of the seeds, which are present inmighbers at veraison, decreased

from this stage the berry growth to maturity. Thecr@ase is more or less relevant
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according to the maturity and in connection wite #ttcumulation of the anthocyanins
in the skins. The tannins of seeds are of procyasidvhose average degree of
polymerization (mDP) is low at veraison and remaahsays lower than 10 during
maturation (Kennedy et al., 2000a). Proanthocyasidif grape seeds are molecules
with different properties.

Proanthocyanidins of grape seeds are molecules dighinct tannins. The
concentration of tannins extracted from grape segederally tends to decrease during
the ripening of the grapes, as the outer skind®fseed undergoes oxidative browning,
which causes a major fixation of tannins to thetegial cells. This decrease is more or
less important depending on the conditions of fipgnso vintage. The reduction also
varies as a function of the grape (Kennedy e800a). These are molecules in the free
state, not colloidal and highly reactive in respgbroteins.

The tannins of the stalks are significantly repnésé already veraison and vary
little during ripening. Are polymerized procyanidinnon-colloidal, with a reactivity
similar to that of the tannins of the seeds. Ovatatan be seen that the skins are
particularly rich in complex tannins-polysaccharmetein and tannins that give a
delicate flavor. On the contrary, the stems and sbeds are characterized by the
abundance of polymeric procyanidins conferringiagancy more aggressive.

Close to veraison is also observed a decreasesafaiitent of HCTA of the flesh
and skin which could indicate a shutdown of thgmtkesis, their degradation or their
use in the synthesis of other compounds, eg. ayimirts p-cumarati, in the skin. This
decrease can be affected by the increase in vobdnme berry.

From veraison, in fact even a few days before, needghe synthesis of
anthocyanins, is diverted towards which the majooit the metabolites of flavonoid
synthesis. The synthesis of anthocyanins contiag&sely immediately after veraison
and decreases in intensity near the ripening offrilne ripened it is observed a slight
decline. The evolution of the concentration in acgfanins and tannins in the skins, is
valid for all varieties and for most wine regiobsit the level and trend of accumulation
can vary greatly depending on the genetic basesclimatic and vintage.

The synthesis of flavonols begins long before \wenmaj already in flower. In the
early stages clearly prevails synthesis of quarcétiat of myricetin starts very slowly,
then close veraison can prevail in intensity on theercetin in varieties in which, at the

level of anthocyanins, the prevailing pathway ofpaiopsin (Squadrito et al., 2007).
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Varieties where the prevailing way of dihydroquéircethe content of quercetin always
exceeds the myricetin.

On the progress of individual anthocyanins, neaaigen, in compare to later
periods, there was an increase faster moleculespstituted. The anthocyanin profile
varietal, however settles immediately after venaiaod undergoes little change during
ripening varieties to prevalence of anthocyanirsubstituted ring side; some variation,
was observed in those with a prevalence of anthoogalisubstituted. The anthocyanin
profile of the latter is affected much more thaonst with a prevalence of molecules
trisubstituted, by environmental variables (Di 8tef et al., 1994). The presence of
anthocyanins in the grape skin polymer has beeartegh by Kennedy et al. (2001),
Kennedy et al. (2002) and Canals et al. (2005). Sthecture of these pigments is still
hypothetical, even if it were acceptable, in thecpss just mentioned that it is of
molecules in which one part is constituted by d flfavanols and polysaccharides.

Vidal et al. (2004a) established the structure mhacyanins trimers present in
grape extracts. It is trimers with C-C bonds 4y®etprocyanidins B type, and with C-C
bond C-O-C 2-7 4-8 and the type of proanthocyasidifitype A. The shape flavilio
anthocyanin is in the drive terminal. These molesuhave a certain resistance to
discoloration with S@and resistant to hydrolysis by acid catalyzed bgtimg in an
acid solution for strong acid. The formation ofypuokric pigments would be the degree
of ripening (Fournand et al., 2006). According tatadreported by these authors, the
curves of evolution of the anthocyanin pigmentaltotonomers and during the ripening
of the grapes diverge especially from about 200 gflLsugar when the content of
anthocyanins monomers begins to decrease, whiteofhatal anthocyanins increases
slightly and then decreased from about 240 g/Lugbs.

The determination of the polyphenol monomers anlynpers in grapes is of
particular importance in making (choosing the rigime for the harvest, phenolic
maturity) and in the study of the synthesis of thigerent classes of polyphenols in
individual parts of the berry (pulp, seeds and peel

They are defined tannins those substances abliedaige to stable combinations
with proteins and other vegetable polymers (Ribei@ayon et al., 2003).

One of their characteristics is their certain prtps of precipitate proteins
(Haslam, 1998). The tannins also interact with a@ewrange of other biological

molecules including polysaccharides and alkaloldas{am, 1998). This property has
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been used with success in the excess removal pinam the wine and also has been
adapted for the measurement of the tannins in the.yMontedoro and Fantozzi, 1974
Hagerman and Butler, 1978; Harbertson et al., 28@8neckis et al., 2006).

The flavan-3 oils, based on their chemical strugtare considered as precursors
of tannins, but the way that allows the interflacamonds remains unknown (Adams,
2006). The compounds overrepresented among flax@s-8r flavanols are the (+)-
catechin and (-)-epicatechin (constitutional isajiein grapes you are also found the
(+)-gallocatechin, the (-)-epigallocatechin anddpjcatechin gallate (fig.4). The flavan-
3-ols monomers are produced prior to coloring armlease during maturation. In this
class of polyphenols are present very differentrailecules, such variability is linked
to the size of the compounds. The molecular mastdse active tannins are generally
comprised between 600 and 3500.

Based on the nature of the elementary moleculesliat@guished tannins gallic
hydrolysable or condensed tannins or catechins. Aydrolysable tannins include
gallotannins and ellagitannins, substances thatnatein the grapes. The condensed
tannins are composed of polymers formed from sutsuwvith extensions and multiple
terminals that are structurally similar to the #av3-ols (Haslam, 1998). In the seeds
the (+)-catechin, the (-)-epicatechin and (-)-et@chin gallate, in the skins to the (-)-

epicatechin and (-)-epigallocatechin represenbtsc monomeric units.

(+)-Catechin (C)

OH
HO L 1*‘“6[
" OH
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Fig. 4 - Structures of flavan-3-ols

The simpler compounds belonging to the class ohiten are the dimer
procyanidins (Fig 5), which can be divided into tgroups: B-type dimers procyanidins
resulting from the condensation of two units okfla-3-ols linked together by means a
bond C4-C8 (B1 to B4) or C4-C6 (B5 to B8), and #ho$ A type, which in addition to
possessing a interflavanic bond C4-C8 or C4-C6 gxssan ether bond-type between
carbons C5 or C7 of the terminal unit and the cai®2 of the upper unit.

Trimers procyanidins can be divided into two categg the procyanidin C-type
trimers in which two interflavinic bonds may be ©#-C8 and/or C4-C6, and D type
trimers in which a link can be interflavanic typd-C8 or C4-C6 while the second is of

the A type.
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Figure 5 - Structure of dimers procyanidins B typd & type. A: procyanidins B1-B4; b. procyanidin BB;E. A
procyanidin.

Figure 6 - Structure of condensed proanthocyanidins

Based on the number of units flavaniche finallytidguish the oligomeric
procyanidins (from 3 to 10 units) from the condehpeocyanidins (more than ten units)

(fig. 6), that have a molecular mass of more tHaMO3Rib'ereau-Gayon et al., 2003).
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The tannins of the skins are very different frorosth of the seeds for both the
composition of the monomers in the monomers andnsibn terminals, both for the
average degree of polymerization (~ 30 for the,ficg ~ 10 seconds).

Seeds between monomeric catechins, can prevatdateehin or (-)-epicatechin
and dimers procyanidins between the Bl or B2. Thenomers terminals are
represented by (+)-catechin, less from (-)-epidatecand (-)-epicatechin gallate
(Downey et al., 2003).

Among the flavanols skins prevail polymers on otiges, while the monomeric
catechins are underrepresented (Mateus et al.)) 2008& proanthocyanidins of the skins
are characterized by the prevalence of (-)-epitéteznd (-)-epigallocatechin (absent in
the seeds) on the (-)-epicatechin gallate and dtgehin between the extension unit
(Souquet et al ., 1996; Pastor of Rio and Kenn2@96). The latter, however, may
represent the majority of terminal units (Souquetle 1996; Downey et al., 2003).
Have been reported between the extension unit smadunts of (+) - gallocatechin and
(-)-epigallocatechin gallate (Souquet et al., 1996ywney et al., 2003). The relationship
between the levels of (-)-epigallocatechin andegicatechin of the extension units of

proanthocyanidins of the skins appears to be utigecontrol varieties.

1.7- TANNINS AND THE SENSATION OF ASTRINGENCY

The tannins, including condensed tannins derivechfgrapes, produce kind of
astringency in foods and beverages and contritutbd "structure” or "body" of red
wine.

The term astringency refers to dryness and to lenfgef wrinkling in the mouth
(Lee and Lawless, 1991) and is a characteristredfvine (Kennedy et al. 2006; Gawel
et al. 2001). The quality of the tannins of the evdepends on the maximum intensity of
the sensation in the mouth, the total duration thediime taken to reach the maximum
intensity (Kallithraka et al. 2001), the roughnassl the degree of dryness of the mouth
(Lee and Lawless , 1991; Kallithraka et al. 200&piiglio and Pickering, 2008).

The sensations of astringency of the wine are densd pleasant when balanced
with other factors, including the content of alcbhad sugars. High concentrations of
tannins and acids rather than sugars produce a weineastringent that is considered
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"hard", "immature" or "green", instead, high coritations of sugars can lead to a wine
which can be described as "dense" or "flaccid" (kezty, 2008). The astringency
influence the quality of the red wine (Boselli dt 2004; Landon et al. 2008) and

therefore knowledge of the structures of the comgsun the matrix astringent wine

and the impact of these structures on sensory frepecan be an important

consideration on the of vinification technique.

The tannins typically tend to bind to proteins dnerefore can potentially cause
gastrointestinal denaturing digestive enzymes éngtt. It is believed that the salivary
proteins bind efficiently to the tannins to competesfor this effect and also to act as a
detection mechanism (Charlton et al., 2002; Hasla@96). It is believed that the
aggregation of the resulting complex protein-taramd the resulting increase in friction
give rise to the sensation of astringency (Dinnetlal., 2009; Baxter et al., 1997), but
these interactions are only one part of the comfdekng that may cause a range of
perceptions: from a velvety texture homogeneous fieeling harsh or crimping (Gawel
et al., 2000; Hufnagel and Hofmann, 2008; Gawe®8)9

The spectrum of subtle differences in the sensstafrastringency was described
in the "panel of the sensations of red wine in theuth” from Gawel et al. 2000
includes descriptors such as "dusty" up to "gluef ‘@ggressive".

The astringency of wine is influenced by many festancluding the structure and
content of tannins (Kennedy et al.,, 2006), the gmes of macromolecules such as
polysaccharides (Vidal et al., 2004b; Carvalholgt2®06 ), residual sugars (Gawel et
al., 2007), the concentration of smaller molecutegh as anthocyanins and flavanols
monomers (eg., (+) - catechin) (Kallithraka et 4B97a; Vidal et al., 2004c ), acidity
(Fontoin et al., 2008; Kallithraka et al., 1997Indahe ethanol content (Demiglio and
Pickering, 2008; Fontoin et al., 2008).

1.8- THE TANNINS OF THE RED WINE

The tannins in red wine are made from condenseqirtarderived from grapes
and structurally modified during winemaking. A simpkrcentage of hydrolysable
tannins are extracted from the oak barrels or wiwagments (chips) during ripening
and storing wine (Sarneckis et al., 2006). This poumds it self however, hardly
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contribute astringency (Pocock et al., 1994). Thedensed tannins of the skins are in
part already extracted in the aqueous phase bdferdermentation process. As the
fermentation continues, the tannins begin to beaete¢d from the seeds also (Peyrot
and Kennedy, 2003; Herderich and Smith, 2005). ds walso shown that the match
between the cold solid parts of the grapes andnili& contributes to increase of tannins
even in the absence of ethanol, which can be coexhéo hydration of the seeds before
fermentation (Busse-Valverde et al., 2010). Duriiegmentation, the structure of
tannins extracted from grapes is altered by chdroiidation processes and enzymatic
reactions as well as from indirect condensationriddas et al., 2005; Cheynier, 2006;
Cala et al., 2010), which are facilitated by praduaf fermentation and oxidation as
acetaldehyde, pyruvic acid and glicossilico (Fulcr&t al., 2006; Es-Safi et al., 1999).
For example, condensation reactions mediated cetilehyde may initially lead to
the formation of oligomers of procyanidins with giethyl or pigmented polymers
(Dallas et al., 1996). These may further polymetzea colored shape tannins that are
potentially more prone to bending and intramolecbland than the linear structures of
the grape tannins (Poncet-Legrand et al., 2010).

During maturation and aging, the wine constituesdstinue to suffer chemical
changes that affect the structure of tannins. Tdiaconditions and slow oxidation in
wine lead to the severing of ties and rearrangemesttions (Zanchi et al., 2008),
which are thought to cause the polymerization ohias, as well as the creation of
different pigments and pigmented polymers (Matdwd.e2006; Salas et al., 2005). The
tannins of old wines have a greater amount of edlaanthocyanins incorporated in
structure than tannins isolated from young winesRisle et al., 2010) and this, at least
to some extent, explains the decrease of concemtrat anthocyanins in the wine with
aging (Fulcrand et al., 2004; Mateus and Freita@1p0Ilt has been shown that the
tannins are oxidized more intramolecular interaxgjochanging the conformation in
solution of tannins to structures more condenseashare bent than the extended forms
of tannins of the grapes (Poncet-Legrand et all0p0The changes in the tannic
structure with the fermentation of the grape andewaging can affect the binding of
tannins with salivary proteins and therefore thermgency of the wine.

With aging the color of wine changes gradually frporple to red brick and,
generally, the tannins become less astringent.shihde change is linked to the creation

of more stable as the pigments visit with A andri8l éheir derivatives, anthocyanins
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from grape (Vivar-Quintana et al., 2002; Morataakt 2006), as well as to browning
oxidative (Li et al., 2008). Still it remains untan due to the decrease of astringency
of red wine over time. They can contribute to austhn of astringency the decrease in
the concentration of tannins due to the reactionsh wesidual proteins or
polysaccharides during ripening and aging (Wateed.e1994), the polymerization and
subsequent precipitation of tannins, instead, tlejpolymerization. However, it is
reported that some older wines have tannins inalasi concentration to the young
wines (Mercury and Smith, 2008) and even the ollees are generally considered
less astringent, which suggests that the structirahges of tannins may also have an
impact on perception of astringency (Herderichlet2906). It has been shown that the
tannins of the wine aged have molecular sizes grahtin those of the young wine
(McRae et al., 2010), a characteristic that is gahe correlated with greater
astringency (Vidal et al., 2003). The decrease sifilgency due to aging could
therefore be explained by an increase in intranubdedonds by oxidation which would
result in a reduced structural flexibility and thfare less interaction with proteins.

It has also been shown that artificially oxidizednriins have a greater
hydrophobicity of natural tannins (Zanchi et al008), which can also influence the
effectiveness of the bonds. The micro-controlladives the addition of small amounts
of oxygen to the wine in the months after fermeata{Parish et al., 2000). An increase
in the contact of red wine with oxygen can contiébto a stabilization of color and to
an improvement in the flavor and aroma (Pozo et28l10; Lopez-Cano et al., 2007).
One of the effects of the treatment of micro colkdthe induction of changes in the
structure of tannins that affect the changes tleatioduring aging, thus changing the
perception of astringency of wine (Gonzalez-Sangisal., 2008; Llaudy et al., 2006).

The long-term effects oxygenation on red wine hasteyet been fully understood.

1.9- INFLUENCE OF THE MATRIX WINE ON THE ASTRINGENCY

The interaction of the tannins of the wine withigaly proteins, and the size and
stability of the complex protein-tannin, also depp@m other characteristics of the wine
matrix, in particular by the pH and ethanol contébther factors may also have an
impact on the perception of astringency, among Wwhantents in organic acids, sugars,
available as acetaldehyde, the viscosity, and tiesepmce of other compounds that
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interact with the tannins released as the proteinshe yeast and polysaccharides
grapes. It was verified that the temperature atclviwine is served has a minimum
contribution on the sensation of astringency (RossWeller, 2008).

The ethanol content in red wine varies from 11%4%66 approximately. It has
been shown that high contents reduce the percepficastringency (Fontoin et al.,
2008; Vidal et al., 2004d) and change the subragnt wine (Demiglio and Pickering,
2008), although another study indicated an increzsastringency with increasing
concentration of ethanol (Obreque-Slier et al. (201

A decrease of astringency may, at least in parjuseto conformational changes
of the tannins in the wines content increasesharedl. This would be a reduction in the
binding of tannins with proteins as well as seBasation of tannins bound, limiting
the formation of protein aggregates (Fontoin et 2008). It has been shown that an
increase of the ethanol content between 10 and 2@%roys the hydrophobic
interactions between the tannins and the cell malierial of the apple, in particular for
compounds of high molecular weight with a high @egrof galloylation (The
Bourvellec et al., 2004). In addition, high concatibns of ethanol may also increase
the smoothness of the oral cavity, reducing thegion of roughness (Demiglio and
Pickering, 2008; Fontoin et al., 2008). An incre@sehe precipitation of the protein
with a concentration of ethanol of 13% compare@daeous solutions may be due to
the variation of solubility of the complex protdismnin formats (Obrque-Slier et al.,
2010).

The different level of tannins solubility in theing may also affect the
astringency results (Zanchi et al., 2007). Finaly,increase in viscosity of the solution
with a higher content of ethanol could also redingeperception of astringency as well
as the protein-tannin (Demiglio and Pickering, 2088&iith et al., 1996; Hagerman et
al., 1998).

The pH of the wine generally varies from 3.2 to &8d this difference is
sufficient to cause change astrigency. It has tsewn that lowering the pH of the
wine and its solutions model increases the intgrdiastringency between tannins and
protein (Fontoin et al., 2008; Kallithraka et d4l997c). This effect is more relevant for
the increased concentration of individual orgarseds such as the acid, malic acid,
lactic acid and tartaric (Fontoin et al., 2008; IKlataka et al. 1997c), although it has

been shown that higher concentrations of organidsaalong with high acidity
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contribute to the characteristics "chalky" red wii@awel et al., 2007). It was also
demonstrated that a combination of low pH and lighcentration of organic acids is
responsible for the increase of astringency instiye of coconut fermented (Bags et al.,
2006).

It is known that tannins bind to residual protemmgolysaccharides in the matrix
of the wine, thus reducing the concentration abéelafor the interaction with the
salivary proteins and reducing the astringency ¢Est al., 2001). The reduction of
astringency in the fruits in the ripening is atiriéd to an increase of the bond with the
polysaccharide rather than to a decrease in theeotration of tannins (Luck et al.,
1994; Taira et al., 1997). Polysaccharides differeduce the astrigency tannins with
different mechanisms.

The gum arabic and thfecyclodextrin preferentially bind polyphenols, ibhing
the interactions protein-tannin, while the propetof the polyelectrolyte pectin allow it
to directly bind the complex of protein/polyphenoils order to increase the water
solubility of these complexes preventing them tecppitate in solution (Carvalho et al.,
2006; McManus et al., 1985; Poncet-Legrand et28l07). The polysaccharides of the
wine are ranked according to their net charge, Wwhg neutral sour. The neutral
polysaccharides in wine include arabinani and a@jalactans. Acidic polysaccharides
are pectins, including those of the berry cell walhd mannoproteins released by yeast
during fermentation. The main polysaccharide adrkevis rhamnogalacturonan. All the
polysaccharides reduce to some degree the peroegitiastringency, but among these
polysaccharides acids have shown the best (Vidal.e2004b; Carvalho et al., 2006;
Riou et al., 2002; Taira et al., 1997). It was albown that the concentration of ethanol
and ionic strength influence tannin-polysaccharided the tannin-protein interactions
(Poncet-Legrand et al., 2007).

High levels of sugar and anthocyanins in wine ha&en associated with a value
lower astringency and a reduction of unpleasaninigeof "wrinkling" perceived in
young wines (Gawel et al., 2007; Boselli et al.0@0Saenz- Navajas et al., 2010). The
use of sweetening agents such as aspartame, howegenot had any effect on the
astrigency perceived wine, suggesting that repoited association between high
concentrations of sucrose and a reduced astringerey be due to the increased
viscosity of the solution (Smith et al.,, 1996). Theesence of agents that promote

polymerization, such as acetaldehyde and glicossitiid have shown a positive
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influence on the perception of astringency, presaiyndue to increased molecular size
of tannins (Vidal et al., 2004c). The dimers ofvliaB-ols with ethyl bonds formed by
reactions with acetaldehyde have been shown to th@same degree of astringency of
dimers does not ethyl (Vidal et al., 2004c).

The interactions of these factors in the matrixeyias well as differences in the
structures and concentrations of tannins, affeet ghrception of astringency of red

wines.
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2. OBJECTIVES

Western Sicilian red wines are different from thadethe centre north of the
Italian peninsula and from those of the easterh @lathe Region for the smooth taste
and intense colour, if they come from grapes predutom grapes grown in order to
achieve objectives high quality. It is said tha thnnins of these grapes have reached a
high level of maturity and that it is not necessarynaturation of the wine to refine

them, to diminish their astringency and to stabilize colour.

These assumptions that from the point of view aflér are trump cards, do not
really have a scientific basis. lin fact, neithée tevolution of the structure and
composition of tannins during the ripening of theames, or the influence of the
environment in question on the synthesis of seagnaetabolites quality (in this case
polyphenols and aromas) or the nature of the tanafnthe skins of native varieties
(extension wunit, report epicatechin/epigallocatectand can galloylation), can

galloylation tannins of the seeds.

The main objective of this research was the stuflyhe evolution of skins
proanthocyanidins during berry growth and ripening different biotypes of two

Sicilian cultivars grown in two different locatignsough the study of:
a) proanthocyanidins and flavanols reactive to vamilli

b) determination of the constituent monomers, extenaia terminals trougltireatment
of a condensed tannin with acid (depolymerizatiam)the presence of a nucleophile
phloroglucinol (frloroglucynolisis) to calculate the mean degrepadymerization.

Some authors have applied these depolymerizatiothads to the wines.
Especially, Drinkineet al (2007) adapted the phloroglucinolysis to ethylieldridged
flavan-3-ols analysis which result from chemical difications of flavan-3-ols
occurring during wine making and aging. By this hoet, the authors showed that
flavan-3-ol ethylidene bridges represented lesa #t4d of flavan-3-ol bonds and that
the proportion of these linkages relative to natiterflavan bonds increased with wine
age. Nevertheless, Herderich and Smith (2005) linddrthat this technique is limited

for the characterization of wine tannins since thst majority of wine tannins resists
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the acid mediated depolymerization, allowing onlynaor portion of tannin to be
characterized. These depolymerization methods iffiieutt to implement and do not
give information about the polymer distribution aftannin fraction because all the
polymers contained in the fraction are cleaved mtmomer units in the course of the
reaction. For example, when studied the depolyragaa of a sample containing a mix
of 50% of small tetrameric tannins and 50% largetametric tannins, will yield an
mDP of six, the same as considering a sample dorgef 100% hexameric tannins.
Therefore, about this process, a period of studgarch in a Californian
University (Fresno State University) was done ideprto acquire other newer analytical

methods for the characterization of tannins in wine
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3. MATERIALS AND METHODS

The grapes of Sicilian varieties were harvestethé@2013 and 2014 seasons in
two different Sicilian experimental vineyards, lted in Marsala (37°47'36.9"N
12°34'05.1"E) and Sambuca (37°40'47.2"N 13°04'3).Histricts. The plants were
grafted on rootstock 1103 Paulsen, grown in vdrtiedlis system and with a Guyot
pruning system. The soil of Marsala site is oraadrea, is clayey, deep, rich in organic
matter and poor in skeleton; while, in Sambuca sitehillside, the soil is clayey, rich
in skeleton with a good organic matter content.

Biotypes studied, in the two experimental fieldgravfive as reported in tables 1
and 2 .

Agronomic surveys and samples of grapes were daoig during ripening, in
three times: veraison, half-ripening (about 17iXBand harvest. To follow the course
of ripening, sugars concentration (°Brix), totaiddy and pH were determined by
Winescan (FOSS).

3.1 - AGRONOMIC SURVEYS

Meteorological data- Meteorological data were provided by the Seovizi

Informativo Agrometeorologico Siciliano_(http://wwsvas.regione.sicilia.it/). Weather
stations are localized in Marsala (37°47'36.9"N403.1"E) and Contessa Entellina
(37°43'41.0"N 13°02'20.2"E). Over the developmehage of grapes (from fruit set
stage to harvest time) mean daily temperature, fi®an daily rainfall and potential

evapotranspiration (ETO) were recorded.

Leaf Relative Water Content - Relative water can{®&WC)is the appropriate

measure of plant water status in terms of the plggical consequence of cellular
water deficit. It estimates the current water cont& the sampled leaf tissue relative
the maximal water content it can hold at full tality. It is a measure of water deficit in
the leaf. Normal values of RWC range between 98%iigid and transpiring leaves to
about 40% in severely desiccated and dying leaves.

In the two experimental fields for each biotype |2@ves were collected and
weighed (to obtain fresh leaf weight W), after whithe samples is immediately
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hydrated to full turgidity for 4h under normal rodight and temperature. After 4 hours
the samples were taken out of water and immediatelighed to obtain fully turgid
weight (TW). Samples were then oven dried ai@dor 24h and weighed (after being
cooled down in a desiccator) to determine dry wie{Giw). All weighing is done to the

nearest mg. Calculation:

RWC (%) = [(W-DW) / (TW-DW)] x 100,
Where,
W — sample fresh weight
TW — sample turgid weight
DW — sample dry weight.

Pruning weight determinationPruning weights for each biotype (3 plants tohea

genotype x environment) were obtained to determigeur levels. All pruning weights

are reported as kilograms on plant.

3.2 - SKINS SAMPLES PREPARATION

In order to analyse the skins tannins compositiograpes, gleanings from three
separate plants (three repetitions) for each geeokyenvironment combination were
collected. From gleanings, 25 berries were randasuliected and weighed. Chemical
characteristics and the average berries weighteofitape samples are shown in 1 and 2
tables.
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G x E combination

Cultivar

Nero d'Avol:

Nero d'Avol:

Nero d'Avol:

Frappatc

Frappatc

Nero d'Avol:

Nero d'Avol:

Nero d'Avol:

Frappatc

Frappatc

Biotype

A

Date
Site

Marsala

10/07/2013

13/08/2013

16/09/2013
Marsala

10/07/2013

13/08/2013

16/09/2013
Marsala

10/07/2013

13/08/2013

16/09/2013
Marsala

10/07/2013

16/09/2013

01/10/2013
Marsala

10/07/2013

06/09/2013

01/10/2013
Sambuca

10/07/2013

13/08/2013

19/09/2013
Sambuca

10/07/2013

13/08/2013

19/09/2013
Sambuca

10/07/2013

13/08/2013

19/09/2013
Sambuca

10/07/2013

22/08/2013

19/09/2013
Sambuca

10/07/2013

22/08/2013

19/09/2013

Sampling

°Brix

5,0C
17,70
25,17

4,5(C
16,80
19,76

5,5C
18,20
16,02

4,5
16,25
18,2

4,5(C
17,92
18,57

5,7¢
19,00
32,30

4,7¢
18,80
20,95

5,0C
18,60
26,00

5,2t
17,80
26,00

5,2t
18,60
22,89

pH

2,57
2,92
3,27

2,5t
2,91
3,21

2,5¢
2,9¢
3,1¢

2,61
3,0¢
3,37

2,5¢
3,04
3,12

2,64
3,3¢
3,71

2,5¢
3,2¢
3,3¢

2,5t
3,4:
3,42

2,51
2,8¢
3,42

2,47
2,9¢
3,1¢

Total
Acidity
(g/L)

32,63
13,00
9,54

44,40
12,20
8,82

42,68
12,00
8,81

37,50
10,09
6,3

41,55
9,62
8,8¢

37,65
11,74
7,81

39,30
11,65
7,1¢

40,28
10,82
8,7(¢

41,78
10,70
8,7(C

45,05
9,5(C
9,3¢

Berry
weight
(g)

159,2¢
155,4(
143,2¢

147,6¢
169,0:
155,2¢

194,1:
190,5¢
190,4(

155,6(
158,6¢
152,9:

148,6¢
154,8¢
144,0¢

162,0°
158,8¢
148,4°

105,2
85,72
127,6'

181,8t¢
178,8¢
177,0¢

156,0(
148,3:
156,4(

104,6:
120,6(
126,0¢
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Tab 1: 2013 harvest date, sugar (°Brix), pH andtle acidity (g/L in tartarc acid) average bertiesght of Genotype x
Environment combinations

G x E combination Total Berry
S Biotype S Date Sampling Brix pH Acidity weight
(g/L) (8)
Nero d'Avola A Marsala
17/07/2014 I 4.8 2,58 39,8 126,83
14/08/2014 Il 17,4 2,97 10,2 210,04
09/09/2014 1] 23,4 3,45 7,2 206,09
Nero d'Avola B Marsala
17/07/2014 I 5,0 2,63 38,4 145,52
25/08/2014 Il 18,2 3,05 11,3 244,79
09/09/2014 1] 22,8 3,47 6,0 242,65
Nero d'Avola C Marsala
17/07/2014 I 45 2,55 41,4 151,99
25/08/2014 Il 18,8 2,88 11,5 247,09
09/09/2014 1l 21,0 3,47 78 261,45
Frappato A Marsala
17/07/2014 I 45 2,45 42,1 132,43
09/09/2014 Il 16,0 3,10 15,1 210,64
21/09/2014 1] 18,2 3,37 6,3 220,44
Frappato B Marsala
17/07/2014 I 48 2,45 37,5 137,53
01/09/2014 Il 16,2 3,15 13,9 215,71
21/09/2014 1] 20,6 3,10 99 211,99
Nero d'Avola A Sambuca
16/07/2014 I 6,3 2,58 36,7 113,41
14/08/2014 Il 17,5 2,94 15,8 197,92
03/09/2014 1] 26,4 3,21 84 224,43
Nero d'Avola B Sambuca
16/07/2014 I 6,3 2,60 35,6 80,56
14/08/2014 Il 17,2 2,97 15,2 132,96
03/09/2014 11l 23,6 3,19 84 158,84
Nero d'Avola C Sambuca
16/07/2014 I 5,8 2,60 40,6 122,15
21/08/2014 Il 17,5 3,01 18,2 211,85
10/09/2014 11l 22,8 3,27 71 215,48
Frappato A Sambuca
16/07/2014 | 58 2,55 37,0 107,81
21/08/2014 Il 17,2 2,84 14,2 178,03
10/09/2014 11l 22,2 3,05 6,0 180,53
Frappato B Sambuca
16/07/2014 | 55 2,59 34,5 97,08
21/08/2014 Il 17,8 3,01 10,3 169,39
03/09/2014 11l 23,2 3,26 6,6 170,92

Tab 2: 2014 harvest date, sugar (°Brix), pH andhile acidity (g/L in tartarc acid) average berngsght of
Genotype x Environment combinations
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The skins of berries for each repetitions werettgalifrom the pulp and from the
seeds. The skins were placed in 25 ml of tartarféeb at pH = 3.2 (produced by adding
the following 175 chemicals in the following ord&00 mL of distilled water, 5 g of
tartaric acid, 22 mL 176 of 1IN NaOH, 2 g of sodiumetabisulphite and 120 mL
ethanol 95%, the volume of 177 buffer was adjustetl L by the addition of distilled
water) (Di Stefano and Maggiorotto, 1995). The skirere placed in the buffer for four
hours at room temperature. Then the extract waeifro

After being thawed, skins were homogenized andrifegéd. The supernatant
was collected in a 50 mL volumetric flask, the des was washed again with tartaric
buffer (pH 3.2) added to the volumetric flask ahd volume was raised to 50 mL with
tartaric buffer (pH 3.2).

Skins extracts were used to determination of:

» proanthocyanidins index (PI) and flavans reactoveanillin (FRV) by
spectrophotometric methods using a UV-vis spectrapheter;

» Proanthocyanidins characterization after acid-ga&al degradation in the

presence of phloroglucinol by HPLC.

3.3 - WINEMAKING

The grapes from biotype considered in this studyamds experimental vineyards
harvested in September and vinified with the folloyvstandard procedure used in the
“Valorizzazione dei Vitigni Autoctoni Siciliani” mrgram: 80kg of grapes of each
biotype were placed in plastic crates, moved toamery, stored in a conditioned room
for about 30 hours at 8°C, destemmed, crushedeglac stainless steel tanks (50 L),
added with 0,1 g/kg diammonium phosphate (DAP), &mdhiamine, and 0,2 g/kg
reactivated dry yeast (OE Red 40, OE lItalia, Maskaly), and fermented at 26°C in a
conditioned room. The musts were again added witrad 0,05g/L DAP and pumped
over when reaching respectively 2 and 8 % alcdnchddition, two punch downs were
performed daily and the macerations were stoppéideagnd of alcoholic fermentation.
Malolactic fermentation was induced by natural itaeicid bacteria. One winemaking
was performed per accession. At the end of fernientg the composition of the wines
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was determined by means of a Winescan (FOSS) atdibrfollowing EEC 2676
standard procedure (1990) for all parameters (®shiown in tab. 3). Wines obtained
were bottled and tasted from expert panel.

G x E combination Total
Ethanol .

Cultivar Biotype Site (% vol.) PH Acidity

(mg/L)
Nero d'Avola A Marsala 13,140 2,830 9,590
Nero d'Avola B Marsala 13,640 2,990 7,990
Nero d'Avola C Marsala 11,660 2,960 8,840
Frappato A Marsala 10,020 3,380 7,080
Frappato B Marsala 11,220 3,350 7,430
Nero d'Avola A Sambuca 14,460 3,040 8,290
Nero d'Avola B Sambuca 12,850 3,120 6,860
Nero d'Avola C Sambuca 12,700 3,230 6,370
Frappato A Sambuca 12,300 3,360 6,050
Frappato B Sambuca 12,630 3,290 6,140

Tab. 3: chemicals characteristics of wine obtaine2014 vintage

3.4 - ANALYSIS OF SKINS PROANTHOCYANIDINS

Proanthocyanidins index (Bates Smith Assay§kins extracts (0.2 mL) was
placed in a 50 mL distillation flask in cold watdtthanol 96% (12.3 mL) and HCI
containing 300 mg/L of FeSO4¢7H20 (12.5 mL) weralextl to the flask, and the
absorbance spectrum from 360 to 700 nm was recdqE@d Next, the flask containing
the solution was placed in boiling water. After Blnutes, the absorbance spectrum
from 360 to 700 nm was recorded again (E1). Praamytnidins index (PI) were
calculated using the following equation:

PI (mg/kg of berries) = (E1 - EOQ) x 1162.5 x (100/¥0.2
Where:

W was weight of 25 berries

Total Flavan-3-ol Content (Vanillin Assay)anillin has the property of reacting

with the 6 and 8 positions of the flavanols molesu Therefore, using this colour
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reaction is evaluated the contribution of flavanids/ing free these two positions (Di
Stefano et al., 1989).

The results are expressed as (+)-Catechin, thrthegkialue of absorbance at 500
nm on 1 cm optical path. Skins extracts were dilut® times with methanol. Diluted
skin extract (0,5 mL) was placed in a tube and dade83 mL of a solution of vanillin to
4% in methanol. As white, in another test tube vad#rk glass was placed 0.5 mL of
extract methanol and 3 mL of methanol. The two sulvere immersed in a bath of
water and ice and after a few minutes, were addedSomL of concentrated HCI.
After 15 minutes at room temperature, the absom&icand EO were read at 500 nm

on a optical path of 1 cm. The results were catedlaising the following equation:
FRV(mg/kg of berries) = A x d x ( V/IP)

Where:

Ais:

* (277,26 XAE) - 3,58 toAE between 0,020 and 0,050

* (250 XAE) - 3,25 toAE between 0,050 and 0,180

* (314,23 XAE) - 3,25 toAE between 0,190 and 0,830

AE is the absorbance difference between white amgblgawith vanillin,d is the
dilution factor (10 in this study) V is the extraailume (50 mL in this study) P is the

weight of 25 berries.

Acid catalysis in presence of excess phloroglucif®hloroglucinolysis) -

Phloroglucinolysis gives information on subunit qmosition, conversion yield, and
mean degree of polymerization (mDP). Subunit comijoosof proanthocyanidins can
be characterized by HPLC analysis. Treatment adralensed tannin with acid, in the
presence of a nucleophile such a thiol or lessigpwtnd therefore much preferred
phloroglucinol allows the subunit profile to be bs&d by HPLC and the average
molecular mass (expressed as “mean degree of poiatien, mDP”) to be calculated.
Indeed, proanthocyanidins become depolymerizedgaselg terminal subunits as
flavan-3-ol monomers and extension subunits agrelgalic flavan-3-ol intermediates.
The electrophilic intermediates can be trappedhayrtucleophilic reagent to generate
analyzable adducts. Most of our current knowledgeua general composition and

structure of grape and wine tannins has been aatdig depolymerization. Grape seeds
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proanthocyanidins comprise only procyanidins (saolisuconstituted of (+)-catechin
and (-)-epicatechin) whereas grape skins proantdrmdins include both procyanidins
and prodelphinidins (sub-units constituted of (pjgallocatechin).

n Extension units OH

OH

A

®
HO~ ™" 0H

Phloroglucinol

Terminal unit

Phloroglucinol adducts from
extension units

Figure. 6: proanthocyanidins — phloroglucynol resact

Skin extract (5 ml) was acidified (0,01N$: 15mL) an loaded into a Sep-Pak
C18 cartridge preconditioned with methanol (2 mhjl & 01N HSQ; (3 mL). Cartridge
was washed with 5 mL of 0.01N.8Q4, the monomeric catechins have been eliminated
with 20 mL of ethyl ether (Sigma Aldrich). Oligoneiand polymer proanthocyanidins
were recovered by elution with 10 mL of ethanal aollected in a distillation flask (50
mL).

Methanol extract was brought to dryness under vaclAfter evaporation, dried
extracts were dissolved in 2 mL of MeOH containidg?N HCI, 100 mg of
phloroglucinol, and 20 mg of ascorbic acid and éadbr 25 min at 50 °C. Then, 4 ml
of 100 mM sodium acetate solution were added op $he reaction. Solution thus

obtained was filtered and subjected to analysislBi.C.
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Released terminal subunits and extension subuforgayiucinol adducts were
analysed by HPLC (Agilent), using a reversed-phaszce C18 column (Econosphere
C18 250 x 4.6 mm 5 um) protected by a guard coluwhthe same material. The
method utilized a binary gradient with mobile prsasentaining 1% v/v of fPQy 103
M (solvent A), and acetonitrile (mobile phase BheTelution conditions were 0,5
mL/min at 40 °C; from 100 % A to 85 % A in 15 minpm 85 % A to 83 % A in 2
min, from 83 % A to 70 % A in 13 min, from 70 % 8.0 % A in 10 min, from 0% A to
100 % A in 10 min. Eluting peaks were monitored2&@0 nm through DAD detector.
Extension and terminals constituent monomers camtftocyanidins were calculated in
mg/kg, using a calibration curve (100, 500, 1000Lhaj (+)-catechin).

The apparent average degree of polymerization (mdPjoanthocyanidins, was
determined dividing the content of the constitutbudunits for the content of terminal

subunit.

3.5 - ANALYSIS OF WINES PROANTHOCYANIDINS

Wines analysis were conducted in Fresno State Uhitye (California). In
particular, at the Department of Viticulture and nOegy, three types of
chromatographic analyzes were performed: acid ystalin presence of excess
phloroglucinol (phloroglucinolys)s gel permeation chromatography (GPC) and
reversed-phase chromatography to determine thgmmaoaics interaction (stickiness,
PRLP).

Samples preparation 1ml of wine was loaded into a Sep-Pak C18 cartridge

preconditioned with metanol (15 mL) and water (1b)nCartridge was washed with
water (15 mL) to eliminate interfering moleculesxd€l polyphenols were elected with
9 ml of methanol and collected in a centrifuge tuldethanol extract was brought to
dryness with frees dryers (nome). After evaporatomed extracts were dissolved in 1
mL of MeOH. Etracts thus obtained were used to phloroglucyisobsmd molecular mass
analysis.

Acid catalysis in presence of excess phloroglucipblloroglucinolysis)- The

reversed-phase HPLC method used to analyze thenthmxyanidins following acid

catalysis in the presence of excess phlorogluanakisted of two Chromolith RP-18e
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(10034.6 mm) columns connected in series and gemtday a guard column (Purospher
STAR RP-18e, 434 mm, 5 mm), all purchased from Edieige (Gibbstown, NJ,
USA). The method utilized a binary gradient withtgracontaining 1% (v/v) aqueous
acetic acid (mobile phase A) and acetonitrile cioimig 1% (v/v) acetic acid (mobile
phase B). Eluting peaks were monitored at 280amd, the elution conditions were as
follows: column temperature 30 °C; 3.0 ml /min; B%or 4 min, a linear gradient from
3% to 18% B in 10 min, and 80% B for 2 min. Theuroh was washed with 3% B for 2
min before the next injection. In order to estiméte quantitation of subunit products,
the method of Kennedy and Jones was also utilizgidg (—)-epicatechin as a standard.

Proanthocyanidins molecular mass The 50% elution times for wine tannins
were determined by GPC, using the method of Kenaady Taylor (2003).

The high-performance GPC method used to analysanfitocyanidins consisted

of 2 PLgel (300 x 7.5 mm, 5 mm, 500 (effective noolar mass range of up to 4000
using polystyrene standards) by 1000 (&ffective molecular mass range of 500-30
000 using polystyrene standards) columns connentsedries and protected by a guard
column containing the same material (5037.5 mmn%),nall purchased from Polymer
Labs (Amherst, MA, USA). The sample injection amiowras typically 20 yuL. The
isocratic method utilized a mobile phase consistofg N,Ndimethylformamide
containing 1% (v/v) glacial acetic acid, 5% (v/vater and 0.1/ lithium chloride. The
flow-rate was maintained at 1 ml /min with a colutemperature of 60 °C and elution
monitored at 280 nm. Calibration curves were caoséd using fractionated
proanthocyanidins, by correlating their average enalar mass (determined by acid
catalysis) with their cumulative mass distributadrb0%.

Proanthocyanidins _stickiness The HPLC method for measuring the

thermodynamics of tannin interaction (for measutiaugnin stickiness) utilized a rigid
spherical polystyrene divinylbenzene reversed-pltasemn (PLRP-S, 2.1 x 50 mm,
100 A, 3um, Agilent Technologies) protected with a guarcuomh (PRP-1, 3 x 8 mm,
Hamilton Co., Reno, NV, USA). Tannin isolates (5/mb) were dissolved in an
agueous solution containing methanol (15% v/v) sodium acetate, and 20 mM
HCI.

Prepared tannin-containing solutions were filtewsthg a 0.45um PTFE syringe
filter (Grace Davison Discovery Scientific, DeelfielL, USA) prior to injection (35
ug). The mobile phases were 1.5% (w/wyPidy in water (180 mM, mobile phase A)
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and 20% (v/v) mobile phase A in acetonitrile (B}wa flow rate of 0.21 mL/min. The
linear gradient was as follows (time in min (%B():(14%), 18.0 (34%), 18.0-19.0
(34%), 21.5 (70%), 21.5-24.0 (70%), and 24.0-288%). To determine tannin
stickiness, samples were run at four column tempers (25-40 °C, in 5 °C
increments). A blank sample (water) was run atterthperatures and was subtracted
from sample signals to eliminate background absuarba All temperatures were
converted into kelvin to calculate thermodynamicapaeters in Sl units. Tannin elution
was monitored at 280 nm. Chromatograms were intedraBriefly and following
baseline subtraction of a water blank, a baselireraAU across the sample peak area
was performed. Following this, the resulting peataawas split at 16.8 min, related to
the elution of tanninP. The tannin eluting prior 16.8 min was separated from
overlapping resolved material by tangent skimmifgom integration results, the

alternative retention factor was calculated afed:

Kalt= tannin(t)/tannin(t) — tannin(p)

where, tannin(t) is the total tannin peak area &@mtin (p) is the partial tannin
peak area. The specific enthalpy was calculatedditing the natural logarithm (In) of
ka: versus the reciprocal of the column temperatur€dlvin degree at each of the four
temperatures. The specific enthalpy of interacifamnin stickiness) was calculated

from the slope of the best fit line (slope equivaten-AH°/R).

0,25

y=337,79x- 0,934
2 _

0,2

0,15 -—

1/°K

0,1

0,05

0 T T T T 1
0,00315 0,0032 0,00325 0,0033 0,00335 0,0034
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The concentration of tannin (on the basis of taftpinvas reported in (-)-
epicatechin equivalents using an (-)-epicatectanddrd and was determined at 303 K
(30 °C). In addition to (-)-epicatechin, a grapéensér wine tannin standard (mDP =
39.0 and 15.4, respectively) served as a stickiseswdard. Stickiness standards were
prepared by dissolving grape skin or wine tannm&m aqueous solution containing
methanol (15%, v/v), 40 mM sodium acetate, and ROHCI.
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4. RESULTS AND DISCUSSION

Along the grapes ripening of Nero d'Avola and Fetppin the two different
experimental vineyards, in Marsala and Sambuca, ftilewing data have been
collected:

a) proanthocyanidins and flavans reactive to vianitl skins (vintage 2013 and
2014);

b) incorporation of the monomers, of extension &thinals, and the average
degree of polymerization of proanthocyanidins a#teid hydrolysis in the presence of
an excess of phloroglucinol (vintage 2014);

A research period in California (University of Fne$ to acquire information on
the characteristics of the wines tannins obtaimechfexperimental microvinifications

of grapes (vintage 2014).

4.1 - AGRONOMIC SURVEYS

Meteorological data- 2013: in both experimental sites (graph. 1 andtt®re

weren't rainfall events in the weeks between Julg anid-August. During the weeks
between mid-August and September, in Marsala oeduar few days of intense rain;
while, in Sambuca site many rainy days, but noy watensive, were recorded.

The average daily temperature (graph. 3) as well the potential
evapotranspiration (graph. 4), was higher in Sambsite than Marsala site. This
difference was observed especially in the weeksdrt July and August; later, the

differences were reduced probably due to the raegther.

Marsala

40

Days

Graphic 1: Daily total precipitation (P) detectadidg ripening in Marsala site (2013)
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Graphic 2: Daily total precipitation (P) detectadidg ripening in Marsala site (2013)
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Graphic 3: daily temperature (T) detected duripgnming in Marsala and Sambuca sites (2013)
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Graphic 4: daily potential evapotranspiration (E@ipjected during ripening in Marsala and Sambiiea £013)

2014: in the two experimental sites, over the npgnthere weren’t major rainfall
events (graph 5 and 6). Compared to Marsala, teeage daily temperature (graph. 7)
was higher in Sambuca with differences which havdemed in the last weeks of
August and September. The daily evapotranspirdfdip) was higher in Sambuca than
Marsala during all the weeks corresponding to teaop of ripening of the grapes

(graph. 8).
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Graphic 5: Daily total precipitation (P) detectadidg the ripening in the Marsala site (2014)
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Graphic 6: Daily total precipitation (P) detectadidg the ripening of the grapes in the Sambu&a(8i®14)
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Graphic 8: daily potential evapotranspiration (E@pjected during ripening in Marsala and Sambuca

sites (2014)

Leaf relative water content (RW€2013: during ripening of grapes, leaf RWC

levels were high in both experimental sites (tgbT8is, may be, due to the fact that the

soils were supplied with water from rainy summegreg previously described.

G x E combination | sampling Il sampling Il sampling

Cultivar Biotype Marsala SambucAverage Marsala Sambucadverage Marsala Sambucaverage
Nero d'Avc A 92,30 9156 91,93 94,48 95,21 94,85 95,22 97,08 96,15
Nero d'Avc B 94,80 92,99 93,89 92,31 93,42 92,86 97,80 9374 9577
Nero d'Avc C 93,99 96,85 9542 89,87 9500 92,44 96,85 95,89 96,37
Frappato A 92,17 80,14 86,15 94,21 89,08 91,64 95,23 98,29 96,76
Frappato B 95,68 9540 9554 95,68 9260 94,14 97,81 97,66 97,73

Average 93,79 91,39 93,31 93,06 96,58 96,53

Table 3: leaf relative water content (2013 vintage)

2014: the average leaf relative water content teggd in two experimental sites
shows that water levels in Marsala remained lolWwantin Sambuca, during the course
of ripening (tab. 4). In Marsala, RWC passed frofn78% (first sampling) to 84.76%
(harvest time); while, in Sambuca, from 95.02% 7068%. At biotypes levels, in all
cases the, the leaf relative water content werateld a moderate water stress in the
harvest time, especially for the B biotype of Nefdvola that registered a RWC of
84.12 %.
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G x E combination | sampling Il sampling Il sampling

Cultivar ~ Biotype Marsala SambucaAverage Marsala Sambuca Average Marsala Sambuca Awerage
Nero d'Avc A 94,24 94,79 94,51 96,25 90,26 93,25 87,77 85,20 86,48
Nero d'Avc B 96,80 95,97 96,38 96,16 96,07 96,12 85,92 82,33 84,12
Nero d'Avc C 96,62 94,97 95,79 91,75 93,55 92,65 87,00 86,53 86,76
Frappato A 94,61 94,70 94,66 91,96 95,05 93,50 83,78 88,89 86,34
Frappato B 91,42 94,69 93,05 80,62 96,17 88,40 79,32 95,02 87,17

Awerage 94,74 95,02 91,35 94,22 84,76 87,60

Table 4: leaf relative water content (2014 vintage)

Pruning weight- 2013: biotypes in Marsala site (0.91 kg/plant) were fotmdbe

much more vigorous than biotypes in Sambuca si&4(Rg/plant) with the exception
of the B biotype of Frappato cultivars. A biotypé& Mero d'Avola cultivars (0.99
kg/plant) and the both biotypes of Frappato (A 960and B= 0.94 kg/plant ) showed a
higher pruning wood weight than other biotypes; M/lihe B biotype of Nero d'Avola
(0.73 kg/plant) was less vigorous in both experitaksites (tab. 5).

G x E combination
Marsala Sambuca

Cuivar  Biotype (ka/plant) (kg/plant) ~®"9°
Nero d'Avola A 1,01 0,98 0,99
Nero d'Avola B 0,77 0,70 0,73
Nero d'Avola C 0,91 0,61 0,76
Frappato A 1,01 0,91 0,96
Frappato B 0,87 1,00 0,94

Average 0,91 0,84

Table 5: pruning weight (2013 vintage)

2014: the average weight of the pruning wood (@kfound in the vineyards of
Sambuca site (1.80 kg/plant) was higher than MarédJ08 kg/plant). The biotypes
which showed greater vegetative expression wergetlb Frappato cultivars (A =1.64,
B = 1.71 kg/plant). As 2013, the B biotype of Nefdvola was less vigorous in both
experimental sites (kg/plant 1.06).
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G x E combination Marsala Sambuca

Cutivar  Biotype (kg/plant) (kg/plant) ~V°"29°
Nero d'Avola A 1,09 1,83 1,46
Nero d'Avola B 0,90 1,22 1,06
Nero d'Avola C 1,16 1,48 1,32
Frappato A 1,16 2,11 1,64
Frappato B 1,07 2,35 1,71

Awerage 1,08 1,80

Table 6: pruning weight (2014 vintage)

4.2 - EVALUATION OF SKINS PROANTHOCYANIDINS AND FLA VANS
REACTIVE TO VANILLIN OF THE GRAPES DURING RIPENING

Over the two years experiences (2013 and 2014)epsrted on the tables
regarding the skins of Nero d'Avola and Frappateamlevels of Proanthocyanidins
(P1), flavans reactive to vanilli (FRV) removablerin skins with tartaric buffer (pH3,2)
decreased during the course of ripening comparedatoes recorded at the first
sampling (pre-veraison). The degree of polymemratdeduced from the relationship
between FRV/PI increased between veraisona andestamime. Observed trends
confirmed that both proanthocyanidins and flavastive to vanillin were synthesized
prior to veraison; then during maturation, thejfesed a decrease. This decrease can
be caused from the diversion of intermediary mdte®o(cyanidin and delphinidin)
towards the synthesis of anthocyanins or more g8 kmown phenomena of oxidation
and transformation of proanthocyanidins. In théelatase, we could not exclude the
progress of flavanols that, however, would have nbexceeded by oxidative
transformations or degradation.

2013: cultivar x site interaction - the data show a concentration of
proanthocyanidins, flavans reactive to vanillirda degree of polymerization tend
were high Marsala experimental vineyard compareSambuca site (tab. 7). Anomalies

in the results corresponding to cultivar FrappatSambuca are evident.
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Proanthocyanidins Flavans reactve to

G x Ecombination sampling index (P1) vanillin (FRV) FRV/PI
Cultivar Site mg/kg Std. Err. mg/kg Std. Err. value Std. Err.
Nero d'Avc Marsala
| 3433,59 166,26 1680,27 101,33 0,49 0,03
Il 2838,25 191,70 873,11 81,99 0,31 0,01
11l 2528,93 194,43 634,48 24,34 0,26 0,02
Frappato Marsala
| 4972,70 60,07 1486,99 52,83 0,33 0,00
Il 2338,88 6,64 755,12 14,45 0,32 0,01
1] 2292,62 43,84 732,54 20,07 0,32 0,00
Nero d'Avc Sambuca
| 2331,50 497,72 850,27 183,57 0,36 0,01
Il 2098,07 335,24 609,15 142,88 0,27 0,02
1] 2023,75 352,35 542,43 97,25 0,26 0,01
Frappato Sambuca
| 1739,08 5,12 1486,88 172,67 0,85 0,11
Il 2284,07 495,54 1005,95 152,93 0,56 0,19
11l 1428,43 52,10 828,34 265,33 0,60 0,21

Table 7: spectrophotometric analysis recorded fs&ms extracts during ripening in each cultivadi2 vintage)
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Graphic 9: evolution of skins proanthocyanidindNefo d’Avola and Frappato in Marsala site (2013age)
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Graphic 10: evolution of FRV/PI ration of skins pntf@ocyanidins of Nero d’Avola and Frappato in Maszite
(2013 vintage)
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Graphic 11: evolution of skins proanthocyanidindNefo d’Avola and Frappato in Sambuca site (20b8age)
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Graphic 12: evolution of FRV/PI ratio of skins praamcyanidins of Nero d’Avola and Frappato in Maassite
(2013 vintage)

Biotype x site interaction At harvest, significant differences were found
between the various biotypes in two different ekpental fields (tab. 8).

For the Nero d'Avola cultivar, in Marsala site,aloproanthocyanidins and their
degree of polymerization were higher in the biotypél = 3185.17 mg/kg, FRV/PI =
0.21) compared to B and C ; while in Sambuca BypetPI = 2011.15 mg/kg, FRV/PI
= 0.25) had the highest content of proanthocyasidompared to biotypes A and C and
with a degree of polymerization tends to be eqaahe biotype C but greater biotype
A.

In Frappato cultivar, B biotype in Marsala (Pl =683%5 mg/kg) showed a
proanthocyanidins content higher than biotype AVHR ratio shows that B biotype
was higher proanthocyanidins polymerisation tharbigtype. Even in Sambuca, B
biotype (Pl = 1518,67 mg/kg) basically showed a hbig concentration of
proanthocyanidins compared with A with a degreepofymerization of 0.24, no-
comparable with value, value (FRV/PI = 0.96), cepanding to A biotype (probably

error).
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Proanthocyanidins

Flavans reactve to

G x E combination index (PI) vanillin (FRV) FRV/PI

Cultivar  Biotype Site mg/kg Std. Err. mg/kg Std. Err. value Std. Err.
Nero d'Avc A Marsala 3185,17 221,70 661,90 62,90 0,21 0,01
Nero d'Avc B Marsala 2069,56 589,48 689,81 173,99 0,34 0,02
Nero d'Avc C Marsala 2332,05 133,38 551,73 53,87 0,24 0,04
Frappato A Marsala 2216,69 194,38 697,78 65,55 0,31 0,01
Frappato B Marsala 236855 3541 767,29 59,63 0,32 0,02
Nero d'Avc A Sambuca 2305,82 221,35 688,54 98,92 0,28 0,03
Nero d'Avc B Sambuca 2911,16 389,71 732,24 146,31 0,25 0,03
Nero d'Avc C Sambuca 854,28 58,63 206,50 11,50 0,24 0,01
Frappato A Sambuca 1338,19 60,58 1287,90 51,04 0,96 0,03
Frappato B Sambuca 1518,67 83,08 368,78 12,59 0,24 0,01

Table 8: spectrophotometric analysis recorded fs&ms extracts during ripening in each biotypel®@0intage)

2014: cultivar x site interaction- the data show that proanthocyanidins

concentration, reactive flavans reactive to vamiind degree of polymerization were

higher in Sambuca experimental vineyard than Marfab. 9). In Sambuca site, during

ripening, both proanthocyanidins and both flavaetive to vanillin, appeared to have

a more intense decrease than Marsala.

G x E combination

Cultivar

Nero d'Avola

Frappato

Nero d'Avola

Frappato

Sampling

Proanthocyanidins

Flavans reactve to

Site
Marsala

Marsala

Sambuca

Sambuca

index (PI) vanillin (FRV) HR

mg/kg Std. Err. mg/kg Std. Err. value Std. Err.
2253,57 151,08 1068,59 59,00 0,48 0,01
1463,45 28,78 409,10 3,78 0,29 0,05
1798,79 124,99 493,34 23,87 0,28 0,01
210445 1581 868,58 4511 0,41 0,02
1753,58 106,48 444,46 27,43 0,24 0,01
1721,01 128,44 451,21 11,40 0,28 0,02
2771,16 504,66 1297,37 247,48 0,46 0,01
2086,61 263,83 626,42 190,76 0,26 0,05
1613,69 122,45 412,46 70,97 0,24 0,02
3478,93 187,62 1582,18 95,78 0,46 0,01
1812,45 74,51 562,07 18,28 0,31 0,01
1877,44 132,14 523,46 37,00 0,28 0,01

Table 9: spectrophotometric analysis recorded fs&ms extracts during ripening in each cultivadi2 vintage)
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Graphic 13: evolution of skins proanthocyanidindNefo d’Avola and Frappato in Marsala site (201atage)
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Graphic 14: evolution of FRV/PI ratio of skins preaocyanidins of Nero d’Avola and Frappato in Maassite (2014 vintage)
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Graphic 16: evolution of FRV/PI ratio of skins préamcyanidins of Nero d’Avola and Frappato in Sansbsite (2014 vintage)

Biotype x site interactionsat harvest (tab. 10), in Marsala site ,A andi@ypes

of Nero d'Avola (respectively Pl = 1885,4 and 2822and mg/kg), showed a higher
proanthocyanidins concentration than C biotype, aetlveen them there weren’t
differences in terms of degree of polymerizatian.Sambuca site B biotype of Nero
d'Avola (Pl = 2037.01 mg/kg, FRV/PI = 0.32) preedilon A and C biotypes both for
the proanthocyanidins concentration, and for tieér tdegree of polymerization.

In Frappato cultivar, in Marsala, B biotype (Pl #08,79 mg/kg, FRV/PI = 0.24)
prevailed on A biotype for the proanthocyanidins@tration and as tendency even
for the degree of polymerization. In Sambuca, betwthe two biotypes of Frappato
there weren’t important differences in the proanttamidins concentration and their

degree of polymerization.
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Proanthocyanidins Flavans reactve to

G x E combination index (PI) vanillin (FRV) FRV/PI

Cultivar Biotype Site mg/kg Std. Err. mg/kg Std. Err. value Std. Err.
Nero d'Avola A Marsala 1885,42 92,00 532,93 24,01 0,28 0,00
Nero d'Avola B Marsala 2122,87 203,59 536,41 26,06 0,26 0,04
Nero d'Avola C Marsala 1388,08 150,98 410,68 105,55 0,29 0,06
Frappato A Marsala 1333,24 305,81 429,31 151,13 0,32 0,03
Frappato B Marsala 2108,79 493,37 473,10 60,29 0,24 0,05
Nero d'Avola A Sambuca 1424,36 82,60 271,58 6,14 0,19 0,01
Nero d'Avola B Sambuca 2037,10 164,06 657,39 118,06 0,32 0,03
Nero d'Avola C Sambuca 1379,62 37,47 308,42 18,96 0,22 0,01
Frappato A Sambuca 2163,06 405,06 587,56 183,14 0,26 0,03
Frappato B Sambuca 1591,83 90,53 459,37 56,99 0,29 0,03

Table 10: spectrophotometric analysis recordegh fskins extracts during ripening in each biotyp@l@ vintage)

4.3 - EVALUATION OF MONOMERS CONSTITUENT, EXTENSION AND
TERMINALS, AND THE DEGREE OF POLYMERIZATION OF
PROANTHOCYANIDINS DURING THE RIPENING OF THE GRAPES
(CHROMATOGRAPHIC DETERMINATIONS)

The acid catalyzed hydrolysis of the proanthocyasiéxtracts in the presence of
a large excess of phloroglucinol of Nero d'Avola &mappato skins, highlighted the (+)
- catechin as a terminal unit and the (-) - epidaite (-) - epigallocatechin and (-) -
epicatechin-3-0-gallate, as phloroglucinol — linkddtermined as extension unit.

The same terminal units and extension have beentifidd in skins of
Chardonnay from Kennedy and Jones (2001).

Subunit composition of extension in harvest tirttee two experimental sites, the
proanthocyanidins composition of different cultivean biotypes, in percentage terms,
showed no significant differences (tab. 11). Thieapchin was the main monomer of
skins proanthocyanidins of all biotypes. Howeveamppato cultivar showed a higher
concentration of epigallocatechin than Nero d'Avdistypes. It is possible that
Frappato synthesize more epigallocatechin than Né&yeola due to genetic factors. In
Marsala, A and B biotypes of Frappato had a cormémipigallocatechin, as extension
unit, respectively, equal to 11.23 and 6.76%; whiteSambuca, for the same biotypes

were recorded values respectively equal to 8.53a9wPo.
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G x Ecombination EGC-P C-P EC-P ECG-P

Cultivar Biotype Site % % % %
Nero d'Avola A Marsala 5,55 2,57 88,41 3,48
Nero d'Avola B Marsala 2,85 1,77 94,83 0,55
Nero d'Avola C Marsala 6,93 0,15 85,81 7,11
Frappato A Marsala 11,23 2,85 82,94 2,98
Frappato B Marsala 6,76 3,55 87,93 1,77
Nero d'Avola A Sambuca 7,03 3,95 84,14 4,89
Nero d'Avola B Sambuca 6,99 516 84,81 3,03
Nero d'Avola C Sambuca 5,87 5,26 82,08 6,78
Frappato A Sambuca 8,53 6,12 82,24 3,11
Frappato B Sambuca 9,94 2,85 83,81 3,40

Table 11: proanthocyanidins extentions subunitspzsition

Cultivars x siteinteractions -In Marsala site, the total subunits concentratibn o
Nero d’Avola cultivar decreased from 461,89 (fsampling) to 310,73 mg/kg (harvest
time), while Frappato cultivar switched from 244187196,97 mg/kg.

In Sambuca, a higher decrease than in Marsala reemded. In fact, for Nero
d'Avola, the total concentration of subunit deceeafrom 552,11 (first sampling) to
348,23 mg/kg (harvest time) and Frappato from 555%293,68 mg/kg.

During ripening, both extension subunits, both feats subunits have undergone
a progressive decrease (tab. 12)

According to Kennedy et al. (2000b), flavonoids mamers and monomers
constituting proanthocyanidins are synthesized Ipdiefore veraison, then decrease
during ripening.

To calculate the mean degree of polymerizationroapthocyanidins (mDP), the
sum of subunits contents in mg/kg (flavan-3-ols oraers and phloroglucynol adducts)
was divided by the sum of all free flavan-3- oilemmmers.

The mean degree of polymerization was calculatethgusesponse factors
reported by Kennedy and Jones, (2001) of hydrolgsglucts of proanthocyanidins
relative to the (+) - catechin, internal standard.

During ripening (tab. 12), in grapes skins of San#bsite, the mean degree of
polymerization of proanthocyanidins showed an higherease than Marsala.

In Marsala, from first to last sampling, Nero d'Aaocultivar showed an
increments of mDP, from 16,60 to 21,98; while, patpo cultivar from 17,05 to 22,34.
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In Sambuca site, in Nero d'Avola cultivar, mDP gfresn 22,33 to 26,59, instead

in Frappato, from 26.38 to 31,58.

G x E combination

Proanthocyanidins subunits

Sampling mDP
Cultivar Site E*mg/kg  Std. Err. T** mg/kg  Std. Err. Tot. mg/kg  Std. Err. value Std. Err.
Nero d'Avola Marsala
| 433,57 14,40 28,32 2,62 461,89 16,61 16,60 1,29
I 309,78 8,66 20,14 1,61 329,92 10,05 18,43 0,87
1] 295,11 29,43 15,62 2,49 310,73 31,71 21,98 2,82
Frappato Marsala
| 228,91 53,81 16,06 2,90 244,97 56,53 17,05 1,23
1] 263,31 13,22 14,20 1,82 277,51 15,04 20,75 1,53
1] 187,22 29,81 9,75 1,61 196,97 31,42 22,34 0,42
Nero d'Avola Sambuca
| 526,89 111,10 25,22 2,94 552,11 113,77 22,33 2,74
I 415,97 63,07 17,89 1,27 433,86 64,28 25,26 2,43
1] 334,05 45,59 14,18 0,22 348,23 45,45 26,59 3,72
Frappato Sambuca
| 534,75 52,99 20,50 1,99 555,25 54,61 26,38 1,61
1] 378,79 16,61 17,38 1,37 396,17 15,54 26,50 311
1] 283,58 14,00 10,10 0,96 293,68 14,83 31,58 1,76

Table 12: Extention (E), terminal (T) and total )Teroanthocyanidins subunits and mean degree lgfrvization

(mDP) recorded in skins extract during ripeningach cultivar
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Graphic 17: evolution of total proanthocyanidinbwuits in skins extract of Nero d’Avola and Fragpatltivar

61



35

30

25

mDP

20

15

10

Marsala ‘ LSD 5%

V M

I

mmNero d'Avola s Frappato

Graphic 18: evolution of mean degree of polymeitzrain skins extract of Nero d’Avola and Frappatitivar in
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Graphic 19: evolution of total proanthocyanidinbwits in skins extract of Nero d’Avola and Frajpetiltivar in

Sambuca site
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Graphic 20: evolution of mean degree of polymeitzain skins extract of Nero d’Avola and Frappatttivar in
Sambuca site

Biotype x site interaction The total concentration of the subunits constituerd
the mean degree of polymerization of the proanthnitiins extracted from grape skins
was higher in Sambuca biotypes than Marsala (3. 1

The apparent mean degree of polymerization of ghaayanidins of this part of
the berry was lower than the data reported initbeature; this could be attributed to the
poor efficiency of the hydrolysis process and daization or not completely eluted
with ethyl ether of the monomeric catechins frora @18 cartridge before recovery of
oligomeric and polymer proanthocyanidins with mettia Further investigations have
to be carried out to clarify the discrepancies cle in this work.

For what concerns Nero d'Avola cultivar in Marssit@, A and B biotypes have
been reported more subunits (respectively 362,73 368,50 mg/kg) compared to C
(200, 95 mg/kg). Considering Frappato biotypesehseren’t important differences,
but B biotype was (237,10 mg/kg) basically supeidoA (156,85 mg/kg).

In Sambuca site, subunits concentration of thedBype of Nero d'Avola (503,22
mg/kg) prevailed on A biotypes (362,73 mg/kg) an@d200,95 mg/kg). There weren’t
difference between A and B biotypes of Frappatepeetively 331,76 and 275,60
mg/kg). The mean degree of polymerization of bieg/mf Sambuca (tab. 13) was
higher than Marsala.

In Marsala, for Nero d'Avola, the C biotype (MDRBB%74) showed an degree of
polymerization higher than A and B biotypes. Betwé@eand B biotypes of Frappato
(mDP respectively equal to 23,51 and 21,54) themewt significant differences.
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For what concerns Sambuca, B biotype of Nero d&ymDP = 39,14) showed
an highest degree of polymerization respect to & @nAs shown biotypes in Marsala,
also in Sambuca, for Frappato biotypes, A and B Pnaihounting to 33,96 and 34,18)
there weren't significant differences.

G x E combination Proanthocyanidins subunits mDP
Cultivar Biotype Site Tot. mg/kg Std. Err. value Std. Err.
Nero d'Avola A Marsala 362,73 4,96 17,10 2,00
Nero d'Avola B Marsala 368,50 2,08 17,10 2,00
Nero d'Avola C Marsala 200,95 1,76 31,74 9,48
Frappato A Marsala 156,85 1,08 23,51 2,19
Frappato B Marsala 237,10 4,39 21,54 0,62
Nero d'Avola A Sambuca 246,69 1,85 17,73 2,10
Nero d'Avola B Sambuca 503,22 1,47 39,14 3,59
Nero d'Avola C Sambuca 294,79 2,53 22,90 3,26
Frappato A Sambuca 311,76 1,38 33,96 1,63
Frappato B Sambuca 275,60 2,97 34,18 10,01

Table 13: total (Tot) proanthocyanidins subunitd arean degree of polymerization (mDP) recordedkiimssextract
during ripening in each biotype

4.4 — EVALUATION OF MONOMERS CONSTITUENT, EXTENSION AND
TERMINALS,  THE MOLECULAR MASS AND HYDROPHOBIC

INTERACTIONS OF WINE PROANTHOCYANIDINS

(CHROMATOGRAPHIC DETERMINATIONS)

The data obtained in the laboratories of the Depamt of Viticulture and
Enology, University of Fresno, California, haveoalkd it to gain important information
about the characteristics of tannins in wines oleti whit grapes from two
experimental fields. (tab. 14)
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G x E combination

Phloroglucinolysis GPC L.
: Stickiness
Cultivar ~ Biotype  Site EGC-p P EP-P ¢ ECG-P 20 ST 50% (-kJ/mol)
(mg/t)  (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L elution
Nero d'Avola A Marsala 51,86 23,77 384,85 86,79 21,55 37,75 606,56 14,06 04,62
Nero d'Avola B Marsala 64,45 29,66 479,13 92,94 28,18 43,20 737,56 14,09 36, %
Nero d'Avola C Marsala 41,91 22,76 312,57 81,54 16,79 32,49 508,07 14,38 07,68
Frappato A Marsala 42,65 26,40 241,98 51,63 16,36 31,95 410,98 14,39 09,86
Frappato B Marsala 49,85 32,13 289,36 65,01 12,51 41,74 490,60 14,24 57,000
Nero d'Avola A Sambuca 68,14 22,25 413,86 95,09 22,21 49,38 670,93 14,36 35,231
Nero d'Avola B Sambuca 95,93 25,07 445,53 126,59 28,85 44 51 766,47 14,46 334,73
Nero d'Avola C Sambuca 41,01 16,31 287,67 71,77 21,92 25,83 464,51 14,68 05,882
Frappato A Sambuca 105,06 26,76 350,04 63,34 24,68 27,16 597,05 14,47 126,24
Frappato B Sambuca 153,11 71,56 712,41 172,86 44,28 97,91 1252,13 7 14,1 573167

Table 14: wine results recorded from cromatograghiaysis, phloroglucynolysis, molecular mass (Ga@)
stickiness (hydrophobic interactions)

Characterization of proanthocyanidinsThe subunit composition of extension

and termination monomers of wine proanthocyanidimsfirmed, in qualitative terms,
as reported by Kennedy and Taylor (2003). In féoe, chromatographic analysis to
phloroglucinol revealed the presence of epicateckigallocatechin, catechin and

epicatechin-gallate 30-gallate as extension subuo#techin and epicatechin subunits
as terminals units.

With the exception of wine obtained from grape<Cobiotype of Nero d'Avola,

there was a higher concentration of tannins in simade of Sambuca than Marsala

(tab. 15).

In all genotype x environment combinations, winesapthocyanidins showed a
strong dominance of epicatechin as extension stdumi (> 71% for Nero d'Avola and

> 65% for Frappato). Over all, Frappato wines shbyweanthocyanidins with a hgher
percentage of epigallocatechin than Nero d'Avolaesi In fact, for Frappato wines,
from Marsala grapes, biotypes A and B showed agmeage of epigallocatechin equal
respectively to 12.05 and 11.98 % while, from Sacabgrapes, 19,700 and 14.54%.
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G x E combination

Extension units

Terminl units

Concentration

Cultivar  Biotype  Site gl EGCP%  CP%  EC-P%  ECG-P% C°”?;’:;St'°“ C% EC%
Nero d'Avola A Marsala 482,03 10,25 4,70 76,09 4,26 124,54 69,69 30,31
Nero d'Avola B Marsala 601,42 10,21 4,70 75,92 4,46 136,14 68,27 31,73
Nero d'Avola C Marsala 394,04 10,06 5,46 74,99 4,03 114,03 71,51 28,49
Frappato A Marsala 327,39 12,05 7,46 68,40 4,62 83,59 61,77 38,23
Frappato B Marsala 383,85 11,98 7,72 69,56 3,01 106,75 60,90 39,10
Nero d'Avola A Sambuca 526,46 12,42 4,06 75,42 4,05 144,47 65,82 34,18
Nero d'Avola B Sambuca 595,38 15,46 4,04 71,81 4,65 171,10 73,99 26,01
Nero d'Avola C Sambuca 366,91 10,70 4,26 75,07 5,72 97,60 73,54 26,46
Frappato A Sambuca 506,54 19,70 5,02 65,64 4,63 90,51 69,99 30,01
Frappato B Sambuca 981,35 14,54 6,80 67,66 4,21 270,78 63,84 36,16

Table 15: wines proanthocyanidins characterization

Molecular mass The analysis based on gel permeation chromatogréPR{)

were used for the determination of tannins moleamlass experimental wines.

Through this analysis, small molecules (small whiglermeate throughout the
porosity of the chromatographic column with a hrgkention time. Big molecules are
excluded from the porosity and are eluted with l@tention times. In the graphic 21,

low values of tannins retention time (50% eluti@amjicate high levels of molecular
mass and opposite.

Basically, wines made from grapes of Marsala showauhins with a higher

molecular mass than Sambuca. Probably, during fetatien with skins and seeds

(maceration), in musts of Sambuca, with highestasugpntent than Marsala (more

alcohol concentration), there was a greater extmaci tannins derived from seeds (low
polymerized).
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Graphic 21: 50% elution time (50 % ET) of proantyemidins
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For wines of Marsala, the biotype A of Nero d'Av¢b0% ET = 14,06) prevailed
above the C biotype; instead, to Sambuca, biofy(&0% ET = 14, 36) prevailed on B
and C biotypes. In Frappato wines in both experiaiesites B biotype (Marsala: 50%
ET = 14.24; Sambuca: 50% = 14.17 ET) showed tanmitisa greater molecular mass
than A.

Hydrophobic interactions The mouthfeel quality of red wine is an important

management consideration, and tannins, which dan&iastringency, are central to it.
In addition to tannin, the matrix of red wine (e.g@thanol, residual sugar, and
polysaccharides) is known to have an impact onnggncy perception. With regards to
tannins and in addition to concentration, its cosian (e.g., subunit composition, size
distribution, pigment incorporation, and oxidatiasonsidered toffect tannin activity
or its stickiness.

Stickiness is defined as the observed variationha énthalpy of interaction
between tannin and a hydrophobic surface. In thsecthe hydrophobic surface is
polystyrene divinylboenzene, and previous studiegeHaund that stickiness variation
with the tannin structure is similar to variatiaisserved when using ITC to monitor the
tannin interaction with poly-L-proline.

Stickiness measurements based on the thermodynaifntbe tannin interaction
with a hydrophobic surface suggest that this arw@lyapproach has utility. The results
show that, in wines made from Nero d'Avola, in Mdassite, tannins were able to
create more hydrophobic interactions compared toesviof the same cultivar of
Sambuca.

In Frappato, Sambuca wines prevailed over thoséafsala. Analyzing the
results for biotype, at both experimental siteg, Bhbiotype of Nero d'Avola and B
biotype of Frappato prevailed over other biotypethe same cultivar.

This appears in accordance with the tannins coreton in the respective wines.
However, other factors, capable of influencing loyadrobic interactions amount, aren’t

likely to be excluded.
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4.5 - WINES SENSORY ANALYSIS

The sensory evaluation was carried out using eoshrofile sheet based on a
parametric non-structured assessment to deteat iobémsity, astringency and body
characters. Four trained panelists evaluated th&osg notes of all samples. Data were
then standardized for panelist by z transformadiiod statistically processed by
ANOVA.

Based on the data obtained, visual and gustat@tysia shows that, for all the
parameters considered, colour intensity, strucuackastringency, values tend to be
higher in the wines made from Sambuca than thosap$ala.

In particular, to astringency perception, withinnes of Marsala there weren't
important differences between biotypes; while, wired Sambuca showed basically
differences: A biotype of Nero d'Avola prevailed &81and C, instead, in Frappato

cultivar, B biotype prevailed on A biotype.
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G x E combination

Colour

Color intensity

Structure

Astringency

. : Structure  Astringency
Cultivar  Biotype Site intensity
Nero d'Avc A Marsala 0,31 -0,70 0,59
Nero d'Avc B Marsala 0,44 0,64 0,60
Nero d'Avc C Marsala -0,19 -0,08 -0,23
Frappato A Marsala -1,03 -0,71 -0,37
Frappato B Marsala -1,17 -0,26 -0,75
Nero d'Avc A Sambuca 0,41 -0,02 0,76
Nero d'Avc B Sambuca 0,63 -0,02 0,09
Nero d'Avc C Sambuca 0,42 -0,02 -0,49
Frappato A Sambuca -0,52 -0,02 -0,66
Frappato B Sambuca 0,67 -0,02 0,17
Table 16: sensory analysis results
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Graphic 23: sensory analysis of wines obtainethfgrapes of Marsala
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5. CONCLUSIONS

The needs of growers and wineries are constandngihg, so it is important to
know the characteristics ®fitis vinifera cultivars and selections in order to respond to
market demands with wine production appreciateddmsumers.

Results obtained in this work show, as indeed &ady known from previous
studies (Pigella et al., 1998) that the synthekiaganols in grape skins takes place
under the control varieties. The proanthocyanic@mslution detected was different
from flavanol monomers, as demonstrated by the rpesive decrease of the two
parameters and the increase of degree of polyntierizdeduced from the FRV/PI ratio
during ripening.

Even chromatographic data obtained (vintage 20té) acid hydrolysis in the
presence of an excess of phloroglucynol (phloghigsis) confirm the decrease of
proanthocyanidins during ripening and the increafstheir degree of polymerization.
The data confirm what has been observed by Ang@@ii2) on Nebbiolo and Barbera
cultivar.

It is clear, in this work that environmental comalits play an important role on the
accumulation and evolution of proanthocyanidingtiape skins. From data obtained in
these two years of experience, it appears thagrkieonmental conditions of Sambuca
site, with higher average daily temperatures, datexd, comparing during berry
development and ripening the same cultivar andyp&tto a greater accumulation of
proanthocyanidins, a greater decrease and a hpgitymerization degree than the site
of Marsala. These effects have been consequencegines characteristics. Many
scientific papers emphasize the role of temperavaré¢he accumulation of secondary
metabolites, such as those of Hawker (1982), J¢01b@32), Ebadi et al. (1995) and
Dokoozlian and Kliewer (1996) where relatively higgmperatures (> 30°C) were able
to increase the metabolic processes in the acctionlaf polyphenols.

The phloroglucinolysis on skins proanthocyanidinaswcharacterized by low
conversion yields and it was not possible in thiglg to understand the reasons for the
discrepancies between spectrophotometric datataoednatographic data.

The composition of proanthocyanidins extension surdaf Nero d'Avola and
Frappato proved to be quite particular and confttme qualitative aspect, experiences
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of other authors (Cheynier et al. 1997a, Kennedl.e2001, Downey et al. 2003a ). In
the skins of these two varieties was detected iy tre (+)-catechin as a terminal
monomer. To extention subunit (-)-epicatechin wessg@iled on other subunits, but in
Frappato biotypes relevant percentage of (-)-efgsigalechin were recorded.

Despite some discrepancies between results obtéiomdthe analysis performed
on extracts of skins, it seems that in the sit®lafsala, differences between biotypes of
Nero d'Avola are less relevant than what we canise®ambuca site, where the B
biotype prevails on biotypes A and C both in terro§ concentration of
proanthocyanidins both to their degree of polynaian. While in Frappato cultivar
there were not relevant differences between bigtypédoth experimental site.

As wines, where tannins derived from skins and seed present, results indicate
that, the biotype B of Nero d'Avola is charactediby a higher concentration of tannins
and higher stickiness (tannins more reactive) tthenothers; this implies that wines
from this biotype require an aging period, befosasumption, in order to favourite the
tannins evolution and decreasing of the astringer@gnsidering the degree of
polymerization deduced from GPS analysis, the winfed biotype of Nero d'Avola
have been higher values than the other biotypes.

Taking into account Frappato, B biotype had momaites and a higher degree of
polymerization and stickiness than A in both expemntal sites; therefore, it appears to
be the biotype more suitable for production of wirdemanding a period of aging;
biotype A can be used for the production of wineady to be drunk and easy to
consume.

In conclusion, in this work, the first of this kirid be developed on Sicily native
cultivars, we can say that the genotype x envirartmeteractions have played a
decisive role on the quality of grapes and winetalabtained have proven to be useful
in understanding grapes physiological aspects, essalt of different environmental
conditions, as well as to obtain practical knowketly apply to wine-making level.
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