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ABSTRACT
This PhD thesis dealt with the study of yeast Iyhising bottle-fermented sparkling wines
ageing in presence of B-glucanase oenological preparation. A four-stepeexrpental
procedure was set up by performing the followingige1) Preliminary study of Lallzyme
MMX ® oenologicalpreparation (Lallemand Inc., Canada), commonly usedmprove the
short maturing of wines on lees, both in presenod m absence of two secondary
fermentation yeast strainSaccharomyces cerevisibayanusBCS10% (Fermentis, division
of S.I. Lesaffre, Francend Saccharomyces cerevisiae bayahas/in EC1118 (Lallemand
Inc., Canada) in synthetic buffers, in dependerfcetband ethanol concentrations, kinetic
parameters determination; 2) Sparkling wines prtidncby the traditional method. Base
wine inoculum was performed using the same selegtedt strains, both in absence and in
presence of Lallzyme MM 3) Base wine and sparkling wines sampling at 4nél 12
months aftertirage and study of: yeasts morphological changes by TEk&ansmission
Electron Microscopy) and SEM (Scanning Electron mdécopy) observations; foaming
properties; free amino acids composition; totatgirs content. A fourth step was focused on
perform a sensory analysis 12 months dftage by a trained panel group aimed at assess the
differences between sparkling wines produced irsgmee and in absence of Lallzyme
MMX ®. Moreover, a PCA bi-plot was carried out considetiogl proteins and free amino
acids 12 months aft¢irage.
The preliminary charaterization of Lallzyme MMXhowed that even if the optimum pH for
B-glucanase was 5.00, at wine pH (3.20), it exhibite satisfactory activity, useful for
oenological purposes. Moreover, a lytic activityyaast cell wall glucans was pointed out, in
particular for EC1118 strain. Ethanol inhibitiorddnot compromise the lytic activity @
glucanase, that resulted enhanced in presenceasf gells, in particular with EC1118. TEM

and SEM observations were useful to describe ygast during ageing. Free amino acids
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content showed the effect of enzymatic treatmenyemast lysis, particularly manifested for
some amino acids, such as Gaparfinobutyric acid), Hystidine, Threonine and Ismli@e

12 months aftettirage. Total proteins content showed that autolysis oecl already 8
months aftetirage, even if thisparameter seemed to have no positive influencdsaming
properties, which presented a decreasing trendnglusparkling wines ageing. Sensory
analysis showed no significant differences betwssmnples even if all sparkling wines were
considered as good. Future perspectives may lookcatase knowledge about enzyme
inhibitors both in synthetic buffers and in winanad to better understand enzyme behaviour

in real wine.
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RIASSUNTO

Questa tesi di dottorato ha riguardato lo studitadesi cellulare durante la maturazione di
spumante rifermentato in bottiglia in presenza ufa preparazione enologica a base3di
glucanasi. Il progetto di tesi ha previsto una ispentazione suddivisa in quattro fasi: 1)
Studio preliminare del preparato enzimatico ad esologico Lallzyme MMX (Lallemand
Inc., Canada), utilizzato per migliorare ed acaelerda maturazione dei vini sulle fecce. Lo
studio e stato condotto sia in presenza che innaasa&i due ceppi di lievito per
rifermentazione:Saccharomyces cerevisidmyans BCS103 (Fermentis, division of S.I.
Lesaffre, France) &accharomyces cerevisidmyanusLalvin EC1118 (Lallemand Inc.,
Canada) in tamponi sintetici, sono stati valutatdipendenza dal pH, da due concentrazioni
di etanolo e i parametri cinetici dell’enzima; 2joBuzione di spumante metodo classico

utilizzando i due ceppi selezionati, sia in assast®in presenza del preparato enzimatico; 3)



Campionamento del vino base e degli spumanti ditend, 8 e 12 mesi dopo firage e
studio di: cambiamenti morfologici dei lieviti tram®@ TEM (Transmission Electron
Microscopy) e SEM (Scanning Electron Microscopy)aratteristiche della spuma,
amminoacidi liberi, proteine totali. La quarta fdseprevisto I'analisi sensoriale sui campioni
12 mesi dopo iltirage, allo scopo di valutare le differenze tra gli st prodotti in
presenza e in assenza del preparato Lallzyme fMMoltre, & stata condotta una PCA
(Principal Component Analysis), considerando coragabili proteine totali e amminoacidi
liberi 12 mesi dopo itirage.

Dallo studio preliminare del preparato Lallzyme MR emerso quanto segue: il pH
ottimale per laB-glucanasi e 5.00 tuttavia, al pH del vino (3.28nzima ha manifestato
un'attivita soddisfacente, utile agli scopi enotbgprefissati. Inoltre, e stata rilevata
un'attivita litica sui glucani della parete celltdadel lievito, in particolare per il ceppo
EC1118. Linibizione esercitata dall’etanolo non t@mpromesso l'attivita litica dellg-
glucanasi, che é risultata piu elevata in preseatetke cellule di lievito, in particolare del
ceppo EC1118. Le osservazioni al TEM e al SEM sosavelate utili per descrivere la lisi
cellulare durante la maturazione dello spumanteoitenuto in amminoacidi liberi invece ha
mostrato I'effetto della preparazione enzimaticlaslisi cellulare, particolarmente evidente
per alcuni amminoacidi come Gaba (acyd@mminobutirrico), Istidina, Treonina e Isoleucina
12 mesi dopo itirage. Le proteine totali hanno evidenziato I'avvenusa tellulare 8 mesi
dopo l'inizio della presa di spuma, anche se gqupatametro non ha avuto influenze positive
sulle caratteristiche della spuma, che hanno mostra andamento decrescente durante la
maturazione degli spumanti. All'analisi sensorialéti gli spumanti sono stati giudicati di
buona qualita. Le prospettive future potrebberouargare I'acquisizione di ulteriori
conoscenze riguardo gli inibitori delglucanasi sia in tamponi sintetici che in vinoy pe

comprendere meglio il comportamento dell’enzimaandizioni reali.
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1 INTRODUCTION

A sparkling wine is obtained by a secondary ferragom of a still wine, called base wine.
Depending on the production technology, they canclassified into sparkling wines
produced by traditional in-bottle fermentation asmhrkling wines produced by secondary
fermentation in hermetically-sealed tanks.

The production of sparkling wines is a long proctss follows many different steps, and
most of them require long time and expensive gkillabor. In the traditional method
technology, secondary fermentation takes placectijrento the same bottle that will be
marketed. Base wine, yeasts and saccharose irotrectamunt to produce the desired,CO
pressure are introduced into the bottle and secgrfdamentation occurs. Refermentation is
followed by a prolonged ageing in contact with lee&l during this time, yeasts autolysis
takes place. This process is characterized by ydeolysis of intracellular biopolymers by
endogenous yeast enzymes, resulting in the relgfaseveral intracellular compounds like
amino acids, peptides, proteins, polysaccharidedgert acid derivatives and lipids that have
a positive effect on sparkling wine quality (Alexiiea and Guilloux-Benatier, 2006).
However, yeasts autolysis is a slow process lastorg a few months to years and depending
on various factors such as temperature, nutriergsadility, grape variety, or the yeast strain
used (Nunez et al., 2005).

Over the years many attempts to simplify the préidacprocess have been made, trying, at
the same time, to keep the quality and the charatits of sparkling wines unaltered. This
revolution is still currently a matter of debatetivim the winemaking industry. Some new
approaches in this area include the use of modetadhnologies, in order to obtain a quality

end product with reduced production times and cfEtg, et al., 2003). In addition to the



improvement of the yeasts used for secondary fetatien, also procedures to go faster the
natural process of autolysis have been studiedodBagon et al., 2009).

For years on end, two methods have been availaldedelerate this process during sparkling
wine production: by adding yeast autolysates to whee and by increasing the ageing
temperature (Charpentier and Feuillat 1992). Howelveth techniques cause organoleptic
defects in the final product, often described aastyy Many researchers addressed their
studies towards the selection of autolytic yeastirs$ for secondary in-bottle fermentations
(Gonzalez et al. 2003, Martinez-Rodriguez et 80120 Todd et al. 2000).

Over the years, the winemaking industry has dewslogpecific commercial enzyme
preparations with the aim of accelerating autolysiwines aged over lees. These products are
a mix of several enzymes suchfaglucanases and pectinases that considerably setea
polysaccharide concentration of both white and wedes (Pellerin and Tessarolo 2001,
Trione and Martinez 2001). Many studies are avhilabout the use of these enzymatic
preparations for yeast autolysis enhancement inaretl white wines (Masino et al. 2008,
Palomero et al. 2009, Palomero et al. 2007). Omther hand, to our knowledge, there are no
research works about the use of these enzymatmamgons for the production of sparkling
wines by the traditional method. Moreover, any iprglary study of these commercial
enzymatic preparations is still available.

The present work focuses on the preliminary stufdyatizyme MMX® activity, an enzymatic
preparation containing-glucanase activity, both in presence and in alesehtwo secondary
fermentation yeast strainS. cerevisiadayanusBCS10% andS. cerevisiae bayanuslvin
EC111&, and its further application in sparkling winesghuction by the traditional method.
Enzyme activity was studied in different bufferglan a model wine solution. pH and ethanol
content effects, i.e the main wine characterigtmssibly affecting enzyme activity, were also

considered. In addition, the interactions betwdendnzyme and two different yeast strains
9



was verified. After sparkling wines production,edit and indirect evaluation of EC1118 and
BCS103 strain lysis was performed. The analysisrafyme effects on yeasts morphology,
foaming properties, chemical composition changind aensory quality implications on the

obtained sparkling wines was conducted.
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2 STATE OF THE ART

2.1 Sparkling wines production by the traditional nethod

A sparkling wine is a special wine obtained by eoselary fermentation of a still wine, called
base wine. Depending on the production technoltiggy can be classified into sparkling
wines produced by traditional in-bottle secondanyrfentation and sparkling wines produced
by secondary fermentation in hermetically-sealetda

The traditional method is used in Spain to produCava” sparkling wine, in Italy for
“Talento” productionandalso in the FrenciChampagneegion to obtain theChampagne”
sparkling wine. In this case, the production tedbgy is strictly regulated by the principles
of the “Appellation d’Origine Controlée(AOC).

Even if the winemaking techniques adopted ovemtbdd may be very similar among them,
because of the exceptionafroir, the European Union authorized the use of the sspe
“méthode champenoisenly for sparkling wines produced in ti@hampagneregion (EU
regulation n°3309/85). As a consequence, sparkiings produced elsewhere cannot use this
expression but “traditional method”, “classic mathor similar terms.

In general, the traditional method requires a sédorbottle alcoholic fermentation of a base
wine and a prolonged ageing in contact with leesrindy this process, the characteristic
endogenous C£s produced with the consequent release of carbmadg when the bottle is
uncorked (Torresi et al., 2011).

Although the production of sparkling wines is lowaympared to that of still wines, the
economical impact of this product is very importhetause of its high added value. Today,
the orientation of customer preferences toward dbality of fermented beverages is a

11



certainty and sparkling wines made through theiticachl method present distinct and unique
characteristics compared to the whole range ofkéipgrwines produced by other techniques
(Torresi et al., 2011). The production of sparklwges requires some devices suitable to
sustain the internal bottle pressure typical oséhspecial wines. This led in the past to the
introduction of special cork closures and the demelent of new technologies in glass
manufacture. It was fundamental to produce redigilass for bottles able to withstand the
high pressures that develop during base wine refietation. During the reign of King James

| (1603-1625), in England, glassmakers startedsw® apal to fire the glass furnaces, this
expedient allowed to obtain bottles resistant spure. The introduction of corks, at the end
of 1500s, permitted to hold carbon dioxide inside bottle, contributing to the evolution of

sparkling wines production technology (Jackson, 800

2.1.1 Elaboration of base wines

The elaboration of a sparkling wine involves figithe bottle with the base wine, derived
from the fermentation of grape musts produced kytitiditional white wine technology.
Some of the many cultivars used in various growiegions for the traditional sparkling
wine’s production ar€hardonnay, Pinot Noir, Pinot MeuniendPinot Blanc The use of
autochthonous cultivars has become a common peaetien if their use is forbidden for the
production ofChampagne

The base wine should always presents typical ctersiics like moderate alcohol content
(about 11% v/v), because a subsequent amount ah@ths produced during secondary
fermentation (up to a final concentration of ab&8%6 v/v); pale colour; fruity aroma; low
residual sugar content; low volatile acidity anddd usually have been subjected to tartaric

stabilization. Moreover, is convenient for baseegimo show quite higher total acidity values
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than traditional white wines. In fact, during theogluction process, total acidity decreases,
because of potassium bitartrate precipitationsjoraaid degradation operated by yeasts and
also dilution due to dosage material additibqueur d’expeditioh (Ribéreau-Gayon et al.,
2004). For these reasons, harvesting is generhdjiitly anticipated respect to traditional
white wine grapes. As a consequence, must extraotiest be very accurate, in order to avoid
skins macerations, leading to the formation of vwa&gend bitter defects. Also colour
extraction should be prevented, especially if rempgs are used for the so callddahc de
noirs’ sparkling wines (Zoecklein, 2002). Harvestingisery delicate process, grapes should
be hand-harvested into small containers, berrieakaige should be avoided, defective grapes
should be discarded and fruit should be transpdadehe cellar as soon as possible to prevent
undesired fermentations.

In order to limit oxidations and macerations, gsajpee generally directly pressed, without
crushing. This phase should be very fast to obtagood quality must. Immediately after
juice extraction, sulphur dioxide is added to préwaxidations and then solids are removed to
minimize phenols oxidations that may occur duriegnfentation. This is generally made
through the use of pectolytic enzymes. The prinfarynentation is usually carried out in
stainless steel tanks were temperature is mairttainder 20°C after selected yeasts addition.
Once the primary fermentation is completed, baseews clarified, decanted, filtered and
bentonite is added to prevent proteins precipitaticCold stabilization to avoid potassium
bitartrate precipitation is also performed. Imméelyabefore bottling, base wine is generally

filtered again, to completely eliminate solid peles.

2.1.2 Secondary fermentation
Even if base wines contain a quite low amount béeol, in order to facilitate the beginning

of secondary fermentation, an active selected geastulum is usually prepared, and wine is
13



gradually added in order to accustom yeasts tdhalcd\fter base wine introduction into the
bottle, atirage solution, composed of saccharose, yeasts, grapeanugne, in the correct
proportion to produce the desired £fressureis added. Moreover, a small amount of
bentonite is usually employed (Martinez-Rodrigued Bueyo, 2009) in order to simplify the
procedure of lees removaldgorgement

After the base winec(ivé¢ has been bottled, thHadule is also inserted. This is a hollow
polyethylene cup usually 17mm @ and 14 mm higjduleshelp to prevent leakage and metal
contact from the crown; furthermore, they give #dyeseal and help the disgorging process.
Further to the hand or machine insertion oflifthile, a closure is placed on the bottle usually
consisting of a crown cap. These corks are espedakigned for sparkling wines and are
generally made in stainless steel, coated mild stealuminium, although in some countries
plastic lined crown caps are also used (ZoeckRi0p).

The bottles are then stored horizontally in speplaces furnished for the settling of the
sparkle. The bottle storage area should be coolhand minimum temperature fluctuations
and minimum lighting. There are several bottle ager systems: by stacking bottles on the
floor, but this is a very labour-intensive one; lging wood or caged bins, where 380-504
bottles may be stacked, this is a very space-saystgm; a third method of bottle storage is
to place bottles into cartons (the same cartons \lia go to market). This is a system
designed and patented by California’s Korbel (Z¢eiok 2002).

During this time, secondary fermentation takes@l#éoce CQis formed and stabilized and the
ageing with the yeasts occurs (Martinez-RodriguelzRueyo, 2009).

The rate of the secondary fermentation dependshenykasts, temperature awdvée
chemistry, however, a secondary fermentation ail3% occurs in no less than 0.5-1.5
months. The fermentation progress is monitored dgucing sugars analysis and internal

bottle pressure control. At the end of secondamnéatation, when sugars have been
14



depleted, a prolonged ageing in contact with ldagss During this time, sparkling wines

mature and yeasts release their compounds intweittee modifying its characteristics.

2.1.3 Ageing over lees

During the ageing period, sugars are almost exbdustasts sediment accumulates and its
volume decrease. The horizontal position of théldailow an efficient sparkling wine-yeast
sediment contact so a slow release of yeast congiso(mainly amino acids) takes place.
These compounds originate both from yeasts and,vdugng fermentation, in starvation
conditions, yeasts accumulate them as a reserverar@the fermentation has finished, yeasts
release these compounds into the wine, modifymgharacteristics. This is still not autolysis,
but simply a free exchange back to the wine (Za@okl2002). These phenomena play an
important role in sparkling wines quality, alongsbavine composition and ageing times. The
length of the ageing period is a key parameterparlding wines production, in fact, the
reducing conditions inside the bottle ensure wirsgetion from oxidations and an adequate
ageing over leess(r lie). During this time, several months after secondargnentation, the
autolysis process takes place (Chapter 3). Thianisenzymatic self-degradation of cells
constituents thus causing the release of many tphramd cytoplasmic compounds with
proved foaming and sensory properties (AlexandceG@unilloux-Benatier, 2006; Nunez et al.,
2005; Moreno-Arribas et al., 2000). This processved to obtain an end product with typical
characteristics that make it a worldwide prestigiovine. During ageing roundness, flavour
and complexity develop, a typical characteristithis so called “yeasty character”. This is a
reduction scent due to thiol groups formation beeauof sulphur amino acids
photodegradation. This reaction depends on ribofl@itamin B;) photosensitivity, and the
reaction products, methanethiol and dimethyl didalfare responsible of “light struck” or

(Godt de Lumiere flavour (Ribéreau-Gayon et al.,, 2004). It has rbasbserved that
15



Champagneyuality diminished if bottles were exposed in soparkets instead of traditional
liquor stores and the “light struck” flavour appedr It was due to the intense fluorescent
lighting typically used in large retail stores aindjgered by photochemical transformations
involving sulphur components, such as methioning @&rsteine (Maujean and Seguin, 1983;
D’Auria et al., 2003). In order to protect spariiwine from “light struck” appearance, the
use of glass bottles impermeable to wavelengthewb&50 nm has become a common
practice. Moreover, the addition of small amourftagcorbic acid and Sefore the final

corking, allow to prevent this unpleasant drawb@ikéreau-Gayon et al., 2004).

2.1.4 Riddling, disgorging and dosage

When the winemaker considers that wine has mattoed sufficient time over lees, the
procedure of riddling, also calle@muageis carried out. This technique allows to convey
yeasts sediment into tHadule, facilitating lees removal during the subsequeasgarging
process. During riddling, gravity slowly convey® tbediment to the neck of the bottle. This
process was originally carried out with the bottiesdesks, by manually turning them 1/8 of
a turn for about 15 days and gradually increasingination until they were almost
perpendicular to the floor. Now this method hasnbesplaced by automated systems that can
move all the bottles simultaneously (Martinez-Rgdez and Pueyo, 2009). When the
sediment has been completely conveyed intdithele, bottles are ready for the final step, the
disgorging process, a@égorgementThis procedure is performed by inserting the nafcthe
bottle in a solution which freezes the sedimenpgdeal in thebidule The bidule helps to
ensure that the yeast plug will be ejected unifgramd that no yeast residue will be left.
Bottles are then placed neck-up, uncorked andrbgspre within the bottle ejects bduidule
and ice plug. The bottle is then filled with thigueur d’expédition or dosage solution,

composed of wine, sugar, brandy, $S@tric acid, with a different formula for eachirfi. The
16



amount of sugar (g') added with the dosage solution differentiatesridipey wines by
sweetness, thus they are classified as follows; BrL5 g Tof sugar; extra-dry, 12—20 ;|

sec, 17-35 gt demi-sec, 33-50 ¢} doux, >50 gt (Zoecklein, 2002).

2.1.5 Sparkling wines characteristics

Once the production process has ended, a specia wWwpified by carbon dioxide
development derlagg, foam appearance and some representative seolargcteristics is
obtained. The main factor distinguishing sparklimiges from still wines is effervescence,
this is due to the carbon dioxide bubbles that inapusly go up through the liquid.
Effervescence represents a pivotal quality criterib also behaves as an aromas carrier
because bubbles contain both L£@&nd some odorous compounds. When the bottle is
uncorked, the C@is rapidly released as a consequence of the difter between bottle and
room pressure. When the sparkling wine is pouréal time glass, carbon dioxide gives rise to
the perlage(CO; bubble chains that go up through the sparklingeyvand foam appearance.
Bubbles originate from nucleation sites formed iby solid particles localised into the wine
or on glass walls. CObubbles keep enlarging because their own intguredsure is lower
than that of the wine. When bubbles diameter reaeaheitical value, they get up to the wine
free surface. Some wine components such as polyaades, proteins and lipids influence
bubbles size, persistence and also foam, since ftray a rigid coat around each bubble,
reducing liquids’ surface tension.

Although there is no scientific correlation betwdeam quality and effervescence finesse,
consumers often believe that small bubbles argra @i a lasting and elegant effervescence
(Gallartet al., 2004). A good quality foam is characterized by @avsCQ;, release from the

bottom of the glass, bubbles should be small amch fa foam crown once they reach the
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liquid surface. Foam persistence depends on thental between the rate of bubbles
formation and disappearance (Martinez-RodriguezPareyo, 2009).

Since consumers consider foam and effervescenaedarmental criterion for sparkling wines
quality, the study of the mechanisms involved ianfoformation and its chemistry is essential
for winemakers (Robillard et al., 1993).

Many studies are available about the influenceitbémnt factors on foam appearance, such
as grape variety, time of harvesting, winemakingcpss, ageing time, wine composition
(Hardy, 1990; Moreno-Arribas et al., 2000). Numeraesearch groups, addressed their
studies toward the development of instrumental riegles able to evaluate foam
characteristics and match different sparkling wsaeples. The methods available to measure
foam are classified as follows: methods based on fé{@ase kinetic study; gas sparging
methods and image analysis methods (Martinez-Raeeizignd Pueyo, 2009). Methods based
on CQ release kinetic, involve the study of free £fpontaneously released from the bottle.
Once all the CQis come out, bottle is shaken to quantify the fertreleased CO Gas
sparging methods are widely used and are basetieoBikerman’s procedure (1938). This
method involves the estimation bf(Bikerman'’s coefficient), the ratio between foaniume

(in stationary state) and gas volumetric flux imgecinto the sample. This parameter is
independent from both instrument and gas flux tej@qGallart et al., 1997; Senée et al.,
1998). Bikerman’s method consists of injecting atoalled gas flux through a known volume
of wine to produce foam. After gas injection, itpsssible to measure the maximum height
reached by foam column and also the time elapskxuteball the bubbles disappear (after gas
flux interruption) (Pueyo at al.,1995). Maujean at (1990), developed an automatic
apparatus for foam measurement, based on the Bakesmmethod and called “Mosalux”

(Figure 1). This apparatus is widely used bothasearch laboratory and cellars producing
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sparkling wines. It uses a photoelectric cell tgiseer foam parameters, moreover, it is

equipped with a processor for data acquisition.

Figure 1 Mosalux apparatus scheme for foam measurement¢ljalsraduated glass
cylinder, (2) Thermostated bath, (3) Ultrasoundnieitter/receiver (4) 24 Volts power
supply, (5) Wavelenghts selector, (6) Flow conémll(7) Pressure reducing valve, (8)
Control valve, (9) Personal computer; (b) Base wimam profile, example (Pozo-Bayet

al., 2009)
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Mosalux apparatus measures three parameters: Hivhébility), expressed in millimiters and

representing the maximum height reached by foam 2 minutes after C@injection; HS

(Height stability), expressed in millimiters, istalmed maintaining the same conditions of

pressure and flow of CQin this circumstance, foam collapses to stabiiza level HS; TS

(Foam stability time), expressed in seconds, thithe time elapsed before all the bubbles

disappear after gas flux interruption (Gallart ét 4997; Poinsaut, 1991). It has been

demonstrated that HM and HS are independent antwerg,tin fact, a wine with attitude to

form much foam, not necessarily is also able tovipe a stable foam (Maujean, 1990).

Generally, during sparkling wines ageing on leeS,ddcreases, while TS tends to increase.
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The validity of the results obtained with the Masahpparatus has been repeatedly tested and
a good correlation between the measured paranmestdrghe Bikerman’s coefficient has been
found. Foam quality has also been evaluated by enalical equations established between
foam parameters (dependent variables of the emqsti@and wine physicochemical
characteristics, such as ethanol content, protehk, titratable acidity and organic acids
(independent variables of the equations)pgz-Barajas et al.,1999). Many studies have tried,
over the years, to suggest the introduction of pavameters for foam measurements, even if
Gallart et al. (1997) retains that HM,e TS are the most appropriate. Also image anaiysis
considered as a valid method to study foam chaiatits directly into the glass (Machet et
al., 1993), this technique evaluates automatidalim quality in real condition using video
cameras. However, this method does not apply te Wases to predict sparkling wine’s foam
quality (Gallart et al., 2004).

A correlation between sparkling wines foam and gir@ content has been pointed out
(Ribéreau-Gayon et al2004). Solubility greatly influences effervescenberause of their
hydrophobicity, proteins are adsorbed on the eatesurface of the gas bubble. The gas
bubble is so stabilized, because of surface terggonease. The adsorption is favored by a low
proteins molecular weight. Winemaking techniquesy magatively influence foam quality,
among them, filtration and clarification are thesnbazardous, since they cause proteins and
solid particles decrease. These compounds fornigatian sites allowing bubbles to grow, so
their removal from wine may allow a reduction o&ifo stability.

The use of bentonite may be responsible of foanuatesh, Martinez-Rodriguez and Polo
(2003), found that bentonite addition (0,03 to theliqueur de tiragemodifies proteins and
peptides composition of sparkling wines, while éimeino acidic content remains unaltered.
Also grape variety may greatly influence sparkhmges’ foam characteristics (Girbau-Sola et

al., 2002a; Girbau-Sola et al., 2002b). Becaus¢hefimportance of foam appearance and
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perlagecharacteristics, Obiols et al. (1998) developedlaable protocol including scorecard
to evaluate the foaming and effervescence propesfisparkling wines.

When a sparkling wine is poured into the glasspf@ppearance precedes the liquid and it's
considered as a fundamental quality criterion dutasting. Sparkling wines visual aspect is
then essential, an unpleasant visual perceptidacircan affect the whole sensory anlaysis.

A good quality foam has small G@ubbles, independent from each other and ablet&nr
their spherical shape. Furthermore, effervescerafea\les like an aromas detector, since
bubbles contain, in addition to GQilso odorous compounds (Ribéreau-Gayon e2@04).

In sparkling wines tasting, glass shape plays gomant role, it should beflite with typical
characteristics. This is a tapered glass, withightskhrinking aperture to favor both liquid
rotation and aromas conveyance to the taster’s. idsdlute shouldcontains about 100 ml of
sparkling wine, spread over a 75 mm height. Thisoissidered as an adequate wine quantity
to give a good effervescence and a proper tasting.

About sparkling wines tasting, Hardy (1986, 198¥a37b, 1988), wrote a complete guide,
therefore visual aspects should be considered gmritamt as olfactory and gustative
characteristics (Torresi et al., 2011). The firttps about foam visual aspect examination, the
second part concerns wine visual aspect and theb plart analyzes both olfactory defects and
aromas. The last section of the guide is for giv&atvaluation, C@perception, sparkling
wines acidity and sweetness are part of it. Hardgerecard for sparkling wines tasting
subdivides flavorings into four categories: primagoyefermentatives, secondary and tertiary.
Primary aromas derive from the grape, mainly pregseryoung products. Pre-fermentative
aromas, that may have a positive influence on wunaity (such as cold maceration aromas),
or negative effects due to an erroneous grape gsoug after harvesting. Secondary aromas,
instead, originate from both first fermentation a®tondary fermentation in the bottle, they

are mainly affected by must and base wine qudktynentation temperature and yeast strain.
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Finally, tertiary aromas arise from wine maturinglees and develop also by yeast cells lysis,
after long ageing as a consequence of low moleawtgght intracellular compounds release

(Ubigli, 2004; Parodi, 2002).

2.1.6 Improvements in sparkling wines production

The modern technologies for the production of sipagkwine are very different from the one
developed by Abbot Dom Pierre Pérignon in the 1d@htury. The wine history in fact,
encompasses several millennia of craftsmanshipiramm/ation. In ancient times, wine was
considered as a magical, spontaneous gift of nafooe this reason, the application of
biotechnologies to grape and wine represents deciga to tradition and a balance should be
found between technological innovations and winangakraditions (Pretorius and Hgj,
2005). In the last few years, there have been derable developments in wine-making
techniques affecting all stages of wine productioat more importantly, the fermentation
process (Kourkoutas et al., 2010). Over the yeaise-making technology has experienced
significant progresses, that have led to a larg@fsgood quality products. Among the wide
range of biotechnological applications availableme of them have been particularly useful
for the improvement of wine quality; selected ysasinmobilised yeasts and enzymatic
treatments have been particularly important foramiaking technology and also in sparkling
wines production. Even if the principles of oengldtave been established over the course of
several centuries of rigorous and methodical oladEm, the production of quality wine has
mostly benefited, in the last quarter of a centdigm research developments. In this area,
biotechnological knowledge may well become more @ede important, not only as regards
the microorganisms involved in the fermentationcess but also because of the use of
enzymes in pressing grapes, prefermentation treasnand refinement of the wines (Torresi

et al., 2011).
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Over the years, researchers addressed their studyd the selection of yeasts strains able to
withstand the typical adverse conditions of in-leotermentations. Even if the history of wine
yeast starts with the first civilisations, the femtation of must was not understood until
1863. In that year Louis Pasteur showed that andivinicroorganism, the yeast, was
responsible for the biotransformation of the sygasent in the must into ethanol and,CO
Although many genera and species of yeasts aredfomn the musts, the genus
Saccharomyces and mainly the speciesS. cerevisiae is responsible for this
biotransformation. For this reaso8, cerevisiags the preferred strain for wines alcoholic
fermentation (Kirtadze and Nutsubidze, 2009) andraterred to as “the wine yeast”
(Pretorius, 2000; Pérez-Ortin et al., 2002).

However, in the past, must fermentation happenegurg chance, it was very difficult to
control the factors involved in yeasts growth beeaiihere was scarce knowledge about them.
Over the years, a deeper understanding of yeashstwas reached and a selection strategy
started to be adopted in order to obtain a widegeganf suitable strains for different
winemaking technologies and products, capable distanding the adverse conditions that
may occur during fermentation. This is especiatlyetfor sparkling wine production, for
which the secondary fermentation occurs in veryi@aar conditions for yeasts. Base wine
presents a high alcohol content (about 10% v/vileurthese conditions, onl§y. cerevisiae
(but not all strains) can grow and ferment. Feragon temperatures are quite low (12-18
°C) and slow down yeast activity, even if this iseful for sparkling wines quality
improvement. A slow fermentation rate allows toambta better foam and a good bouquet.
SO, amount is generally quite low, moreover, mosttagiin the combined form and can’t
exhibit an inhibitory effect. Carbon dioxide, whicls produced during secondary
fermentation, has no negative effects on fermesmatn fact, yeasts can tolerate more than a

4 atm pressure, even if their activity is quitenstd down, mainly at low pH and high alcohol
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content conditions (Zambonelli, 2006c; Ribéreau-@agt al., 2004). However, even if in-
bottle conditions are not excellent for yeasts,c@dyquality base wine, a careful strain
selection and a controlled temperature are req@nésngood enough to guarantee a correct
refermentation process. In order to avoid unpleadaawbacks during fermentation, in recent
years, the use of selected autochthonous yeastgycsecondary fermentation has become a
common practice (Martinez- Rodriguez et al., 200kd)as been stated that the yeast strain
used for refermentation plays an important rol¢hie ageing process and it affects the final
composition of sparkling wines. This is also duethe fact that refermentation occurs in
sealed bottles with no compounds dissipation. M&nycerevisiaestrains produce good
quality sparkling wines but with different charactécs, the strain could affect sparkling
wine quality such as the grape variety, in factnegyeast strain are so flavouring that it is
possible to obtain a good quality sparkling winenirnon-aromatic base wines. Likewise, a
sparkling wine produced using a flavouring yeasl an aromatic base wine might be too
fragrant (Zambonelli, 2006c). Yeasts that carry setondary fermentation must satisfy a
series of additional characteristics compared tse¢hused in the first fermentation of base
wine production. Besides being resistant to ethattoty must have high flocculation
capacity, in order to facilitate their eliminatidrom the bottle (Bidan et al., 1986; Bartra,
1995). Flocculation is a distinctive yeast featooasisting in cells aptitude to form compact
lumps which form a deposit in the bottle. This @uderistic is a frequently occurring trait in
S. cerevisiadSuzzi et al., 1984; Castellari et al., 1994).eAfshaking, large flocs resuspend
but they heavily precipitate and form a sedimerg.régards the importance of flocculation
during disgorging, many studies have been carrigdower the years in order to understand
its mechanism and effects (Bayly et al., 2005; &est al., 2006; Zambonelli, 2006a). In food
and biotechnological industries, where fermentatbeours and cell reactors are employed,

suspended cells must normally be separated fromntédia prior to further processing.
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Beverage alcohol production is a typical exampleéhig process (Jin and Speers, 1999). In
flocculent yeast strains, cells separate from esbRr after budding and subsequently form
large flocs that rapidly sediment. Flocculatioraisery important characteristic, especially in
sparkling wine production by the traditional methodeast flocs, indeed, do not cause
turbidity and form a deposit that rapidly accumesain thebidule thus facilitating disgorging
(Zambonelli, 2006a). Coloretti et al. (2006), obtd interspecific hybrids from flocculest
cerevisiaeand nonflocculen®. uvarum(S. bayanus var. uvarymhese yeasts are flocculent
to a higher degree and have the capacity to reagbod fermentation rate at both low and
high temperatures. If employed for the productioh sparkling wines by bottle re-
fermentation, they form a deposit that fragments ilarge flocs which rapidly sediment
without causing turbidity. Certain genes involvedflocculation are extremely variable and
cause frequent changes in the flocculation prafilesome strains. In the future, genetic
modification may offer a valuable method to impraongerfect flocculation profile of some
sparkling wine strains (Pozo-Bayon et al., 2009).

Because of autolysis importance during sparklingesi ageing, many studies have been
directed to select autolytic strains for secondBaymentations, this aspect will be best
described below (Paragraph 3.3).

Moreover, in order to obtain efficient biocataly$ts sparkling wines produced by in-bottle
fermentation, the use of immobilised yeasts has eteoduced. In the traditional sparkling
wines production, lees removal is a very laborastee and time-consuming process and the
use of immobilised yeasts has been investigatemtdar to reduce and simplify the riddling
and disgorging procedures. Yeasts immobilisatiomsists in the introduction into the bottle
of a certain amount of beads containing yeast ¢€ilgure 2). While the cells grow, they
remain trapped into the beads and wine clarityresg@rved (Zambonelli, 2006b). The first

applications of immobilised yeasts for industrialrposes have been performed in k-
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carrageenine by Wada et al. (1979) and in sodigimate by Veliky and Williams (1981).
Bidan et al. (1980), in France, have been the fosbbtain a patent for the production of
sparkling wines using immobilised yeasts (Martyreakd Gracheva, 2003). Over the years,
immobilised yeasts have been frequently used inrkBpg wines production, the first
applications have been reported by Fumi et al. {1,9Bumi et al. (1988) and Fumi et al.
(1994). Immobilisation supports suitable for then&viindustry must have additional
prerequisites such as food-grade purity, low cabtindance, non-degradable nature and
suitability for low-temperature fermentation. Altngh many immobilisation supports have
been suggested for winemaking applications, theistical use of this technology is still
uncertain (Kourkoutas et al., 2004). Among the irbitigation techniques available,
occlusion in polysaccharide gels such as agamatigiand carrageenan is the most important
and widely used. Yokotsuka et al. (1997), used tgeasmobilised in double-layer gel beads
for bottle-fermentation, beads were easily insemngd the bottles and simply removed with
the ice plug during disgorging.

When a bottle containing immobilised yeasts is itaa the beads quickly settle into the neck
and they can be easily removed. Moreover, Yokotaika. (1997) found that this technique
allows to obtain sparkling wines similar, in tasted bouquet, to those made by using free
yeasts. Divies et al. (1994), showed that the Gisemobilised yeast cells for the production
of sparkling wine could greatly simplify the proced of ‘remuagé The compared
metabolism of entrapped and free cells during ttdefermentation shows some differences,
but the final products do not reveal significanhsw®y disparity. Efremenko et al. (2005),
determined cell growth conditions in order to eesyeast biomass accumulation for the
further development of an efficient biocatalyst &parkling wines production, poly(vinyl
alcohol) cryogel (PVA C) was used in order to emtyaast cells. The cultivation conditions

used for biomass accumulation before its immolibsacould affect the biocatalyst features
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and, thereby, the characteristics of sparkling vgreduction. Even if the use of immobilised
yeasts in the classic technology of sparkling wipesduction my allows to reduce and
simplify the procedure afemuage some drawbacks occur. Indeed, sparkling wineuizatly
loses transparency because of the release of geléstfrom the carrier matrix. Godia et al.,
(1991) used both yeast cells immobilised in singalkeium alginate beads and supports with
an external layer free of cells around them, ineortd reduce cells release from the carrier
matrix. They found that externally coated beadsvalio obtain, at the end of the process, a
wine free of cells. Organoleptic characteristicgevi both cases improved compared to the
traditional method. Martynenko et al. (2004), studia process consisting in the use of
Champagneyeasts immobilised by inclusion into cryogels olywinyl alcohol. Cells were
also treated with the auto regulatory facterthus preventing cells release from the carrier
matrix. Furthermore, in order to avoid cells disgegafrom the support, the market also
provides selected yeasts confined by micro-fikmatmembrane like “Millispark™ cartridge,
which was developed by Millipore (Billerica, Mashasetts, USA for the production of
bottle-fermented sparkling wines (Ramon-Portugaklet 2003). This technique presents,
nonetheless, different disadvantages like massfeatimitation (Lebeau et al., 1998) and
possible membrane biofouling caused by cells grq@ityta, 2002; Kourkoutas et al., 2005).
Even if, in experimental conditions, immobilisedagés have been widely used for sparkling

wines production, their application in oenologipe&actices is still unfrequent.
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Figure 2 Scheme of the process for preparing bottled spagkhine by traditional
method and by immobilised yeast (Colagrande etL@b4)
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2.2 Yeast autolysis in sparkling wines

2.2.1 Yeast autolysis

The term autolysis was introduced by Salkowsky8@35L(Farrer, 1956). It can be defined as
the hydrolysis of biopolymers under the action ofdrolytic enzymes which release
cytoplasmic (peptides, amino acids, fatty acids awodleotides) and cell wall (glucans,
mannoproteins) compounds into the wine (Alexandie Guilloux-Benatier, 2006). Generally
autolysis occurs when sugars and other nutriemseghausted, in this starvation conditions
yeasts use their own nutrients reserve, consunmytgpgen and other compounds. When also
these internal store is depleted, autolysis be@osinew, 1998).

The autolysis process consists of five stageseaarted in Figure 3. In the first phase, yeast
cell membranous systems break up and hydrolytioyrapzare released. After enzymes
activation, the enzymatic degradation of cells ttunents leads to th@ccumulation of
degradations product. Yeast cell wall becomes rporeus and the autolytic products come
out of the cell (Charpentier and Feuillat, 1993)eTcompounds released in the medium have
a low molecular weight and are biologically inaeti@ambonelli et al., 2000). This process
has several implications in winemaking. It occutging storage of wine on lees and is
associated with cell death releasing into the wjeast constituents that strongly influence
wine sensory properties. Moreover, it has a unigignificance during sparkling wine
production by the classic method (Charpentier asdlat, 1993). During a prolonged ageing
in contact with lees, a typical step in the sparkiwine production by the traditional mehod,
yeast autolysis occurs and organoleptic and foanprgperties are modified, reflecting

changes in the wine composition (Alexandre and|@uilBenatiey 2006).
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Figure 3 Stages of the autolysis process (Charpentier andllge 1993)
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However, yeasts autolysis is a slow process lastorg a few months to years and depending
on various factors such as temperature, nutriealadulity, grape variety, or the yeast strain
used (Nunez et al., 2005).

The cell wall ofS. cerevisiags the main cell structure involved in the aut@yprocess
(Figure 4). It is made of mannoproteins crossediles of glucan and chitin (Pretorius,
2000). Glucans frons. cerevisiaeare mainlyp3-D-1,3-linked glucose units witf-D-1,6-
linked lateral glucose chains. Some brancfed6-glucans with som@-1,3-links are also

present (Manners et al., 1973a; Manners et al.3dQB-Glucanases, classified as endo- and
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exo-glucanases, hydrolyse tfieO-glycosidic linkage off3-glucan chains, leading to the
release of glucose and oligosaccharides (Dubouetial, 1981).

During autolysis, the cell wall is so gradually cedpd due to the breakage of these glucan
and chitin fibres caused by endogenous enzymesdimg) glucanases (which are present in
the cell wall for up to 4 months after the yeastsath) and mannosidases (Charpentier and

Freyssinet, 1989).

Figure 4 Scheme of yeast cell wall
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The autolysis process involves yeast cells durppaylding wines maturation on lees and it
results in the release of several autolytic prosluttiese compounds are both cytoplasmic
(peptides, amino acids, fatty acids and nucleofided parietal (glucans, mannoproteins) and
they have a positive effect on the quality of thenaa, flavor, and foam of the wine
(Charpentier and Feuillat, 1993; Alexandre and IGuxd-Benatier, 2006; Martinez-Rodriguez
and Polo, 2000).

In Figure 5, cells morphological changes are diggda At the end of secondary fermentation,
cells show an elliptical shape and the cell wapegrs thick and smooth, inside the cell, a big

vacuole is surrounded by numerous spherical bofkegure 5a). Between three and six
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months after the beginning of th Figure 5 Schematic representation of
biochemical and morphological changes during

autolysis process, cell and vacuole ¢ yeast cell autolysis in sparkling wines. At the end
of the refementation process (a), between three

smaller in size and spherical bodies ¢ and six months of ageing (b), between nine and

twelve months of ageing (c). Alexandre and
uniformly distributed inside the vacuole Guilloux-Benatier (2006

on the cell wall surface, ridges and folds «——Amino acids

Cell weall

appear (Figure 5b). Between nine an
Mucleus
twelve months instead, the cell collapse 1

Wacuale
and is smaller in size. The cell wall
remains unbroken, but many wrinkles
appear on the external surface
moreover, cell lost most of its cytoplasm
(Figure 5c).

During the autolysis process, alsc
biochemical changes occurs. At the
beginning of the process, a passiv
diffusion of amino acids occurs.

Afterwards, sparkling wine enriches of

amino acids from proteins and peptide:

Ribonuclectide

hydrolysis and a polysaccharides
increase derived from yeast cell wall is generd#yected. Plasma membrane is degraded and
also lipids are released in the sparkling wine.wBein nine and twelve months after the
beginning of the autolysis process, amino acidsceotration decrease and proteins and
peptides are released. Cell wall polysaccharidigsgisl and ribonucleotides increase too

(Alexandre and Guilloux-Benatier, 2006).
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Several research groups addressed their studyddivarelationships between yeast autolysis
and autophagy (Andrés-Lacueva et al., 1997; Ceatoodlieal., 2005; Cebollero and Gonzalez,
2006). Autophagy is a catabolic process omnipreseneukaryotic cells that involves
cytoplasm degradation in the vacuole or lysosomeelu This degrading process seems to be
essential for cells adaptation to external andrinatiestress factors (Cebollero and Gonzalez,
2007). For the yeastaccharomyces cerevisia@, starvation conditions, the mechanism of
autophagy is activated and generates an interr@l gdonutrients in order to allow survival
during prolonged nutrition deficient conditions.daokaryotic cells, like yeasts, the beginning
of autophagy induces the transport of cytoplasmo ithe vacuole, mediated by
autophagosomes: double-membrane bounded vesidesp#agosome, enclosing a portion
of cytosol, fuses its outer membrane with the vésueleasing the internal vesicle named the
autophagic body into the lumen. This autophagicyba finally degraded by resident
hydrolases (Takeshige et al., 1992). This processsential for yeasts to withstand to adverse
stressful conditions such as sparkling wines ageigying this starvation situation, the
dissolution of intracellular organelles occurs,dieg to the release of hydrolytic enzymes
from the vacuole into the cytoplasm. Many studiesehbeen made in order to establish
autophagy implications in the autolysis process amany advances have been made
(Paragraph 3.3). The selection of secondary feratient strains defective or over expressing

autophagy may be an interesting tool to enhanc&lgpgwines quality.

2.2.2 Autolytic products and their effects on spagkwines quality

Yeast autolysis in sparkling wine production hagrbéhe subject of many studies. In the
research work carried out over the years, two amires have been followed: the study of
structural and ultrastructural changes of yeads akiring autolysis (Martinez-Rodriguez et

al., 2001b) and the analysis of the different produetsased into the medium during the
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process, following the change in nitrogen compoupdfysaccharides, glycoproteins, nucleic

acids, lipids and other macromolecules (MartinedfiRyuez and Polo, 2000; Martinez-

Rodriguez et al., 2002; Nunez et al., 2005; MartiRedriguez and Pueyo, 2009) (Table 1).

Table 1 Yeast autolysis compounds affecting sparkling sviqnelity

Autolysis compounds ~ Origin ~ Main characteristics affected Average amount (mg T
by autolysis compounds
Nitrogen compounds  Yeast cell Organoleptic characteristics, Proteins: 5-10 (Liger-Belair, 2005)
Proteins, Peptides, content Foam quality (Martinez-
Amino acids Rodriguez et al.,2003) Peptides (lle—Arg, Arg-lle, lle-Val, Tyr—
Lys) : <10 ( De Person et a2004)
Amino acids: 0,8-2 (Liger-Belair, 2005)
Polysaccharides: Yeast cell Mouthfeel, Yeast flocculation, ~ 200
Mannoproteins wall, Foam quality, (Liger-Belair, 2005)
grapes  Wine stability (Alexandre,and
Guilloux-Benatier, 2006,
Caridi, 2006)
Lipids and their Yeast cell Foam quality, ~10
derivatives: content Flavour (Alexandre and (Liger-Belair, 2005)
Fatty acids, Esters, Guilloux-Benatier, 2006)
Ketones, aldehydes
Nucleic acids: Yeast cell Mouthfeel, Flavour 5-UMP = 1.5
5-UMP content (Charpentier et al., 2005) 5-AMP = 0,2
5'-AMP 5'-GMP = 0,06
5-GMP (Charpentier et al., 2005)
Volatile compounds: Yeast Aromatic quality Volatile organic compounds (VOC)
Esters, Terpenic Cell ~ 700 (Liger-Belair, 2005)

alcohols, Higher
alcohols, Aldehydes

Among them, nitrogen compounds have been considerdze the best markers of yeast

proteolytic activity (Fornairon-Bonnefond et alQ@; Martinez-Rodriguez and Pueyo, 2009).

Even if proteins are minor constituents of winetlyreatly contribute to the quality of the

product, in fact, they are responsible for the dpd sensation, they can bind volatile

compounds retaining wine aroma and also have aiymeiffect on foam stability (Brissonnet
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and Maujean, 1991; Luguera et al., 1998). Protesesn to be foam active substances because
of their surface properties, they act as tensoaatmmpounds and enhance foam stability
(Garcia et al., 2009). During wine ageing on lg@®teins decrease is observed, because
proteases activity and the resulting hydrolysitoter molecular weight compounds. For this
reason, sparkling wines present a lower proteimgect then base wines from which they
originate. Among the different types of proteasesoived, protease A is the main enzyme
responsible for this process. Recently, Alexandral.e(2001), found that this enzyme was
responsible for 60% of the nitrogen released dusmglysis in wine, but they also found that
the correlation between protease A, cell deathaandlysis was unclear. As a consequence of
proteins degradation, peptides concentration isereand then they are hydrolyzed to free
amino acids.

During the ageing of sparkling wine over lees, Meaz-Rodriguez et al. (2002), established
that the yeast strain used for refermentation @rfaes the content of free amino acids and
peptides. They also detected four main stageseragieing of wines with yeasts: in the first
one, amino acids and proteins diminish and peptdeseleased; in the second stage, there is
a release of nitrogen compounds used as nutrientthé viable cells which in this stage
coexist with dead cells. An intracellular proteas#ivity is also detected and proteins are
degraded to peptides which then are hydrolysednio@acids. In the third stage, no viable
cells are present and proteins and peptides aeasal due to the enzymatic activity still
present in wine. The last phase occurs after aboOtdays aftetirage and authors found a
decrease of amino acids in some of the wines studie

Even if peptides and amino acids are generallyidernsd as the most important compounds
released during autolysis, yeasts can liberate @mtids into the wine even before the
process begins. This is due to a cell responsbdatress caused by starvation conditions,

however, this phenomenon shouldn’t be mistakera@olysis, which starts later (after three-
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nine months). The beginning of autolysis mainlyeategs on both wine composition and yeast
strain. It has been stated that during sparklingeiageing, total amino acids increase before
free amino acids content. This demonstrates thatiges are first released and then
hydrolyzed to lower molecular weight compounds. &m-Arribaset al. (1996), studied
nitrogen fractions evolution during ageing of argpag wine made through the traditional
method. Between three and nine months aiitege, authors did not found differences in free
amino acids concentration. After nine months ofiragenstead, this concentration was
increased, demonstrating the beginning of the gsibrocess. By studying peptides amino
acidic composition of sparkling wines, serine ahdeonine are the most abundant. This
demonstrates that sparkling wines peptides are Iynderived from yeast autolysis, since
these amino acids are involved in glycosidic lirkagetween cell wall proteins and mannans
(Klis et al.,2002). Peptides derived from the autolysis proceamly originate from yeasts
and their molecular weight tends to decrease dutitgy ageing time. Sparkling wines
enrichment in peptides may have a positive infleenn its organoleptic characterstics.
Peptides in fact are precursors of some aromatiecules deriving from deamination and
decarboxylation reactions (Feuillat and CharpenfiéB2). Even if peptides are considered to
account for the majority of the compounds releah#ihg the autolysis process, they are less
investigated than other nitrogen compounds, mdielyause of the problems related to their
isolation and characterisation in wines (MorenoH#as et al., 2002).

Moreno-Arribas et al. (2002) found that the finahcentration of peptides in sparkling wines
can be influenced by different factors such as satpre, ageing time, yeast strain etc. Pozo-
Bayon et al. (2009), also reported that during tingt stages of the autolysis process,
hydrophobic high molecular weight peptides are asdel, these compounds are then
hydrolysed thus producing hydrophobic low moleculaight compounds and free amino

acids. Low molecular weight peptides have importanttional properties in wines, such as
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tensoactive, bioactive, antioxidant, antimicrolsial antihypertensive properties they are also
a good source of nutrients for yeasts and bacteiay a role in foam stability and are
involved in sensorial properties (Pozo-Bayon et 2009; Desportes et al., 2000). Alcaide-
Hidalgo et al. (2007), established that peptiddeaseed byS. cerevisiaeEC1118 during
autolysis in model wine could present a multifuocdl activity.

As previously mentioned, during autolysis in spadkiwines, glucanases and proteases allow
the release of polysaccharides, macromolecules Iynaiontaining mannose (43%) and
glucose (31%). During autolysis in fact, enzymaittivities make the cell wall less rigid and
cause the breakdown of glucans and the releasellofvall mannoproteins (Babayan and
Bezrukov, 1985; Feuillat, 1998; Feuillat, 2003; daeret al., 1990), which have been
particularly studied in recent years for their reting properties (Martinez-Rodriguez and
Pueyo, 2009). Mannoproteins are glycoproteins &xtat the outermost layer of the yeast cell
wall, where they are connected to a matrix of armogs 3-1,3-glucan by covalent bonds
(Klis et al., 2002). When found in wine, they exast polysaccharide and protein moieties.
Polysaccharides are among the most studied awagthpounds derived from yeasts. These
compounds differenziate from grape polysaccharimisause they are mainly composed by
mannose and glucose, instead of arabinose (MaiRoeriguez and Polo, 2000). The
mannose/glucose ratio increase during autolysis, @nsequence of mannoproteins derived
from glucans degradation. The activity of proteames glucanases during yeast lysis in fact,
lead to the hydrolysis of glucans with the consetjuecrease of parietal mannoproteins in
sparkling wines. Among the various wine glycopnosgeiyeast mannoproteins have been
widely investigated, because of their interestimgpprties. These compounds may have
utility in bottle fermentation of sparkling winegduillat, 2003), because they contribute to
the flocculation of yeast strains (Caridi, 2006jsKét al., 2002). Moreover, Nunez et al.

(2006), found a relationship between mannoprotaing foaming properties of sparkling
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wines. Mannoproteins also play an important roleantrolling cell wall’s porosity, thereby
regulating leakage of proteins from the periplasspace and entrance of macromolecules
from the environment (Caridi, 2006). The increapedosity of the cell wall facilitates the
release of autolytic products towards the extrat@llenvironment (Charpentier and Feuillat,
1993). However, the production and release of maroteins into the wine depends both on
the yeast strain (Pérez-Serradilla and Luque dé&r@;&@008) and the autolysis process which
is very slow and may take several months. It has lzéso observed that the concentration of
polysaccharides containing mannose and glucosesarses three to four times during
sparkling wines ageing on lees. Charpentier (2008dcted an increase in polysaccharides
concentration from 366 ¢ lin base wine to 602 ¢ lin the obtained sparkling wine, after nine
months of contact with lees.

Also lipids are among the components released bgtgeduring autolysis. Even if they are
present in small amount, they can have an impontal& in the sensorial character of
sparkling wines. In fact, the release of fatty aaduld produce volatile components with low
sensory thresholds, either directly or throughwdgives such as esters, ketones and aldehydes
(Charpentier and Feuillat, 1993; Martinez-Rodrigaezl Pueyo, 2009). During ageing in
contact with lees, indeed, lipids content increasekqualitative changes occur, depending on
the ageing time. However, the results of studietherinteraction between lipids and foaming
properties are contradictory. Gallart et al. (2008ported a negative influence of fatty acids
C8, C18 and C10 on foamability, whereas the ethtdrs of hexanoic, octanoic and decanoic
acids were positively related to this parameterujéian et al. (1990), reported a negative
effect on foam stability after adding octanoic asetanoic acid, instead, no effects were
found on this parameter by Dussaud et al. (1994).

The concentration of nucleic acids is also modifieding autolysis. In general, their content

tend to decrease and the rate of this depletiorerdép on the yeast strain used during
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secondary fermentation (Hernawan and Fleet, 19983. probably explains results variability
among different studies. In fact, some authors doaircomplete DNA degradation (Houg and
Maddox, 1970), while Trevelyan (1978) and Zhao a&fdet (2003), detected no DNA
reductions or just a partial decrease. Since thdetecy to form DNA-proteins complexes is
known, this may protect the nucleic acid from DNAastivity during autolysis (Hernawan
and Fleet, 1995). However, DNA degradation depesiseveral enzymatic activities and
lead to oligonucleotide, nucleotide and nucleosiégradation products.

Also RNA is degraded during autolysis, even if Iéementation temperatures and high
ethanol concentrations (typical of sparkling winejuld slow down the process. Zhao and
Fleet (2005) reported that RNA degradation playewrole in yeast autolysis, this reaction
leads to the release of 2’, 3" and 5’ ribonucleesid Recently, Charpentier et al. (2005)
recognised 5-UMP (uridine-5-monophosphate), 5’-Bguanosine 'smonophosphate) and
5-IMP (inosine-5'-monophosphate) @hampagneaged over lees. Even if these compounds
are well recognised as flavor compounds, furthadist are required to establish their impact
on the sensorial properties of sparkling wines {Maz- Rodriguez and Pueyo, 2009).

Finally, many volatile compounds are released onéa during autolysis, some of them with
low sensory threshold. The most represented faimithe esters one; when autolysis starts,
short-chain (g-C4) and medium-chain ¢3C,2) acyl esters, with typical fruity aromas appear
and subsequently diminish. Also long-chain acyteshave been detected in sparkling wines.
Many authors related the quality of sparkling winethe concentration of these substances
such as isoamyl-caproate, octyl-acetate, phenytettstate, ethyl-linoleate (Pueyo et al.,
1995; Pozo-Baydn et al., 2003). Terpenic alcohntsEgher alcohols are also formed during
yeast autolysis, among these, geranmiterpineol, citronellol and farnesol have been

identified, their sensory threshold is between é@D0pg . Moreover, a rapid formation of
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isoamyl alcohol and 2-phenylethanol (rose scemns)been observed in model wine (Chung,
1986; Alexandre and Guilloux-Benatier, 2006).

Moreover, aldehydes have been detected, among Bwemethylbutanal is the most abundant
(40% of total), this compound derives from the ation of isoamyl alcohol. Some aldehydes
have a negative influence on sparkling wine quddégause of their grassy odour, but most of
them fortunately disappear during ageing (Chung86)9 Francioli et al., (2003),
characterised some volatile compounds releasedhgluhe autolysis process and which
should be potentially useful as age markers. Migs®, TDN (1,1,6-trimethyl-1,2-
dihydronaphthalene) and diethylsuccinate may helgiscriminate between old and young

sparkling wines.

2.2.3 Yeast lysis enhancement

During a prolonged ageing in contact with lees,sygautolysis takes place. This process is
characterized by the hydrolysis of intracellulangmlymers by endogenous yeast enzymes,
resulting in the release of several intracelluanpounds like amino acids, peptides, proteins,
polysaccharides, nucleic acid derivatives and $ifitat have a positive effect on sparkling
wine characteristics and affect its sensory qua(tjartinez-Rodriguez et al., 2001b;
Martinez-Rodriguez et al., 2001c; Alexandre andl@ui-Benatier, 2006). However, yeasts
autolysis is a slow process lasting from a few msrib years, depending on various factors
such as temperature, nutrient availability, grapeety, or the yeast strain used (Nunez et al.,
2005). For years on end, two methods have beetablato accelerate the autolytic process
during sparkling wine production: by adding yeasiodysates to the wine and by increasing
the ageing temperature (Charpentier and Feuill@3)19However, both techniques caused
organoleptic defects in the final product, oftersa@éed as toasty. Over the years, many

studies aimed at obtaining yeast autolysis impram@nihave been carried out in order to
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avoid these drawbacks. Many researchers addrebsédstudies toward the selection of
autolytic yeast strains for secondary in-bottlerfentations (Gonzalez et al. 2003, Martinez-
Rodriguez et al. 2001a, Todd et al. 2000). Withaime to improve sparkling wines quality,
Tini et al., (1995) used autolytic strains derivedough meiosis from an industrial second
fermentation yeast. Tabera et al. (2006), applied deletion of the BCY1 gene trying to
obtain autolytic yeast strains to accelerate spagkhines ageing. As a means of speeding up
the onset of autolysis, Todd et al. (2000), suggksd use interactions between two killer
strains ofS. cerevisiaeand two sensitive strains &. cerevisiaeln their study, authors
showed that it is possible to exploit the deaththed sensitive strain for the purpose of
promoting yeast autolysis. In order to obtain seeoy fermentation strains with improved
autolytic capacity, Gonzalez et al. (2003), usezkl@ction method based on a temperature-
sensitive autolytic phenotype. They gain a secanmthéntationS. cerevisiag/east strain by
UV mutagenesis, the mutations affected cell morpingl growth kinetics, sporulation and the
release of nitrogenous compounds in an acceleratedlysis experimental model. UV
mutagenesis can also be used to obtain thermasenaittolytic mutants altered in cell wall
integrity that increases the release of cell wallygaccharides during alcoholic fermentation
(Giovani and Rosi, 2007). Martinez-Rodriguez etf(2004), also used autolytic wine yeasts
obtained by UV mutagenesis, and reported the oeosaer of morphological changes and the
presence of autophagic bodies. They found a relship between autophagy and autolysis for
wine yeasts that may be an important tool to sategies aimed at the genetic improvement
of wine yeasts. Delving into selection of yeastistidefective in autophagy or overexpressing
this characteristic may contribute to increase thede set of selected yeast available for
secondary fermentation processes (Torresi et@l1)

Moreover, since mannoproteins are among the maompounds released by yeasts during

autolysis, and their positive effect on sparklinges quality has been widely described (Klis
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et al., 2002; Feuillat, 2003; Caridi, 2006), searghfor strains that could release great
quantity of these compounds is today an interessingtegy to improve sparkling wine’s
quality. For exampleS$. cerevisiad=C1118, a widely used secondary fermentationrsthes
been genetically modified in order to obtain a istrahich overproduces mannoproteins
(Gonzalez-Ramos et al., 2008).

Moreover, in recent years, the use of enzymatiatriments to enhance yeast lysis has been
studied in wine (Paragraph 4.2). These enzymagparations mainly contaff—glucanases,
able to hydrolyze yeast cell wall glucans. Enzymetsvities allow to facilitate the release of

parietal and cytoplasmic compounds with provedot$fen sparkling wines characteristics.

2.3 Yeast lysis enhancement bfy—glucanase oenological preparations

2.3.1 Enzymes in winemaking

Winemaking is a biotechnological process where gresyplay a fundamental role and the
use of exogenous enzymatic preparations may coitdrlo overcome problems related to the
insufficient activity of endogenous enzymes (Cadengle et al.,1994). From pre-fermentation,
to fermentation, post-fermentation and ageing, emesy catalyze various biotransformation
reactions. Most of these biological catalysts oxge from the grape indigenous microflora or
from yeasts and bacteria present during winemaldihgnbert-Goffard et al., 2004). Many

sensorially-active constituents of wine are affdctat different stages of winemaking, by
biochemical transformations catalysed by specifizcyenes. In addition, their participation in

juice clarification, colour extraction and proteitabilization is fundamental for the efficiency

of these technological steps during winemaking idugl 2009).
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Numerous biochemical transformations, such as grppenolics oxidation, volatile
compounds formation, wine clarification, colour raxtion and protein stabilisation are
catalysed by different enzymes from different seardGrape berries and wine yeasts are the
major sources of enzymes; however, typical winemgkionditions such as high sugars and
ethanol concentration, low pH and high polyphenmsitent can potentially inhibit their
activity. Because of this, endogenous enzymes apeayryeasts and other microorganisms
usually present in must and wine are often unablsufficiently catalyse the different bio-
transformations that occur during winemaking. Fbese reasons, reactions are often
incomplete and a significant portion of substra@ains untransformed. Since many of these
reactions are beneficial for wine quality, enzymactivities may be enhanced by the use of
exogenous enzymatic preparations exhibiting higifecacy under winemaking conditions.
Their use has been introduced in order to obtandésired level of substrate transformation
(Ugliano, 2009). In the 70’s, the first enzymaticeparation was marketed in order to
facilitate the hydrolysis of must pectic substandststhat time, enzymatic treatments were
mainly used in order to improve must clarificatiand grape pressing. Since the 80’s,
enzymes have been applied also for colour extmactavomas release and filterability
enhancement.

Enzymatic preparations for oenological applicatians commonly obtained by fermentation
of selected culture of fungi lik&spergillus nigeror Trichoderma harzianumby extraction
from bacterial cultures such dsactobacillus fermentunor from egg white (lysozyme).
Microorganisms are cultured on different substrgfesatoes starch, soy flours etc.). After
fermentation, recovery and purification are carriedt and finally, the preparation is
standardized in order to maintain its charactesstinaltered over the years. Enzymatic
preparations are generally composed of a mix ofediht enzymes like pectin-lyases,

pectinesterases, polygalacturonases and cellul@sbsrwise, it is possible to obtain a pure
43



culture, but genetically modified microorganisme aeeded. Nonetheless, the product must
be as pure as possible, in order to ensure thetetaess of the treatment.

Enzymatic preparations manufacturers operate withénlaws in force in each country in
order to avoid risks for the consumers and safeftiaeir healthcare. All the commercial
enzymatic preparations used in winemaking must d¢pmpith the specifications
recommended by Joint FAO/WHO (Food and Agricultudeganization/World Health
Organization) Expert Committee on Food AdditiveSGFA) and by Food Chemicals Codex
(FCC) for food enzymes. The method applied to pcedenzymatic preparations for wines
produced in the European Union is also regulatedhbyOrganization Internationale de la
Vigne et du Vin, OI(Resolution Oeno 14/2003, amended by ResolutiomoC65/2009),
(Whitehurst and Van Oort 2009). Producers who esd enzymatic preparations during

winemaking and who export wines to the EU, aregaalito use enzymes that comply with

these prerequisites (Lourens and Pellerin Qoame EC Regulation 1332/2008 (partially

amended by EC Regulation 1130/2011), provides thlesrfor the use of enzymatic
preparations in food industry. For oenological &gtlons, the EC Regulations 1493/1999,
423/2008 and 606/2009 establish rules for the couse of enzymes in winemaking.
Exogenous enzymes in winemaking are useful to ingrdarification and the release of
varietal compounds, to reduce the formation of letlaypbamate and to lower alcohol levels
(Van Rensburg and Pretorius 2000). Another imporaplication concerns the improvement
of the yeast lysis process by breaking the gluaash éhitine fibers of the cell wall, this
operation may contributes to enhance the releas#ratellular and parietal compounds from
yeast cells thus improving the quality of wines apdrkling wines aged on legsglucanases
are among the different enzymatic preparation cdyreavailable and suitable for sparkling

aged over lees (Paragraph 4.2).
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2.3.2p-glucanase oenological preparations

As previously described, ageing over lees is a vargortant step in sparkling wines
production by the traditional method, however, tleeurrence of the autolysis process may
takes from a few months to years, depending orouarfactors such as temperature, nutrient
availability, grape variety or the yeast straindigfunez et al., 2005). Over the years, the
winemaking industry has developed specific comnaéemzyme preparations with the aim of
accelerating autolysis in wines aged over leesceéSsexogenoug-glucanases may represent
an important tool to accelerate and intensify lyslis, these products are designed as a mix of
several enzymes likep-glucanases and pectinases that considerably Bserghe
polysaccharide concentration of both white and wedes (Pellerin and Tessarolo 2001,
Trione and Martinez 2001). Traditionall;glucanases have been used to improve the
filtration of wines obtained from grapes infectedhathe fungusBotrytis cinerea Glucans
secreted byotrytisinto the infected juice can cause blockages dfiitngtion.

The use ofp-glucanases to enhance yeast lysis instead, is 1@ mexent application
(Resolution oeno 18/2004) and may contributes toaeoe the release of intracellular and
parietal compounds from yeast cells thus improvimgquality of wines and sparkling wines
aged on lees.

As previously reported, iBaccharomyces cerevisjale cell wall makes up 15 to 30% of the
dry weight of the cell (Orlean 1997). The vyeastl c@hll is mainly composed of
mannoproteins and fibrogis1,3 glucan, branchegi1,6 glucan is also present and links other
components of the wall. A significant minor componeés chitin, which contributes to the
insolubility of the fibers. Th@-1,3 glucan-chitin complex is the major constituehithe inner
wall, while B-1,6 glucan connects the components of the innércarter layer of the wall. O
and N glycosylated mannoproteins are also locatethe outer surface of the wall. They are

densely packed and regulate the wall permeabdigotutes (Lipke and Ovalle 1998).
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The commerciaB-glucanase enzymesithorised for winemaking are synthesised by specie
of Trichoderma(e.g.T. harzianuny Enzyme Commission number 3.2.1.58 (Resolutiarooe
27/2004, OIV), growing under conditions that opsetheir production (Humbert-Goffard et
al., 2004). The activity of these enzymes determthe hydrolysis and solubility of complex
compounds, without involving the cell wall directlfPalomero et al.,, 2007). As a
consequence of this degradation, the cell wall besless rigid and polysaccharides are
released (Feuillat, 1998). Enzymatic activity caute breakdown of glucans and the release
of cell wall mannoproteins (Babayan and Bezruko®8%t Leroy, et al., 1990), showing
interesting properties such as the contributiogeast strains flocculation, the control of cell
wall porosity, thereby regulating leakage of progeirom the periplasmic space and entrance
of macromolecules from the environment (Klis et 2002; Feuillat, 2003; Caridi, 2006). As
main consequence of this enzymatic activity, treeaased cell wall porosity makes easy the
release of autolytic products to the extracellelavironment (Charpentier et al., 1993). Since
the production and release of mannoproteins depemdse yeast strain (Pérez-Serradilla and
Luque de Castro, 2008) and also on the autolysisgss, the addition of exogendtd.,3-
glucanases to wines stored on lees, may be atealido reduce sparkling wines production
times and costs.

In particular, the addition of exogenofsl,3-glucanases in wine aging over lees has been
recently studied by Palomero et al. (2007). Thegduthe enzymatic preparation Lallzyme
MMX® (Lallemand Inc., Canada) and studied polysaccharittlease in a model wine
system. The addition di-1,3-glucanases to the medium notably accelerdtedtocess of
autolysis, thus facilitating the release of polytwrides characterized by uniform-in-size
fragments smaller than those obtained with congeatiageing over lees. In particular, the
addition of exogenou$-1,3-glucanases highly reduces the time requiredtfe autolysis

process and enhances the release of polysacchamd@snoproteins and intracellular
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compounds that have a positive effect on wine gudhven if the enzymatic activities have
been the subject of several studies in wines, thgtications in the autolysis process have

been less investigated.
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3 AIMS AND SCOPE

Although the production of sparkling wines is lowaympared to that of still wines, the
economical impact of this product is very importhatause of its high added value. Because
of this, over the years, many attempts to simghify production process, reducing time and
costs and enhance the quality of this special \wange been done. Among the various factors
influencing sparkling wine characteristics, aut@yis one of the most studied. Through the
years, the use of exogenous enzymatic preparati@tdelerate this slow process has been
developed. Many studies are available about thetigeese enzymatic preparations for yeast
autolysis enhancement in red and white wines. Heweto our knowledge, there are no
research works about their application for spagklimines production by the traditional
method, moreover, any preliminary study of theseotmical preparations in synthetic
buffers is still available. The present work focsussn the preliminary study of Lallzyme
MMX ®, an enzymatic preparation containipiglucanase activity, and its further application
in sparkling wines production by the traditional thed. Enzyme activity was studied in
different buffers and in a model wine solution. pHd ethanol content effects, i.e the main
wine characteristics possibly affecting enzymevagti were also considered. In addition, the
interactions between the enzyme and two differeasy strains were verified. Finally, the
analysis of enzyme effects on yeasts morphologymiog properties, chemical composition

changing and sensory quality implications on thieioled sparkling wines was conducted.
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4 MATERIALS AND METHODS

4.1 Preliminary characterization of Lallzyme MMX® oenological preparation

4.1.1 Yeast stock solutions

Two different yeast strain§accharomyces cerevisiae bayaB@S10% (Fermentis, division
of S.I. Lesaffre, France) arBhccharomyces cerevisiae bayahas/in EC1118 (Lallemand
Inc., Canada) were used.

S. cerevisiae bayanuBCS10% was a strain selected in th@hampagneregion on
Chardonnayfor its excellent fermentation characteristics #isdgreat resistance to extreme
wine making conditions (information provided by thwnufacturer, Technical Data Sheet
OE_L_EN_BC S103 Rev: OCT2009%. cerevisiae bayanuEC1118& presents a strong
competitive character, the ability to ferment at/ lemperature, a good flocculation capacity
and an excellent alcohol tolerance (informationvted by the manufacturer, Technical Data
Sheet Lalvin). A fresh stock solution of each yeastl mg mf was daily prepared in

deionized water.

4.1.2 Enzyme stock solution

The commercial enzymatic preparation used for &peeiments was Lallzyme MM¥X
(Lallemand Inc., Canada). This preparation is consrally used to improve yeast autolysis
of wines on lees and contaifisglucanase, poly-galacturonase and pectinase sbircm
Trichoderma spp.and Aspergillus nigerin the following amounts: 90 glucanase U g
(International Unit;umol min® of substrate), 1840 poly-galacturonase ¥ §45 pectin-
esterase U § and 25 pectin-lyase U™g(Informations provided by the manufacturer)
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(Palomero et al. 2009). A stock solution of enzyaiel mg mif* was daily prepared in

deionized water.

4.1.3p-glucanase substrate stock solution

The selected substrate for enzymatic activity deftestions was LaminarifHumbert-
Goffard et al. 2004, Vazquez-Garcidueias et al819® is a linear glucose polysaccharide
made up off(1—3)-glucan with p(1—6)-linkages, with a(1—3):3(1—6) ratio of 3:1,
sourced from the brown aldaaminaria digitata(Sigma-Aldrich, Missouri, USA) (Figure 6).
A solution of Laminarin at 1 mg miwas freshly prepared in deionized water.

All chemicals came from Sigma-Aldrich, Missouri, A&nd were reagent grade.

Figure 6 Laminarin

OH

B-1,3 B-1,6

4.1.4 Enzymatic activity determination
The enzyme solution for all the experiments wa®,81 g I* in water, this concentration is,
generally, the same used by winemakers. Since #mairlarin substrate is a polysaccharide

having a variable molecular weight, the enzymatitivily was expressed as the amount of
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enzyme that release 1 md min” of glucose instead of International Unjinfol min® of
Laminarin) and substrate concentration as mgingtead of mM.

The enzymatic assays were performed incubating oatmr temperature the substrate
Laminarin (1 mg mt) and the enzyme at different pH values. Blank yssare performed to
take in account the residual glucose content ofiharm, yeasts and enzyme.

After 45 minutes of incubation, the reaction waspped by heat inactivation (100°C, 2
minutes), (Humbert-Goffard et al. 2004) and thecgbe released was determined after
centrifugation (14000 rpm for 3 minutes) throughe tlenzymatic test-combination D
glucose/D-fructose kit (R-Biopharm-Germany), foliog the manufacturer’s instructions.

The test is based on the following reactions:

HK
1) D-Glucose + ATP—>  G-6-P + ADP

s G-6-P-DH

2) G-6-P + NAD 5

D-gluconate-6-phosphate ADPH + H'
The amount of NADPH (Nicotinamide adenine dinud@®tphosphate) formed during the
reaction is stoichiometric to the amount of D-glseoNAPDH is measured by absorbance
increase at 340 nm by using a Perkin-Elmer Lamb8aU¥//VIS spectrophotometer
(Beaconsfield Buks B).
Enzyme activity (U mt) was then determined as described in the manuréats instructions
adequately modified as follows:
U ml™* = [AA / incubation time (minx 180,16(g mol*) x Final volume (ml)] / [6,3 (I mma!
cm™) x Sample Volume (ml)]
Were:

- AA was obtained by subtracting from each sampleabsarbance of the blank assays.

- 180,16(g mol) is the D-glucose molecular weight
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- 6,3 (Il mmol* cm™) is the extinction coefficient of NADPH at 340nm

Standard errors were reported as bars in figuras &D in tables.

4.1.5 Effect of pH on enzyme activity

The effect of different pH (from 2.60 to 7.00) dref-glucanase activity of Lallzyme MM¥X
with and without yeast cells (EC1118 or BCS103istjawas determined in Mcllvaine buffer
(Mcllvaine, 1921). This buffer solution was empldyier all the experiments, because of its
capacity to covea range of pH from 2.2 to 8.0, thus avoiding draskisecaused by the use of
different buffer solutions. Samples were preparettiplicate in Mcllvaine buffer at different
pH (2.60, 3.20, 4.00, 5.00, 6.00 and 7.00). Lanimand enzyme were incubated both in
absence (E) and in presence of EC11T8)(6r BCS103 (¥°9) strains, as reported in Table
2. Both yeasts were also incubated with substratthout enzyme, to detect their own
possiblep-glucanasic activity (E© and 15“9). Blank assays counting the residual glucose
content of Laminarin (S), yeasts{Yand ¥*°%) and enzymef), were also performed (Table

2). Enzyme activity was determined as above desdrib

Table 2 Samples outline for th@glucanase activity determination

TEC TBCS E LEC LBCS S YEC YBCS B

Buffer, ml 5,92 592 5,92 5092 5,92 5,92 592 592 592

EC1118
(1 mg mr?), ml
BCS103
(1 mg mr?), ml
Laminarin
(1 mg mr?), ml
LallzymeMMX ©
(1 mg mf?), ml

Deionized water, ml - --- 1,60 0,08 0,08 1,68 0,48 0,48 2,00

1,60 - - 160 - — 160 - -
160 - - 160 - 160 -
0,40 040 040 040 040 040 - - -

0,08 008 008 @ -- --- --- 0,08
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4.1.6 Effect of ethanol content on enzyme activity

The ethanol influence on enzyme activity was arelyf®r the enzymatic preparation both in
presence and in absence of yeasts (BCS103 andlBL11

Two different ethanol concentrations were seletbedhe experiment, 11,3 % v/v and 12,7 %
vlv, corresponding to those of a base wine andaakBpg wine respectively, which will be
further tested in experimental applications.

Samples were prepared as above described in Tablej@st replacing the Mcllvaine buffer
with the Tartaric one (0,1M at wine pH, 3.20) whichntained the suitable amounts of
ethanol. As control, an experiment without ethamat also performed. Enzyme activity was

determined as above described.

4.1.7 Enzyme kinetics and kinetic parameters debation

Enzyme kinetics were performed in Mcllvaine buiéthe optimum pH value, obtained from
the activity vs. pH curves. Lallzyme MMX solution (1 mg mt, 0,08 ml) and different
amounts (from 0 to 1 ml) of Laminarin 1 mg mlvere employed. Similar experiments were
prepared in presence of the two selected yeashstrall samples were prepared following
the same outline reported in Table 2. Enzyme dgtwas determined as above described.
Kinetic parameters were determined by the non timegression analysis of the Michaelis-
Menten kinetic equation using the software GraphPagm #£. The following kinetic
parameters were estimated:

Vmax Corresponding to the maximum velocity at which emzyme catalyzes a reaction,
expressed as mg imin™ of glucose.

Km: Representing the amount of substrate correspgndiz Vinax. This parameter reflects

the efficiency of the enzyme-substrate complex fdrom.
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A.S. (Specific Activity): Is the enzymatic activiper milligram of total proteins (expressed as
Mgiucose I MIN™ Mgyroreins’). Specific activity gives a measurement of theitguof the

enzyme.

4.1.8 Total proteins content determination

Total proteins content was determined in the LafleyMMX® enzymatic preparation by the
Bradford dye-binding assay (Bradford 1976). BSA\{iBe Serum Albumin) 2 mg riflwas
usedas standard to make the calibration curve (froma @ tmg mt) in Tartaric buffer at pH
3.20. 100ul of Lallzyme MMX® solution (1 mg nit) was introduced into a 4 ml Poly(methyl
methacrylate) (PMMA) couvette, then 3 ml of Bradfoeagent were added. After 45 minutes
of incubation, the absorbance was measured at B9fnboth calibration curve points and
samples. Total proteins content was determined dyparing the absorbances of the
calibration curve with those of the samples.

The Lallzyme MMX® preparation used for all experiments containe@blgs total proteins

and a Specific Activity of 0,107 rggeosel ™ MiN™ Mgyroteins -

4.2 Sparkling wines production by the traditional method

Sparkling wines were obtained with a base wine peced with Roscetto grapes. Roscetto is a
Latium autochthonous white grape variety belongingVerdicchio’s family and very
widespread in Montefiascone’s territory, near \bter(ltaly). Base wine was produced
following the classic white wine technology andrkiag wines were manufactured using the
traditional method. Base wine and sparkling winesdpction process was performed in the

Falesco winery in Montecchio (Terni province). Yiestsains EC1118 and BCS103 were used
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to prepare gied de cuvend then to inoculate the base wine. 80 bottle® weepared with
yeasts alone (40 for each strain), and 80 withzlyadle MMX® addition (40 for each strain).
Bottles were then stacked into caged bins, a veagessaving system (Figure 7a). The bins
were stored in a special place furnished for th#irsg of the sparkle. The bottle storage area
was cool and had minimum temperature fluctuationd eninimum lighting. Secondary
fermentation and ageing with yeasts were carriedabul4°C. CQ pressure increase was
monitored by aphrometers (Figure 7b), devices Blyitdesigned to measure the pressure
within a bottle of sparkling wine. Three bottles fach experiment (both in absence and in
presence of Lallzyme MMY) were fitted by aphrometers. Samples were takéh 4t 8 and

12 months aftetirage and all the analyses were performed in triplicatevacuum degassed

wine obtained by mixing the content of 2 bottleg(iFe 8).

Figure 7 Sparkling wine bottles placed into caged bins fghrometer on a sparkling
wine bottle (b)

Figure 8 Sparkling wine degassing by
vacuum pump
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4.3 Direct evaluation of yeast lysis

4.3.1 Scanning Electron Microscopy and Transmis&il@ctron Microscopy analyses

A direct estimation of yeast lysis was obtainedsparkling wine samples by SEM (Scanning
Electron Microscopy) and TEM (Transmission Electidicroscopy) observations of yeast
lees performed by the C.I.M.E. (Interdepartment@hi@® of Electron Microscopy, University
of Tuscia, Viterbo. Italy), at time O (immediatelfter the inoculum) and in sparkling wines at
4, 8 and 12 months aftérage. Vacuum degassed samples were centrifuged at Q@0
for 10 minutes. The pellet was collected and immedy prepared for SEM and TEM

observations. The method of Wright (2000) was deedamples preparation.

4.4 Indirect evaluation of yeast lysis

4.4.1 Free amino acids analysis

Free amino acids analysis was performed on base avid on sparkling wine samples at 4, 8
and 12 months aftdirage by the Laboratory of Proteomics and Mass Spectignad the
University of Tuscia (Viterbo, Italy). Samples pagation was performed using extra sep C18
columns (Lida Manufacturing Corp., 25th Avenue, B&ima, W1 53143-6615, USA) for solid
phase extraction, the obtained samples were detegldeand then resuspended into solvent A
(0.1% formic acid in water). An Ultimate 3000 rapidsolution fast HPLC system (LC
Packings, DIONEX, Sunnyvale, USA) was used to perfanetabolite separation. The
system featured a binary pump and vacuum degasstplate autosampler with a six-port
micro-switching valve and a thermostated column gamment. A Dionex Acclaim RSLC
120 C18 column 2.1mmx150mm, 218 was used to separate the extracted metabolites.
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LC parameters: injection volume, 80 column temperature, 30 °C; flow rate, 0.2 ml thin
The LC solvent gradient and timetable were idehticaing the whole period of the analysis.
A 0-95% linear gradient of solvent A (0.1% formicichin water) to B (0.1% formic acid in
acetonitrile) was employed over 15 minutes, folldwsy a solvent B hold of 2 minutes,
returning to 100% A in 2 minutes and a 6-minutest{tione solvent A hold. Metabolites were
directly eluted into a High Capacity ion Trap HCupl(Bruker-Daltonik, Bremen, Germany).
Mass spectra for metabolite extracted samples weqgired in negative ion mode. ESI
capillary voltage was set at 3000V (-) ion modee Tiquid nebulizer was set to 30 psig and

the nitrogen drying gas was set to a flow rate bfrén™.

4.4.2 Total proteins content determination

Total proteins content was determined on base waitkeon sparkling wine samples at 4, 8
and 12 months afteirage by the Bradford method (Bradford, 1976) using BeviSerum
Albumine (BSA) 2 mg mt as standard to make the calibration curve. i06f vacuum
degassed sparkling wine was introduced into a 4Poil{/(methyl methacrylate) (PMMA)
couvette, then 3 ml of Bradford reagent were adddter 45 minutes of incubation, the
absorbance was measured at 595 nm for both cabibratirve’s points and samples. Total
proteins content was determined by comparing tlserdlances of the calibration curve with

those of the samples.

4.4.3 Foaming properties
Foaming properties were evaluated both in basesaamel in sparkling wine samples at 4, 8
and 12 months aftetirage in order to study the effect @-glucanase addition and the

differences between the selected yeast strainsmFoharacteristics were determined
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following the method of Pueyo et al. (1995) suiyabiodified, by measuring foam height
(cm) and foam stability time (s).

The equipment was composed by a graduated glassleyl(530x15mm) (Steroglass S.r.l.,
San Martino in Campo, Perugia), with a glass fuitthe bottom of the column (pore size
10um). The column was attached to the mass flow mater controller EL-Flow select,
model F201CV-200-AGD-33-Z-MFC (Bronkhorst hi-tec¢kgurlo, Netherlands) connected to
a CQfitting. Instrument control and COlux setting was obtained by the Software Flow-Bus
vs. 4.6 provided by Bronkhorst hi-tech (Figure 9).

Before each measurement, the glass cylinder wasatety washed three times with 10 ml of
95% ethanol, three times with 10 ml of Milli-Q watend finally with 50 ml of sample. Into
the glass cylinder, 10 ml of degassed sparklingewims introduced and then a 75 ml thof
CO, flux was introduced into the column through thesgl frit. Two parameters were
measured:

8§ Foam height, i.e. the maximum height (cm) reachgdhe foam column into the glass
cylinder after CQinjection and reflecting wine capacity to form fioa

8§ Foam stability time, i.e. the time (seconds) stapbefore all the bubbles disappear after

CO; flux interruption.
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Figure 9 Equipment for foaming properties analysis. a) Graigd glass cylinder;
b) Personal Computer; c) Gas flow meter and coterol

a)

Glass-Frit s—

4.4.4 Sensory analysis

A panel of 10 judges with experience in tastingklpag wines conducted sensory analysis of
samples 12 months aftéirage using the tasting card proposed by Hardy (1986,7498
1987b, 1988), suitably modified. Statistical anelysf the obtained data was performed by

the non-parametric Quade test (Ubigli, 2009).
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4.5 Statistical analyses

For the preliminary characterization of Lallzyme MM preparation, kinetic parameters
standard errors were determined by the non linegression analysis of the Michaelis-
Menten kinetic equation using the software GraphPagm #£. Standard errors were
reported as bars in figures or as SD in tables.

For sparkling wines instead, a PCA (Principal Conmgra Analysis) bi-plot was performed to
determine samples distribution using the software Unscramblét, considering free amino
acids and total proteins as variables.

For sensory analysis, statistical analysis of th&ioed data was performed by the non-

parametric Quade test (Ubigli, 2009).
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5 RESULTS AND DISCUSSION

5.1Preliminary characterization of Lallzyme MMX ® oenological preparation

5.1.1 Effect of pH on enzyme activity

In order to promote wine enrichment in yeast patgbarides, it is possible to use specific
enzymatic preparations mainly containing pectoldmd B-glucanasic activities. Pectinases
partially hydrolyse grape polysaccharides, wifilglucanases cause the hydrolyses of both
Botrytis cinereaand yeast cell wall polysaccharides. The hydrslgdiyeast polysaccharides
gives rise to the release of parietal macromolecsleh as mannoproteirfsglucanase is a
natural enzyme also produced by different yeastirsty such aSaccharomyces cerevisjae
the activity of this enzyme varies during the kifgcle of cells, but it has been detected during
yeast autolysis. For this reason, the additioff-glucanases to the wine just intensifies a pre-
existing enzymatic activity, responsible of yeastodysis, a slow process that may take
several months to occur. The addition of exogenpiis3-glucanases reduces the time
required for the autolysis process and enhanceetbase of polysaccharides, mannoproteins
and intracellular compounds that have a positifecebn wine quality.

The effect of the addition of these enzymatic prafians on wine quality has been scarcely
investigated; moreover, a preliminary study of émymatic preparation Lallzyme MMX
and its effect on different secondary fermentaty@ast strains is not currently available.
Considering its further applications in sparklingne production, in this study, pH influence
on B-glucanase activity was evaluated and the lyticvéigtat wine pH of two yeast strains
was also determined. In TablefBglucanase activity vs pH is reported for LallzyM#1X ©,
both in absence (E) and in presence of EC11£8)@nd BCS103 () yeast strains. The
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optimum pH value is 5.00, both in absence (Figw&) land in presence (Figure 10b, 10c) of

yeasts.

Figure 10 g-glucanase activity (mg'Imiri* of glucose) vs. pldetermined orE: Lallzyme
MMX® alone (a); T in presence of EC1118 yeast strain (b) arftf>Tin presence of
BCS103 yeast strain (c)
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In addition, a higher activity was detected atpll values in presence of yeast strains; in
particular an increase of 34 and 30% fdi” and T°° respectively was detected at the

optimum pH (Table 3).

Table 3 Activity (mg 1 min™ of glucose) at different pH gkglucanase in presence and in
absence of yeast strains

pH aE bEC cyBCS Relative activity (%)
dE dTEC dTBCS e(TEC VS E) f(TBCS VS E)

2.6 0,043 0,007 0,053 + 0,005 0,046 + 0,002 27 25 21 123 108

3.2 0,106 £+ 0,002 0,153 + 0,002 0,147 £ 0,001 66 71 70 144 138
4.0 0,153 +0,007 0,183 + 0,003 0,193 + 0,004 96 85 93 120 126

5.0 0,1605 £0,0002 0,215 + 0,003 0,209 + 0,004 100 100 100 134 130
6.0 0,117 £0,004 0,116 + 0,004 0,1151 +0,0003 73 545 5 99 98

7.0 0,043+0,001 0,051 + 0,002 0,048 + 0,002 27 24 23 119 111

denzymatic preparation alone

Penzymatic preparation plus EC1118 yeast strain

‘enzymatic preparation plus BCS103 yeast strain

Relative activity of E, ¥ and °® samples compared to those at the optimum pH value

®Relative activity of F¢sample compared to E sample

'Relative activity of FSsample compared to E sample
At wine pH (3.20) the relative activity respectth@ optimum was 66, 71 and 70% for ET
and T°° respectively, indicating that even if wine pH istrthe optimum value fop-
glucanase, the residual activity was useful for thger's purposes. Moreover, the
enhancement of activity due to yeasts presenceatvast 10% higher at wine pH than at the
optimum (Table 3). These results show the effentgs of the enzymatic preparation in yeast
lysis enhancement, in particular for EC1118 str#at leads to a consistent release of the

yeast intracellular enzyme or a more efficient ggls, slightly evident at pH 3.20 than 5.00.

No activity was detected in the control samplestaioing yeasts and substrate without
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Lallzyme MMX® (YE® and Y?“9), thus demonstrating that the increase of theviactioticed

is due to the Lallzyme MMX B-glucanase hydrolysis of yeast cell wall.

5.1.2 Enzyme kinetics

The data obtained up till now showed taglucanase is able to hydrolyse the cell wall of
both yeast strains tested, and is particularlywaatin yeast EC1118. In order to evaluate at
best the efficacy of the enzyme preparation isuldefdetermine kinetic parameters both in
presence and in absence of yeast strains. Theikioetves obtained always showed an
hyperbolic trend, for this reason the elaboratiaas werformed using the Michaelis-Menten
equation. No enzymatic activity was detected in @am containing yeasts and substrate,
without enzyme (¥© and Y*©9).

The activity rate was higher for samples with yeamtall substrate concentrations (Figures
11, 12). Vhax Values demonstrated an increase in product retessén presence of yeasts, as
indicated by the Max (Table 4), even if no differences were detectesveen F° and P°,
The efficacy of EC1118 strain was indicated hyuJalue (Table 4), which was significantly
lower than BCS103 one and similar to those of theyme alone (E), indicating a better

enzyme-substrate complex formation.
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Figure 11 g-glucanase activity vs. Substrate concentratioft pf allzyme MMX alone
(A) and T, in presence of EC1118 yeas) {n Mcllvaine buffer, pH 5.00
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Figure 12 g-glucanase activity vs. Substrate concentratiof pf.allzyme MMX alone (A)
and TS in presence of BCS103 yeas} in Mcllvaine buffer, pH 5.00
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Table 4 Kinetic parameters determined on E: Lallzyme Midone; T in presence of
EC1118 yeast strain anc®S® in presence of BCS103 yeast strain

Kinetic parameters E T=C TBCS
AYmax 0,181 = 0,003 0,244 £ 0,007 0,259 £ 0,010
Ok 0,134 £ 0,008 0,148 £ 0,013 0,257 £ 0,024

?mg I min™ of glucose
®mg mif*

5.1.3 Effect of ethanol content on enzyme activity

It is common knowledge that ethanol may be a coitiyetinhibitor for many proteolytic
enzymes, such as bromelain (Esti et al. 2011).réthafluence has just been assessed also
on the activity of the enzymatic preparation ViowilG (Laffort Oenologie, Bordeaux Cedex,
France), a pectinase afdjlucanase blend particularly active in promoting tlegradation of
pectic substances and the hydrolysig-giucans (Zinnai et al. 2010). The authors obseeved
decrease in activity of 50% in a model wine solitemntaining 13% v/v of ethanol. Since
wine ethanol content generally varies between 1d BP6 v/v, an increasing knowledge
about ethanol inhibitory effect on oenological emzyic preparations activity is useful.
Therefore, the effect of two different ethanol cemications (11,3 and 12,7 % V/v),
corresponding to those of a base wine and a spgruline respectively, was tested in tartaric
buffer, which is the most similar to real wines. Kignificant differences were detected in
tartaric buffer compared to the Mcllvaine buffeipat 3.20, as reported in Table 5.
Experimental findings showed in Table 6 demonsttiaé ethanol addition inhibited enzyme
activity and that the decrease slightly dependsiupe tested ethanol concentrations both in

absence and in presence of yeasts. In presenceast gtrains a positive effect on enzyme
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activity is also observed (70 and 68% in presenmue @2% in absence of yeasts). No
significant differences were detected betweenwuestrains tested.

Strain EC1118 showed a linear decrease of actimitgresence of ethanol and thus, it was
possible to extrapolate the E50, i.e. the 50% okimam activity, corresponding to an
ethanol concentration of 20% v/v, a higher valuantthose generally present in wines. For
samples E and®f°instead, the decrease in enzyme activity is na@ality dependent from

tested ethanol concentrations, but a similar EB0evean be extrapolated (Figure 13).

Table 5 p-glucanase activity at pH 3.20 in Mcllvaine andTiartaric buffer

Tartaric
Samples Mcllvaine buffer Tartaric buffer Vs
Mcllvaine (%)
E 0,106 + 0,002 0,117 + 0,002 110
TEC 0,153 + 0,002 0,172 + 0,002 112
L 0,147 + 0,001 0,156 + 0,001 107
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Table 6 Effect of different ethanol concentrations on Lytte MMX activity at pH 3.20

Samples Ethanol Enzyme a_ctivi_ty Relative activity
(% viv)  (glucose, mgT min-1) (%)
e 0 0,117 + 0,002 100
E 11.30 0,072 + 0,004 62
E 12.70 0,072 + 0,002 62
byEC 0 0.172 +0.002 100
TEC 11.30 0.122 +0.017 71
TEC 12.70 0.118 + 0.005 69
°TBCS 0 0,156 + 0,001 100
TBCS 11.30 0,107 + 0,003 68
TBCS 12.70 0,107 + 0,002 68

denzymatic preparation alone
Penzymatic preparation plus EC1118 yeast strain
‘enzymatic preparation plus BCS103 yeast strain

Figure 13 Relative activity vs. ethanol concentration detewdi for E: Lallzyme
MMX® alone; T in presence of EC1118 yeast strain antf*Tin presence of
BCS103 yeast strain
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5.2 Sparkling wines production by the traditional nethod

All sparkling wines produced by the traditional hmed completed the secondary fermentation
in 42 days, as indicated by internal bottle pressuonitoring. In all thesis, as reported in
Figure 14, secondary fermentation started latersfiarkling wines produced with EC1118,
both in absence and in presence of Lallzyme MMMowever bottle pressure constantly
increased for all thesis, more rapidly for EC111@is both in absence and in presence of
Lallzyme MMX®, even if at the end of the process, all thesis thadsame pressure value.
Roscetto base wine contained 11.3 % v/v of alcotbiile the obtained sparkling wines

reached an alcohol content of 12.7 % v/v.

Figure 14 Internal sparkling wine bottles pressure (bar),asered by aphrometers
during secondary fermentation
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5.3 Direct evaluation of yeast lysis

5.3.1 Scanning Electron Microscopy and Transmis&i@ttron Microscopy analyses

The observation of yeast cells in sparkling winksass to detect structural and ultrastructural
changes occurring during ageing over lees. Mangiestuaimed at analyzing the products
released during autolysis are available, while &tmtion has been paid to this aspect.

In Figure 15 yeast cells images show that 4 moatisr tirage an internal cytoplasmic
disorganization was present, as shown by TEM imégesire 15b) for EC1118 and BCS103
both in absence and in presence of Lallzyme MM¥spect to time O (Figure 15a). SEM
images instead showed no differences 4 months tftage respect to time 0. As above
mentioned in fact, cell lysis is a slow procesgeesally in the restrictive conditions in which
secondary fermentations occur. In presence of ymiez MMX®, for both strains, no
differences were still detectable.

After 8 months of ageing, the cytoplasmic disorgation was more evident and cell wall
started to be collapsed in presence of Lallzyme MMEigures 16a, 16b). SEM images
showed a slight row cells surface, indicating tlegibning of the autolysis process for both
yeasts, cells lysis was mildly more evident in &pag wines produced with Lallzyme MMX
addition.

After 12 months of ageing in sparkling wines, yeeslls were collapsed, explaining the
smaller size than time 0, both in presence andnalesefp-glucanase, as shown by SEM
images in Figures 17a and 17b. SEM observatiorsatest a rough cells surface, the cell wall
was unbroken, but presented many ridges or fold¢h In presence and in absence of
Lallzyme MMX®, indicating the cell lysis.

TEM observations showed, at 12 months, a clearptasonic wrinkling and a membrane

detachment from cell wall for both yeasts.
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Figure 15 TEM and SEM images of BCS103 and EC1118 yeastatelisie 0 (a);
TEM and SEM images of yeast cells in sparklingewid months after tirage, in
absence (EC1118 and BCS103) and in presence (EG@RdRBic.; BCS1035
gluc.) of Lallzyme MMX (b)

(@) EC1118 EC1118 EC1118-gluc. (b)

inaw  we.

BCS103 BCS103 BCS103-B-gluc.

Figure 16 TEM and SEM images of BCS103 and EC1118 yeastatdiisie 0 (a);
TEM and SEM images of yeast cells in sparklingewiB months after tirage, in
absence (EC1118 and BCS103) and in presence (E@Rdlic.; BCS1034
gluc.) of Lallzyme MMX (b)

(a) EC1118 EC1118 EC11188-gluc. (b)

BCS103 BCS103 BCS103-B-gluc.
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Figure 17 TEM and SEM images of BCS103 and EC1118 yeastatetiime 0 (a);
TEM and SEM images of yeast cells in sparklingewih2 months after tirage, in
absence (EC1118 and BCS103) and in presence (E@RdRic.; BCS1034
gluc.) of Lallzyme MMX (b)

(a) EC1118 EC1118 EC11188-gluc. (b)

]

BCS103 BCS103 BCS103-B-gluc.

5.4 Indirect evaluation of yeast lysis

5.4.1 Free amino acids analysis

During autolysis in sparkling wines, free aminodsccontent varies a lot. During the ageing of
sparkling wine over lees, Martinez-Rodriguez e{2002), found that the yeast strain used for
refermentation influenced the content of free amaeals and peptides. They also detected
four main stages in the ageing of wines with yeastshe first one, amino acids and proteins
diminish and peptides are released; in the secdades there is a release of nitrogen
compounds used as nutrients for the viable celistwim this stage coexist with dead cells. An
intracellular protease activity is also detected proteins are degraded to peptides which then
are hydrolyzed to amino acids. In the third stageyiable cells are present and proteins and
peptides are released, this is due to the enzyraetieity still present in wine. The last phase

occurs after about 270 days afteage, authors found a decrease of amino acids in sdme o
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the wines studied. A similar trend was observethenfree amino acids content of the studied
sparkling wines.

In Table 7, free amino acidic composition of baseenand sparkling wines after 4, 8 and 12
months of ageing is reported. The most abundamaicid in base wine (time 0) was lysine
(7,84 mmol 1), which made up 74% of total free amino acidsjofeéd by Gaba \
aminobutyric acid), 7% and methionine (4%). 4 merdftertirage, a decrease in amino acids
sum was detected, probably due to their assimildiiothe yeasts for the synthesis of proteins
and for their accumulation as a reserve in vacudlee most evident decrease was for lysine
(that is no more present), serine, alanine, aspaathreonine, methionine and leucine. 8
months aftertirage instead, an increase in amino acids sum was eetdot all samples,
indicating that autolysis started.

The increase was particularly manifest for EC11tt&8irs and slightly greater in presence of

Lallzyme MMX® for both yeasts.
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Table 7 Free amino acids content in base wine and sparkiimges after 4, 8 and 12
months of ageing

Base Wine Sparkling wines

AA. EC1118 EC1118 +B-gluc. BCS103 BCS103 +3-gluc.

Months 0 4 8 12 4 8 12 4 8 12 4 8 12
Lys 784 000 224 136 000 225 000 0,00 0,00 0,00,000 0,00 2254
Ser 0,06 000 003 003 002 004 003 000 004 000000 000 0,04
Pro 0,0 016 007 003 0,12 o000 0,10 003 0,17 009,200 0,22 0,00
Cys 005 060 000 o000 004 003 003 o001 003 005040 004 0,03

Gaba 076 075 015 o000 o072 08 08 059 000 002650 070 0,8
Ala 0,37 006 055 042 006 005 006 003 006 000050 006 0,05
Gly o,07r 061 004 003 002 004 004 032 003 060550 064 0,04
Asn 0,22 008 000 009 000 000 o000 o001 o000 001010 000 0,00
GIn 0,00 000 003 003 003 004 0,04 003 004 000000 0,03 0,04
Hys 0,03 005 041 0,22 040 045 047 003 047 0,05050 0,06 0,42
Thr 0,38 002 008 004 o008 010 0,09 003 009 003020 0,02 0,08
Arg 005 030 034 021 1028 03 03 020 033 030250 0,30 0,33
Val 0,00 000 004 003 042 046 044 021 062 042400 042 0,39
Met 0,40 000 003 002 o002 003 0,04 003 003 003020 002 0,03
Leu 021 021 009 006 006 008 0,22 007 022 020,170 0,19 0,09
Phe 0,02 002 0,211 o000 000 000 000 0,00 0,00 001000 0,00 0,00
lle 000 005 001 o001 005 006 006 004 004 000050 006 0,06
Tyr 0,03 004 004 003 000 o000 0,00 000 000 003030 000 0,00
Trp 001 010 001 o000 0,09 0212 0,22 0,08 0,12 0,11,080 0,94 0,11
Asp 0,04 002 008 005 054 056 054 o031 072 033500 052 0,58
Glu 001 001 004 004 004 005 005 004 005 001010 004 0,05

dsum 10,6 3,11 2454 1493 3,00 2583 353 207 31230 3,11 429 2574

# = Free amino acids st

As an autolysis consequence, a great release ioklyan essential amino acid) was detected
for EC1118 both in presence and in absence of eezamd after 12 months for BCS10-+
gluc. At 12 months of ageing, a decrease of amitidsawas detected, probably due to
deamination or decarboxylation reactions or toredtmation, except for BCS103[*+gluc.,
were autolysis started later than all other samplesndicated by high lysine content.

Gaba y-aminobutyric acid), that is not a constituent aftpins, was released by both yeasts in
presence of Lallzyme MMX during autolysis (Figure 18). In fact, is reportétht S.
cerevisiaecan utilise Gaba as carbon source, so it builds dipe intracellular pool during the

first months of fermentation (Martinez-Rodriguez akt, 2001a) and is released into the
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extracellular environment during autolysis. Thes¢addemonstrate that autolysis occurred 8

months aftetirage, even if each free amino acid showed a differehiaviour.

Figure 19 Gaba (—aminobutyric acid) content in base wine and in &pbag wines 4, 8
and 12 months after tirage, both in absence angtésence of Lallzyme MMX

mmol 171

EC1118 EC1118+p3-gluc. BCS103 BCS103+B-gluc.

5.4.2 Total proteins content determination

Even if proteins are minor constituents of win@ticontribute to the quality of the product, in
fact, they are responsible for the “body” sensatitmey can blind volatile compounds
retaining wine aroma and also have a positive eftec foam stability (Brissonnet and
Maujean, 1991; Luguera et al., 1998). Proteins seebe foam active substances because of
their surface properties. They act as tensoactr@pounds and enhance foam stability
(Garcia et al., 2009).

During the autolysis process, proteases hydrolygastyproteins to lower molecular weight
compounds. Total proteins content was analysed th@Bradford method that quantify both

polypeptides with a molecular weight higher tha®@®a and proteins. Data (Figure 19),
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indicated a decrease for all samples, except f@BIX3, 4 months afteéirage, probably due to
proteins insolubilization because of alcohol cohtercrease. An increment was instead
observed between 8 and 12 months dftage with higher values for BCS103 strain, both in
absence and in presence of Lallzyme MXMXhis result indicated the occurrence of yeast
lysis between 8 and 12 months of ageing.

Figure 19 Total proteins of base wine (time 0) and sparkimges at 4, 8 and 12

months after tirage in absence (EC1118 and BCSa@d)in presence (EC111#*
gluc; BCS1034gluc) of Lallzyme MM
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Total proteins (mg ml™)

0,01

0

0 (Base Wine) 4 8 12
Months from tirage
——BCS103 —=— BCS103 + B-gluc. EC1118 —e— EC1118 + B-gluc.

5.4.3 Foaming properties

Base wine and sparkling wines foam height and l#talwas analysed during the whole
process. Foam height (Figure 20), decreased movdysfor EC1118 samples, but 12 months
aftertirage, all samples showed a similar result. The sameawebr was observed for foam
stability (Figure 21), indicating that autolysisdaprotein content had no influences on foam

quality.
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Figure 20 Foam height of base wine (time 0) and sparklingesiat 4, 8 and !
months after tirage in absence (EC1118 and BCSa08)in presence (EC111%
gluc; BCS103Agluc) of Lallzyme MMX
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Figure 21 Foam stability of base wine (time 0) and sparklimges at 4, 8 and 12
months after tirage in absence (EC1118 and BCS408)in presence (EC111#*
gluc; BCS1034gluc) of Lallzyme MMX
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To gain a greater knowledge, a PCA (Principal Conepd Analysis) was performed on 12
months samples (Figure 22). The first principal poment (48% of variance) was best
described by enzyme effect, indicating a similahawour for both yeasts in presence of
Lallzyme MMX®. The second principal component (41% of variarredted better to the
amino acidic pool that characterizes each lysedtysi@ain in absence of enzyme. Lysine,
alanine and asparagine seemed to be charactefstiE€1118 strain, whereas phenylalanine,
glycine and proline for BCS103. Gaba, as aboveatetl, was particularly affected by the
enzymatic treatment, also hystidine seemed to becpkrly influenced by the enzyme, such
as isoleucine and threonine. Since threonine andesare cell mannoproteins constituents
(Alexandre et al., 2006), threonine appearancedcailect yeast lysis, even if serine increase
was not particularly manifest.

Figure 22 Samples distribution 12 months after tirage accogdio the PCA (bi-plot)
considering free amino acids and total proteinyasables
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5.4.4 Sensory analysis
Sensory analysis performed on sparkling wines 12th®o aftertirage did not show

differences between samples, even if all sparkhimges were considered as good.
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6 CONCLUSIONS AND FUTURE PERSPECTIVES

This study focuses on the characterization of theymatic preparation Lallzyme MMX
containingp-glucanase for further applications in sparklingh@d production. The effect of
the B-glucanase activity on yeast lysis of two secondf@mynentation yeast strains was
investigated.Even if pH 3.20, the average value commonly foundwines, is not the
optimum pH for the enzymg-glucanase, it showed a satisfactory activity, wisdbr
oenological purposes.

Moreover, a lytic activity on yeast cell wall glutsawas pointed out. This was more clearly
evident for the strain EC1118, which confirmedaiggitude for sparkling wines production by
in bottle alcoholic fermentation and prolonged ageon lees; yeast strain BCS103 instead,
was less affected by the enzyme lytic action.

Ethanol inhibitory effect on enzyme activity wadetged, as already reported from Zinnai et
al. (2010), however, the lytic effect gtglucanase was not compromised and sufficient for
user’'s purposes.

Vmax Values showed that the maximum rate was highesdoples with yeast Efand ),
respect to that with enzyme alone (E), this effeaty be due to a consistent release of the
yeast intracellular enzyme or a more efficient dgdis. No significant differences were
detected between ¥ values of both strains in presence of Lallzyme MMXECand 7¢9).

km value indicated the efficacy of EC1118 strains tharameter for ¥ sample resulted to be
significantly lower than that of 3*° and similar to the experiment pfglucanase alone (E),
thus indicating a better enzyme substrate complexidtion.

All sparkling wines reached the desired pressuré emmpleted secondary fermentation
without drawbacks. However, secondary fermentatsbarted later for sparkling wines

produced with EC1118 strain, both in absence andpriesence of Lallzyme MMX
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Nevertheless, bottle pressure constantly incredseall thesis, more rapidly for EC1118
strain both in absence and in presence of LallziivwX ®, even if at the end of the process,
all thesis had the same pressure value.

Direct evaluation of yeast lysis by TEM and SEM etvations was useful to describe and
monitor yeast lysis during ageing. Free amino acmsent showed that autolysis occurred 8
months aftetirage for all sparkling wines, except for sparkling wipeoduced with BCS103
strain in presence of Lallzyme MM for this sample in fact, cell lysis occurred tatéree
amino acids content was also useful to show thecefif the enzymatic treatment on yeast
lysis, particularly manifested for some amino acslsch as Gaba, hystidine, threonine and
isoleucine 12 months aftérage.

Also total proteins content showed that autolysisuored already 8 months aft@age, even

if this parameter seemed to have no positive inftee on foaming properties, which
presented a decreasing trend during sparkling wawsng. Sensory analysis showed no
significant differences between samples even isp#lirkling wines were considered as good.
Future perspectives may look at increase knowledgeit enzyme inhibitors both in synthetic

buffers and in wine, aimed to better understangmezbehaviour in real wine.
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8 GLOSSARY

5-AMP - Ribonucleotide adenosinérmonophosphate

5’-GMP - Ribonucleotide guanosinémonophosphate

5'-IMP - Ribonucleotide inosinesnonophosphate

5’-UMP- Ribonucleotide uridine-5'-phosphate

Aphrometer A device used to measure the pressure within gebaitsparkling wine.

A.S.- (Specific Activity): Is the enzymatic activityep milligram of total proteins (expressed
as M@ucosel” MIN™ Mgyroteins’). Specific activity gives a measurement of theitguwof
the enzyme.

Autolysis -Enzymatic self-degradation of cells constituehisstcausing the release of many
parietal and cytoplasmic compounds with proved fiognand sensory properties.

Autophagy -Autophagy is a catabolic process omnipresent kamwtic cells that involves
cytoplasm degradation in the vacuole or lysosommeelu This degrading process
seems to be essential for cells adaptation to matand internal stress factors.

[glucanases EC number 3.2.1.58, The activity of these enzynegsrchine the hydrolysis
of glucans and the release of cell wall mannopngtewvithout involving the cell wall
directly. As a consequence of this degradation,cilewall becomes less rigid and
polysaccharides are released.

Base wine. This is the still wine used for secondary fernag¢ioh. Base wine should always
presents typical characteristics like moderate faltacontent, pale colour; fruity
aroma, low residual sugar content; low volatiledéagi and should usually have been
subjected to tartaric stabilization. Moreover, aeenient for base wines to show
quite higher total acidity.

Bidule - This is a hollow polyethylene cup usually 17mm & 44 mm high. lhelps the
disgorging process, prevents leakage and metahcioinom the crown cup.

BSA —BSA is a serum albumin protein derived from coWsis often used as a protein
concentration standard.

Disgorging or dégorgementThis procedure is performed by inserting theknefcthe bottle
in a solution which freezes the sediment trappeithé@bidule Bottles are then placed

neck-up, uncorked and the pressure within thedejdcts botlbiduleand ice plug.

93



Dosage solution or liqueur d’expéditierthis is a solution composed of wine, sugar, tyan
SO, citric acid, copper sulphate, with a differentnfmla for each firm, used to fill
sparkling wines bottle after disgorging.

EC number the Enzyme Commission number (EC number) is a nigaleclassification
scheme for enzymes, based on the chemical readtieyscatalyze. As a system of
enzyme nomenclature, every EC number is assocwteda recommended name for
the respective enzyme.

Enzymatic preparationr they are generally composed of a mix of difféerenzymes like
pectin-lyases, pectinesterases, polygalacturonases cellulases. Otherwise, it is
possible to obtain a pure culture. They are obthlmefermentation of selected culture
of fungi like Aspergillus nigeror Trichoderma harzianumnby extraction from bacterial
cultures such asactobacillus fermentunor from eggs’ white (lysozyme). Since
enzymes naturally present in wines are often unablesufficiently catalyse the
different bio-transformations occurring during winaking, exogenous enzymatic
preparations have been introduced.

Flocculation - this is a distinctive yeast feature consistingells aptitude to form compact
lumps which form a deposit in the bottle. This euderistic is a frequently occurring
trait in S. cerevisiae

HM (foamability)- this parameter (mm) represents the maximum heggtcthed by sparkling
wine foam 1 or 2 minutes after G@jection.

HS (Height stability) this foam parameter (mm) is obtained maintairthregsame conditions
of pressure and flow of GQin this circumstance, sparkling wine foam colkgps$o
stabilize at a level HS.

International Unit (U) - one U is defined as the amount of enzyme thélcaes the
conversion of 1 micro mole of substrate per min(@&8°C, pH value and substrate
concentration that yield the maximal substrate eosion rate).

Kwm.- representing the amount of substrate correspgridirtz Vlnax. This parameter reflects
the efficiency of the enzyme-substrate complex firom.

Laminarin - it is a storagg(1—3)-glucan (a polysaccharide of glucose) found & hown
algaLaminaria digitata

Mannoproteins glycoproteins located in the outermost layer of yeast cell wall, where
they are connected to a matrix of amorphptls 3-glucan by covalent bonds. When

found in wine, they exist as polysaccharide andgimamoieties.
94



Principal Component Analysis (PCA) this is a mathematical procedure that uses an
orthogonal transformation to convert a set of olm#wns of possibly correlated
variables into a set of values of linearly uncatedl variables called principal
components. The number of principal componentess than or equal to the number
of original variables.

Riddling or rémuage -during this phase of sparkling wines productionavgy slowly
conveys yeasts sediment into the neck of the hdtglitating the subsequent lees
removal.

Scanning Electron Microscopy (SEM3ample surface is scanned with a high-energy béam o
electrons in a raster scan pattern. The electmoiesaict with the atoms that compose
the sample and produce signals containing infolnatiabout the sample's surface
topography, composition, and other properties siscélectrical conductivity.

Sparkling wine- a sparkling wine is a special wine obtained I®geondary fermentation of a
still wine, called base wine. Depending on the patidn technology, they can be
classified into sparkling wines produced by tramhial in-bottle secondary
fermentation and sparkling wines produced by seagndfermentation in
hermetically-sealed tanks.

TDN - 1,1,6-trimethyl-1,2-dihydronaphthalene

Traditional method this method for sparkling wines production regsia second in-bottle
alcoholic fermentation of a base wine and a prodonggeing in contact with lees.
During this process, the characteristic endogen@@ is produced with the
consequent release of carbon dioxide when theehsttincorked.

Transmission Electron Microscopy (TEM)this microscopy technique consists in the
transmission of an electron beam through an ulim sample, the electron beam
interacts with the sample while passes throughhié formed image is then magnified
and focused onto an imaging device, on a layehotqgraphic film.

TS (Foam stability time) this foam parameter (s) represents the timesethpefore all
sparkling wine bubbles disappear after gas flugrmiption.

Vmax - corresponding to the maximum velocity at whiagh enzyme catalyzes a reaction,
expressed as mg imin™ of glucose.

Yeasts Immobilisation this techniqueconsists yeast cells occlusion in polysaccharide ge

such as agar, alginate and carrageenan. In sparidines production, a certain
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amount of immobilised yeasts is easily inserted ihte bottles and simply removed
with the ice plug during disgorging.
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APPENDIX

Lists of published papers and poster communications
1 S. Torresi, M.T. Frangipane, R. Massantini, A.M®arzillo (2012). Yeast lysis
during bottle-fermented sparkling wines ageing mesence of g3-glucanase
oenological preparation. Part 1—preliminary study peglucanase oenological
preparationSubmitted to Food Chemistry.
Abstract: This study focuses on a preliminary cbigzation of a commercial enzymatic
preparation Lallzyme MMX® containin@-glucanase, poly-galacturonase and pectinase
activities for further applications in sparklingneis production by the traditional method.
The effect of the3-glucanase activity of the Lallzyme MMX® preparation yeast lysis
enhancement of two different yeast strain, Sacchgces cerevisiae r.f. bayanus
BCS103® and Saccharomyces cerevisiae r.f. bayaauwslEC1118, was tested.
The pH effect on enzyme activity showed that thenopm pH value fo3-glucanase was
5.00; nevertheless, the residual activity at wikkip about 66%, which is sufficient for
the user’s purposes. A higher activity was detettgatesence of the EC1118 yeast strain,
thus showing the enzyme’s lytic activity on glucarisyeast cell wall. Ethanol influence
on enzyme activity was also tested at two ethanakentrations, 11,3 and 12,7% vl/v,
corresponding to those of a base wine and a spgrldine respectively. We detected a
slight inhibition effect, that did not compromisket lytic activity of beta-glucanase.
Kinetic parameters (kM and Vmax), obtained by a Mielis-Menten kinetic using
Laminarin as substrate, demonstrate that EC11a#hgtresents a more efficient enzyme
substrate complex formation than BCS103, becauss twwer kM value. Further studies
will assess enzyme lytic activity during inducedadysis in synthetic wine and during
sparkling wines production by the traditional metho
2 S. Torresi, M.T. Frangipane, M. Contini, A.M.V. Gdlo. Yeast lysis during
bottle-fermented sparkling wines ageing in presesfcap-glucanase oenological
preparation. Part 23-glucanase applications in sparkling wiseibmitted to Food
Chemistry.
Abstract: Sparkling wines are special wines produd®/ an in-bottle secondary
fermentation of a base wine followed by a longHagtageing in contact with lees. The
autolysis of yeasts takes place during ageing,aitisenzymatic self degradation of cell
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wall constituents and parietal and cytoplasmic poamds with a great influence on
sparkling wine’s quality are released.
This work dealt with the analysis of exogendiiglucanase addition effects on yeasts
morphology, foaming properties, chemical compositchanging and sensory quality
implications on sparkling wines
Scanning and transmission electron microscopy @hens were useful to describe yeast
lysis during ageing. Free amino acids content skioivat autolysis occurs 8 months after
tirage for all sparkling wines and also the effettenzymatic treatment on yeast lysis,
particularly manifested for some amino acids 12 tne@fter tirage. Total Proteins had no
positive influences on foaming properties. Sensanalysis showed no significant
differences between samples, but all sparkling svimere judged as good.

3 M. T. Frangipane, S. Torresi, D. De Santis, R. Ma#igi (2012). Effect of drying
process in chamber at controlled temperature orgthpe phenolic compounds.
Italian Journal of Food Sciencé4, pp.1-7.

Abstract: The aim of this paper was to study thenalic compounds evolution during

the off-vine drying process in chamber at conttblemperature and to assess whether

this dehydration technique might be used to avtsohg oxidations. Grapes were placed
in perforated plastic boxes inside a chamber; fa@® installed to ensure humidity and
temperature control. Phenolic compounds were cteiaed by HPLC. Dehydration was
fast and regular. This technique ensures phenaltegron, artificially dried grapes
maintained a higher phenolic concentration tharsehjast harvested. This grape drying
technique may ensure the production of sweet winesvhich phenols content is
preserved.

4 S. Torresi, M. T. Frangipane, G. Anelli (2011). &ichnologies in sparkling wine
production. Interesting approaches for quality ioy@ment: a ReviewFood
Chemistry 129 (3), pp. 1232-1241.

Abstract: Sparkling wines are produced by a seagnélrmentation of a base wine

followed by a prolonged ageing in contact with le&s the traditional method, the

refermentation takes place in the same bottle fmaniarket distribution. The autolysis of
yeasts occurs during the ageing of sparkling wittless causing the release of many
parietal and cytoplasmic compounds which have atgréluence on sparkling wine’s
quality. The modern technologies for the productidrsparkling wine are very different

from the one developed by Abbot Dom Pierre Périgmothe 17th century. Over the
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years, many advances have been made, this papeaaneviewing the recent knowledge

in the application of biotechnologies for the impement of sparkling wine’s quality, in

particular the factors affecting foaming propertieagd sensory qualities. Future
perspectives and trends are also considered.

5 Torresi S. (2011) Yeast lysis during bottle-ferneehsparkling wines ageing in
presence of &3-glucanase oenological preparatioAroceedings of the 16th
Workshop on the developments in the Italian PhDe&ef on Food Science
Technology and Biotechnolagyniversity of Milano e Piacenza, Lodi, 21-23
September, pp. 186-190.

Abstract: This PhD thesis dealt with the study east lysis in bottle-fermented sparkling
wines ageing in presence of [aglucanase oenological preparation. A preliminary
characterization of the enzymatic preparation intlsgtic buffers was performed. An
analysis of enzyme effects on yeasts morphologyamfog properties, chemical
composition changing and sensory quality implicadion the obtained sparkling wines
was also conducted.

6 Torresi S. (2010) Study of a beta-Glucanase préparan synthetic wine to
enhance yeast lysiBroceedings of the 15th Workshop on the develommerhe
Italian PhD Research on Food Science TechnologyBintechnology University
of Napoli | — Federico Il, Portici, 15-17 Septembgp. 301-302.

Abstract: In this paper, the first activity of tRéD Thesis project is reported. A kinetic

study of a beta-Glucanase preparation has beeructmttin synthetic wine in order to

assess its activity also in presence of Saccharesngerevisiae EC1118 yeast strain.

Moreover, ethanol and pH effects on enzyme activitye been determined.

7 Torresi S. (2009) Biotechnological application®ofiimize sparkling wine quality.
Proceedings of the 14th Workshop on the develogmentthe Italian PhD
Research on Food Science Technology and Bioteagydliniversity of Sassari,
16-18 september, pp. 448-449.

Abstract: This PhD thesis research project is tiedto improve the quality of a sparkling

wine produced by the classic method (Champenosiepiselected yeasts and enzymatic

preparations, in order to obtain a product in whicé autolysis process is favoured and

foaming and sensory properties are optimized.
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