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“Thought: Why does man kill? He kills for food.

And not only food: frequently there must be a beverage.”
(Woody Allen)
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Abstract

Thiol compounds carry out several activities in must and wine. Among them, our
attention was focused on the cysteinyl thiols (glutathione and free and protein bound
cysteine).

The glutathione (GSH) properties in oenological matrices are well known: it reduces
the o-quinones arising from the hydroxycinnamic acids esters, limiting the formation
of brown polymers. GSH can decrease the loss of thiol-related aromas and it prevents
the sotolon (3-hydroxy-4,5-dimethyl-2(5H)furanone) formation, the main responsible
of the atypical white wine ageing. The GSH constitutes the main thiol compound on
grape, in must and wine and its content is affected by the winemaking practices.

The cysteinyl residues on the yeast cell wall can limit the reduced/oxidized defects in
wine ageing as they occur when the ageing sur lies or the addition of commercial yeast
cell-wall fractions (YCWEF) are carried out. The addition of such adjuvants is allowed
by the European law (EU Regulation 2165/2005) and they exert several activities
improving the sensorial properties of wine. The evaluation of their cysteinyl thiols
level was the object of this research. The analytical approaches proposed in the
literature are hard-to-apply for the routine analysis since the thiols quantification of
YCWF was not reliable applying the methods described for the biological system
proteins.

The aims of this research were to set up and validate a sensitive and reliable analytical
method for the thiols content determination in the YCWE. The cysteinyl thiols content
of some commercial preparations and active dry yeast was assessed and it was
correlated to the heat damage occurring during the industrial preparation. The same
analytical approach was applied and validated to the quantification of GSH in grape
juice, must and wine. The winemaking practices affecting the GSH level were
evaluated in real processes both in vintage 2009 (8) and vintage 2010 (10). Finally, also
the oxidation rate in white wine was estimated through the evaluation of the
interactions between GSH, sulfur dioxide and phenols.

The analytical approach proposed was based on the reaction between the thiol and p-
benzoquinone (pBQ); the thio-substituted hydroquinones were separated by liquid
chromatography and detected by spectrophotometry. The pBQ was added in excess
and the unreacted amount was bound to an excess of 3-mercaptopropanoic acid. The
derivatization was fast, accurate and stoichiometric at room temperature.

The YCWF showed an heterogeneous thiols content; the lysate samples had the highest
thiols concentration, as well as the GSH which could have been added by the producer
to increase the antioxidant properties. The lowest amount of cysteinyl thiols was
detected in the mannoprotein samples which were also able to deplete the free cysteine
and GSH. Such a behavior can decrease the content of the low molecular weight thiols
(e.g. flavour related thiols) naturally occurring in wine. Moreover, the heat damage
was higher in the mannoprotein samples and it could be correlated to the low thiols
level.
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The GSH content was assessed in some grape and wine samples. The sample
preparation is reliable, fast and easy-to-apply. The levels detected were in accordance
to the literature. The GSH level during the winemaking was low after pressing
according to the must exposure to air. The GSH increased during the fermentation
dependent to the yeast strain, the fermentation course and must aeration, as well as to
the readily assimilable nitrogen and the copper content. At the end of the alcoholic
fermentation, the decrease of GSH concentration was faster if the must preparation
was performed in oxidative condition.

The oxidation rate in white wine was evaluated through 2 experiments: in the first one
the attention was focused on the interactions between GSH, sulfur dioxide and caffeic
acid in depleted phenols wine and synthetic wine solution (12% ethanol, 2.5 g L
tartaric acid and pH adjusted at 3.5). In the second experiment, 13 South Africans
Sauvignon blanc wines were added with sulfur dioxide and the phenols oxidation was
evaluated. The quantification of GSH, caffeic acid and catechin was carried out by the
validated UPLC method which was previously described. The statistical analysis
showed the oxidation rate was mainly affected by the sulfur dioxide content; when the
level of the latter was high the oxygen consumption decreased faster in presence of
GSH, too. When GSH and sulfur dioxide were added at higher concentration, the
comparison between wine and synthetic wine solution was allowed. The oxygen
consumption was at least 2 times higher when the sulfur dioxide was added for 12 of
the 13 Sauvignon blanc analyzed. Among the 21 parameters considered, it was mainly
affected by the copper, free sulfur dioxide and ferulic acid level which constituted the
68% of the variation of the oxidation rate.

Further investigations are needed to better understand the role of copper either during
the grape pressing or the wine ageing as well as the interactions between GSH, sulfur
dioxide and phenols occurring in white wine.



Daniela Fracassetti Investigation on cysteinyl thiol compounds from yeast affecting wine properties
PhD in Molecular Sciences and Plant, Food and Environmental Biotechnology, Universita degli Studi di Milano

Indagine sul contenuto dei composti tiolici cisteinici derivanti dal lievito che
influenzano le proprieta del vino

I composti tiolici svolgono numerose attivita in mosto e vino. Tra di essi, abbiamo
focalizzato la nostra attenzione sui tioli cisteinici (glutatione e cisteina, libera e legata
alle proteine).

Le proprieta enologiche del glutatione (GSH) sono ben note: riduce gli o-chinone
derivanti dagli esteri degli acidi idrossicinnamici, limitando cosi la formazione di
polimeri bruni. Il GSH puo ridurre le perdite di aromi tiolici e previene la formazione
di sotolone (4,5-dimetil-3-idrossi-2(5H)-furanone), il principale responsabile
dell’invecchiamento atipico dei vini bianchi. Il GSH rappresenta il principale composto
tiolico nell’'uva, nel mosto e nel vino ed il suo contenuto & influenzato dalle operazioni
di vinificazione.

I residui cisteinici della parete cellulare del lievito possono limitare i difetti di ridotto e
ossidato durante I'invecchiamento del vino cosi come la pratica di invecchiamento sur
lies o 'aggiunta di frazioni parietali di lievito (FPL) commerciali. L’aggiunta di questi
coadiuvanti & consentita dalla legge europea (Regolamento CE 2165/2005) e sono
numerose le attivita che esse svolgono aventi effetto positivo sulle caratteristiche
sensoriali. La valutazione del loro livello in tioli cisteinici e stata oggetto di questa
ricerca. Gli approcci analitici proposti in letteratura sono difficilmente applicabili per
I'analisi routinaria dal momento che la quantificazione dei tioli delle FPL non e stata
realizzabile applicando i metodi descritti per le proteine di natura biologica.

Gli scopi della ricerca sono stati la validazione di un metodo analitico sensibile e
realizzabile per la determinazione dei composti tiolici nelle FPL. E stato stimato il
contenuto dei tioli cisteinici di alcune preparazioni commerciali e lieviti secchi attivi ed
e stato correlato con il danno termico dovuto alla preparazione industriale. Lo stesso
approccio analitico e stato applicato e validato per la quantificazione del GSH in succo
d’uva, mosto e vino. Sono state valutate le fasi della vinificazione che influenzano il
livello di GSH in condizioni di processo reali per le annate 2009 (8) e 2010 (10). Infine, &
stata stimata la velocita di ossidazione del vino bianco attraverso la valutazione delle
interazioni che intercorrono tra GSH, anidride solforosa e fenoli.

L’approccio analitico proposto € basato sulla reazione tra i tioli e il p-benzochinone
(pBQ); gli idrochinoni tiosostituiti sono stati separati per cromatografia liquida e
rivelati per via spettrofotometrica. Il pBQ é stato aggiunto in eccesso e la quota non
reagita & stata rimossa con l’acido 3-mercaptopropanoico aggiunto in eccesso. La
derivatizzazione € veloce, accurata e stechiometrica a temperatura ambiente.

Le FPL hanno mostrato un contenuto eterogeneo di tioli; i campioni di lievito lisato
possedevano il pitt alto contenuto in tioli e di GSH; quest'ultimo e stato probabilmente
aggiunto dal produttore per aumentarne il potenziale antiossidante. I livelli pit1 bassi
di tioli cisteinici sono stati rilevati nei campioni di mannoproteine per i quali e stata
osservata la loro capacita di adsorbire cisteina e GSH. Tale caratteristica potrebbe
comportare una diminuzione del contenuto di tioli a basso peso molecolare (ad
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esempio gli aromi tiolici) naturalmente presenti nel vino. Inoltre, tali campioni hanno
mostrato un danno termico elevato che potrebbe essere correlato con il loro basso
contenuto in tioli.

Il contenuto di GSH ¢ stato determinato in alcuni campioni di uva e di vino, la cui
preparazione e risultata veloce e facilmente applicabile. La concentrazione di GSH
rivelata era in accordo con i dati descritti in letteratura. Il livello di GSH durante la
vinificazione era spesso basso dopo la pressatura in funzione dell’esposizione all’aria.
Il GSH e aumentato durante la fermentazione in correlazione al ceppo di lievito, al
decorso fermentativo e all’areazione del mosto, cosi come alla quantita di azoto
prontamente assimilabile e di rame. Al termine della fermentazione alcolica, ¢ stata
osservata una diminuzione di GSH, generalmente piu veloce se il mosto & stato
ottenuto in condizioni ossidative.

La velocita di ossidazione del vino bianco ¢ stata valutata con 2 esperimenti: nel primo,
I’attenzione e stata focalizzata sulle interazioni tra GSH, anidride solforosa e acido
caffeico in un vino impoverito di fenoli e in una soluzione di vino sintetico (12%
etanolo, 2.5 g L acido tartarico, pH 3.5). Nel secondo esperimento, 13 vini Sauvignon
blanc sudafricani sono stati addizionati di anidride solforosa ed e stato valutato il loro
contento di fenoli. La quantificazione di GSH, acido caffeico e atachina e stata possibile
grazie alla validazione del metodo analitico, descritto in precedenza, in UPLC.
L’analisi statistica ha mostrato che la velocita di ossidazione era principalmente
influenzata dal contenuto di anidride solforosa; quando la concentrazione di anidride
solforosa e elevata, il consumo di ossigeno diminuisce pit1i velocemente se e presente
anche GSH. Il confronto tra vino e vino sintetico e possibile quando GSH e anidride
solforosa sono state aggiunte a elevata concentrazione. Il consumo di ossigeno era
almeno 2 volte piu alto quando I'anidride solforosa era aggiunta per 12 dei 13 vini
analizzati. Tra i 21 parametri considerati, esso & stato principalmente influenzato dalla
contenuto di rame, solforosa totale e acido ferulico che costituivano il 68% della
variazione della velocita di ossidazione.

Ulteriori indagini sono necessarie per la miglior comprensione del ruolo del rame sia
durante la pressatura e I'invecchiamento, cosi come una pil1 approfondita ricerca sulle
interazioni che possono avvenire in vino bianco tra GSH, anidride solforosa e fenoli.
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0 PREFACE

Le vin et I'homme me font I'effet de deux lutteurs amis sans cesse combattant,
sans cesse réconciliés.

Le vaincu embrasse toujours le vainqueur.

(C. Baudelaire)

Il vino e I'uomo mi appaiono come lottatori amici
che senza trequa si combattono e si riconciliano.
11 vinto bacia sempre il vincitore.

The wine is the product obtained by the Vitis vinifera pressing and fermented by
Saccharomyces cerevisiae. It is the results of complex mechanisms involving several
compounds which can affect the aroma, the colour and the stabilization during the
shelf-life.

In particular, the wine protection against the oxidation represents an essential factor in
order to preserve its initial characteristic during the winemaking and to increase the
shelf-life. A natural antioxidant compound in wine is the glutathione which performs
this activity in cell and plant as well. The sulphydryl group is the functional group
responsible for antioxidant effect and it can be present in the yeast cell-wall proteins
which are released during the cell lysis and the ageing sur lies. The proteins are located
in the outer layer of the yeast cell-wall and the cysteinyl groups exposition is possible
afterwards the (-glucanase enzyme action. The yeast proteins carry out several
functions in wine and the addition of yeast mannoproteins or cell-wall fractions is
allowed by law (UE Regulation 2165/2005). Little is known on the antioxidant content
of these preparations and on their potential effect against the wine oxidation.

The first step of this work has been the development of an analytical method to
evaluate the antioxidant property of the yeast cell wall-fractions. The yeast cell-wall
fractions comprehend mannoprotein, hull, lysate and yeast extract all of them having a
common objective: they improve and stabilize the wine sensorial characteristics. These
preparations are commonly employed in the winemaking, but there is still a little
knowledge about the antioxidant property. The thiols are the compounds with this
characteristic; they are cysteine, free and linked to the protein, and glutathione and
they are contained in the yeast cell-wall fractions.

Glutathione is also the main thiol compound in grape juice, must and wine. Its content
is strictly correlated to the cultivar, agronomic practices, environmental conditions,
pre-fermenting operations and winemaking techniques as well as the S. cerevisiae strain
employed in fermentation. An analytical method was validated for the glutathione
quantification and several winemakings, conducted in real conditions process, were
followed.
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Glutathione decrease during the ageing is linked to the phenols, sulfur dioxide and
oxygen content. To better understand the interactions between these compounds in
white wine, a Sauvignon Blanc wine was added in oxygen, left at high temperature to
increase the oxidation rate for 2 months and then analyzed.

Wine cannot exist without the yeast action as well as without chemical compounds
interactions. In particular, the yeast role is key in the winemaking.

I hope this research could represent a useful tool for a rapid evaluation of the
antioxidant potential either of the yeast enological adjuvants or the must and wine
during the winemaking and the shelf-life. I also hope this thesis could explain
mechanisms already known but which have not been investigated before in real
conditions process and real wine.

A good wine is the result of hard work and passion just like this work is the result of
three years full of hard work and dedication to the study of glutathione.

Daniela Fracassetti
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1 STATE OF THE ART

1.1  Thiol compounds: general

Thiol compounds can strongly affect the sensorial properties of must and wine and
their concentration can be influenced by the winemaking and the storage conditions.
The thiol compounds in must and wine are mainly represented by reduced
glutathione, which can be correlated to the grape, the pre-fermenting operations and
the yeast metabolism. It can carry out several activities in must and wine, such as the
protection against the oxidation, the off-flavour formation and on the aroma content.
Low concentrations of cysteine and methionine, amino acid containing sulfur which
can participate in sulfur metabolism, were also detected (Park et al., 2000a).

Some volatile thiol compounds are related to either reduced defects or olfactive
perceptions like grapefruit, guava, passion fruit or cassis. The concentrations of these
compounds are correlated to the cultivar, agronomic practices and pedoclimatic
factors; they are released during the alcoholic fermentation.

The addition of yeast cell wall fractions, (e.g. mannoproteins, lysates and hulls) as well
as the ageing sur lies can affect the thiol content in wine and increase shelf-life of wine.

1.2  Glutathione

The reduced glutathione (GSH) is a tripeptide constituted by L-cysteine, y-glutammic
acid and glycine (Figure 1.1). It exerts antioxidant and detoxifying activities in the cell
(Friedman, 1994; Noctor et.al., 1998).

N \)J\
HO N OH

NH, 0

Figure 1.1: Molecular structure of the glutathione.

GSH can perform several activities in must and wine: antioxidant activity against wine
browning during winemaking and ageing, improvement of wine aroma limiting both
the thiol-related aromas oxidation and the off-flavour formation. The Saccharomyces
cerevisiae strain can affect the GSH concentration in must and wine due to its
metabolism; GSH represent the 0.5-1% of the dried weight of S. cerevisiae (Pennicks,
2002).

GSH can avoid the enzymatic and non-enzymatic browning in must and wine and, for
this reason, it is added to fruit juices and different type of food in order to increase the
quality of the final product and the shelf-life (Molnar-Perl & Friedman, 1990;
Friedman, 1994; Son et al., 2001).
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1.2.1  Glutathione in grape

Grape represents the first potential source of GSH in winemaking; GSH concentration
in grapes can exceed 100 mg kg ! according to grape cultivar, environmental conditions
and viticultural practices (Cheynier et al., 1989).

The GSH accumulation in grape is affected by several agronomic and climatic
conditions; in particular, treatments increasing the nitrogen amount in the soil during
the ripening seem to affect the GSH concentration in grape (Lavigne & Dubourdieu,
2004). Nevertheless deeper researches should be carried out.

The GSH concentration is correlated with the readily assimilable nitrogen: an increased
concentration of nitrogen in the vineyard may originate juice with a high content of
assimilable readily nitrogen (120-200 mg L), caused by high GSH concentrations in
berries. Juice from grape showing a poorer nitrogen concentration may lead to the
opposite situation (Lavigne & Dobourdieu, 2004).

The nitrogen starvation causes the grapevine leaves to become yellow and leaves the
plant with poor vigor. A nitrogen addition performed with sufficient concentration
and advance on the harvest, allows increasing the GSH content in the berries. The GSH
transport and accumulation occur through the vascular system carrying water and
sugars during the ripening. The GSH concentration increases after the veraison,
independently from the variety, and it is proportional to the sugars content,
approximately until 16° Brix. For higher sugars content, their concentration increases
faster than the GSH (Adams & Liyanage, 1993). The GSH amount can vary from
different bunches and even from different berries in the same bunch.

1.2.2  Glutathione in must and wine

The GSH content in must ranges from 10 to 100 mg L (Cheynier et al., 1989) and it can
be affected by exposure to oxygen, tyrosinase activity and pre-fermentative grape skin
maceration (du Toit et al., 2007; Maggu et al., 2007).

At the beginning of the alcoholic fermentation GSH almost disappears and then its
concentration increases as an effect of the yeast cell synthesis and lysis. The GSH level
becomes stable one month after the alcoholic fermentation is started (Lavigne &
Dubourdieu, 2004).

After fermentation, the GSH content in wine can be affected by the yeast strain
(Lavigne et al., 2007).

The concentration of GSH in wine is lower than in juice and grapes and it ranges from
3 to 20 mg L1 (Cassol & Adams, 1995; du Toit et al., 2007) and it can be increased
through the choice of an adequate yeast strain (Rauhut, 2009). No GSH is released
from yeast under nitrogen starvation during the alcoholic fermentation (Lavigne &
Dubourdieu, 2004).

Moreover, the yeast cell can release compounds other than GSH after lysis, such as
fatty acids, amino acids, peptides, polysaccharides and glycoprotein, all of them
performing different functions.
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1.2.3  Glutathione properties

1.2.3.1 Antioxidant activity

The antioxidant property of GSH is well known: it can reduce the o-quinone deriving
from the enzymatic oxidation carried out by the polyphenoloxidase enzymes (PPO) on
the tartaric esters of hydroxycinnamic acids. During ageing, the o-quinones are
produced as a result of the non-enzymatic oxidation (also known as chemical
oxidation) of o-diphenols (Li et al., 2008). The level of o-diphenols in wine is correlated
to the browning of white wines (Margalit, 2004; Riberau-Gayon et al., 2006; Li et al.,
2008). Quinones are electrophilic molecules capable to react with nucleophilic thiol
compounds like cysteinyl residues of the yeast mannoprotein (Cheynier et al., 1990).

The reaction between GSH and the respective o-phenols (Figure 1.2) prevents the
phenols polymerization and limits the formation of brown compounds (Salgues et al.,

1986).
OH
O OH
+ R —SH ——>
S— R,
R

Figure 1.2: Reaction scheme of o-quinones formation.

R

Caffeoyl-tartaric acid (caftaric acid) and coumaric-tartaric acid (coutaric acid) are some
of the most abundant hydroxycinnamic acid in must (Riberau-Gayon, 1996) and, so
these phenols are the mainly oxidized substrate by the enzymic action.

The GSH can reduce the oxidized caftaric acid, generating 2-S-glutathionyl caftaric
acid, also known as Grape Reaction Product (GRP) (Singleton et al., 1984). The position
2 of the caftaric acid benzyl ring is the most electrophile position and the nucleophile
attack occurs preferably in that position (Figure 1.3) (Cilliers & Singleton, 1990). The
GRP is not a substrate of the PPO and it can trap the o0-quinone, limiting the formation
of brown polymers which are responsible in colour changes of white must and wine.
GRP can be oxided enzymically by the Botrytis cinerea laccase and chemically by the
caffeoyl-tartaric acid quinone. In this way, the GRP quinone is originated; it can be a
substrate of condensation reaction with the phenols. This molecule is the responsible of
the brown compounds formation. The high GSH concentration allows a second
nucleophile attack, in position 5 of the benzyl ring. The 2,5-diglutathionyl caftaric acid
(GRP2) is formed and it is a substrate of the laccase action (Salgues et al., 1986). With
low GSH concentration, the GRP can be oxidized by the excess of caftaric acid
quinones which can cause an intense browning (Figure 1.3) (Cheynier & Van Hulst,
1988; Cheynier & Ricardo da Silva, 1991).
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Figure 1.3: Scheme of GRP and browning compounds formation.

1.2.3.2 Interactions with aroma

GSH exerts a protective effect towards the flavoring volatile thiols of wine acting as a
competitor for the reduction of the quinones (Lavigne & Dubordieu, 2004). Since GSH
concentration is about a thousand times higher, it can also preserve thiol-related aroma
compounds from oxidation. GSH concentration ranging from 6 mg L-! to 10 mg L* can
have a positive effect slowing down the decrease of the thiol-related aroma (Lavigne &
Dubourdieu, 2004). Additionally, other aromatic compound such as isoamyl acetate (3-
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methyl-1-butyl acetate), ethyl hexanoate and linalool (3,7-dimethylocta-1,6-dien-3-ol),
are better protected during bottle storage (Papadopoulou & Roussis, 2008), especially if
caffeic acid is present in wine at certain levels (15-30 mg L) (Roussis et al., 2007;
Ioannis et al., 2008; Roussis & Sergianitis, 2008).

GSH can reduce the formation of sotolon (3-hydroxy-4,5-dimethyl-2(5H)furanone), a
compound responsible for the atypical ageing character of white wine (Lavigne &
Dubordieu, 2004). It confers aromas descriptor as dried fig and rancid and its
perception threshold is 7 pg L' (Cutzach et al, 1999). The sotolon synthesis is probably
due to the chemical mechanisms occuring with the Maillard reaction (Konig et al.,
1999). These interactions happen especially when the reduced sugars concentration is
high.

Besides sotolon, 2-aminoacetophenone (1-(2-aminophenyl)ethanone) is also
responsible for the atypical ageing; this aroma has a lower perception threshold than
sotolon, corresponding to 1 pug L.

The exposition of wine to oxygen during the bottling could have an increasing effect
on the oxidative defects formation (Lavigne et al, 2008). GSH can have a protective
action on the wine aroma during the oxidative ageing. GSH reduces the formation of
both these off-flavours during storage (Table 1.1).

Wine added to GSH
Atupi . Wi
typical ageing compound ine tested (10 mg L)
Sotolon 9 ug L1 3 ug L1
2-aminoacetophenone 215 ng L1 125 ng L1

Table 1.1: Effect of GSH on the formation of atypical aging off-flavours during wine storage
(Lavigne & Dubourdieu, 2004).

Moreover, GSH can have a positive effect on the white wine colour which appears to
be more stable during the ageing (Lavigne & Dubourdieu, 2004; Hosry et al., 2009).

1.2.4  Glutathione and yeast

GSH was discovered in yeast by Hopkins and Kendall in 1921 (Kockova-
Kratochvilova, 1990) and it represents 0.5-1% of the dry weight of Saccharomyces
cerevisiae, 95% of the intracellular pool of sulfur compounds having low molecular
weight and occurs in high concentrations up to 3 g L (10 mM) in yeast cells (Elskens et
al, 1991; Mehdi and Pennincks, 1997; Pennicks, 2002).

GSH is involved in the oxidative stress response through glutathione peroxidase and
detoxification processes (Rauhut, 2009). It prevents the cellular destruction by
maintaining certain thiols in their reduced stage by its SH-group of the cysteine (Cys).
GSH can react with some heavy metals and other toxic compounds (Duncan and
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Derek, 1996; Pennicks, 2002; du Toit et al, 2007). The stress resistance is ensured by the
vacuolar transport of metal derivates by the tripeptide (Pennicks, 2002).

GSH may be involved in the maintaining of the mitochondrial and membrane integrity
either in Saccharomyces or in non-Saccharomyces yeast and it can be metabolized during
the sulfur and nitrogen starvation as well as the reproduction (Rauhut, 2009).

1.2.4.1 Glutathione synthesis

GSH is synthesized by the consecutive action of y-glutamylcysteine synthetase and L-y-
glutamylcysteine-glycine y-ligase (Figure 1.4) (Pennicks, 2002).

The y-glutamylcysteine synthetase is a highly regulated enzyme (Lee et al., 1999) and
its activities are feedback-inhibited by GSH, preventing an over-accumulation of the
tripeptide (Meister & Anderson, 1983; Penninckx & Elskens, 1993). The glutathione
synthetase is a constitute unregulated enzyme (Inoue et al., 1998).
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Figure 1.4: The y-glutamyl cycle (Meister and Anderson, 1983): (1) y-glutamylcysteine synthetase;
(2) glutathione synthetase; (3) y-glutamyltranspeptidase; (4) y-cysteinyl glycine dipeptidase; (5) y-
glutamyl cyclotransferase; (6) 5-oxoprolinase.

1.2.4.2 Nutrients starvation

Saccharomyces can degrade GSH in response to the nitrogen and sulfur starvation as
source of these elements (Elsken et al, 1991). GSH can be taken up by the yeast cell
through two transport systems, GSH-P1 (high affinity, regulated system) and GSH-P2
(low affinity, unregulated system). About 50% of the yeast GSH is stored in the
cytoplasm and the remaining is stored in the central vacuole during growth when
nitrogen is available.

The main role in the sulfur flows regulation is played by the GSH cycle, which is
closely correlated to the yeast sulfur metabolism (Figure 1.5) (Pennickx, 2000). The
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cytoplasmic GSH is used as endogenous sulfur source (Elskenk et al., 1991) in case of
total sulfur deficiency, until it reaches a residual concentration of about 10% of its
normal value (Pennickx, 2002).

If the yeast is in nitrogen starvation, more than 90% of GSH is transported to the
central vacuole (Mehdi & Pennickx, 1997) where it is splitted in the respective amino
acids by the y-glutamyl transpeptidase, the only GSH degrading enzyme currently
characterized in yeast (Penninckx er al., 1980; Mehdi et al., 2001). In this condition, a
smaller amount of GSH could be released in the growth medium.
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Figure 1.5: Transport and metabolism of sulfur in S. cerevisiae (Intyre & Curthoys, 1982; Miyake
et al., 1998). (1) Serine acetyltransferase; (2) cysteine synthase; (3) homoserine acetyltransferase;
(4) homocysteine synthase; (5) y-cystathionine synthase; (6) y-cystathionase; (7) L-cystathionase;
(8) L-cystathionine synthase; (9) homocysteine methyltransferase; (10) S-adenosylmethionine
synthase; (11) S-adenosylmethionine demethylase; (12) adenosylhomocysteinase; (13) sulfate-
reducing pathway; (14) y-glutamylcysteine synthetase; (15) glutathione synthetase; (16) v-
glutamyltranspeptidase; (17) L-cysteinyl glycine dipeptidase.

1.2.4.3 Oxidative stress

Yeast produces toxic oxidative compounds during its metabolism such as H:0;,
alkylhydroperoxide (ROOH), superoxide anion (O:*) and hydroperoxide lipid
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(LOOH). These compounds can degrade in very reactive radicals which can cause
metabolic imbalances and the cell death.

The glutathione peroxidase is the key enzyme in the defense mechanisms against the
hydroperoxides. This enzyme is induced by oxidative conditions in S. cerevisiae
(Galiazzo et al., 1987). It detoxifies the cell from peroxide compounds catalyzing the
reduction of hydrogen peroxide to water and the organic peroxide to the
corresponding stable alcohols. The glutathione peroxide performs the reduction using
the GSH as equivalents source, according to the reaction as follows:

2 GSH + ROOH —» GSSG + H20 + ROH

The glutathione peroxidase is localized in cytoplasm and mitochondria, where high
amounts of peroxides are produced. Exposure of yeast to high thermal condition or
oxidative shock increases the respiration rate and the formation of peroxides. In order
to overcome this critical condition, Saccharomyces metabolizes higher GSH
concentration to preserve the cell structure integrity and the metabolism (Spector et al,
2001).

1.2.4.4 Detoxification of heavy metals and xenobiotics

Unfavorable yeast growth conditions and environmental stress cause an accumulation
of toxic heavy metals and xenobiotics (Pennickx, 2000).

GSH can chelate the heavy metals present in the cytoplasm (i.e. copper, zinc, silver,
lead and cadmium) and the complexes formed are transported in the central vacuole
and then eliminated (Ortiz et al., 1992; Duncan & Derek, 1996; Penninckx, 2002). The
vacuolar enzymic pool is able to degrade the toxic compounds through mechanisms
strain-dependent which employ the GSH (Ramsay & Gadd, 1997). The reaction
between GSH and the heavy metals and xenobiotics is catalyzed by the glutathione S-
transferase enzyme, according to the following scheme:

GSH + RX —» GSX +RH

In this way, the yeast cell is protected through the toxic action of the heavy metals and
both the degradation and the elimination of xenobiotics are guaranteed.

125 The ageing on the lees

The ageing sur lies has a protective effect against the oxidation and improves the
sensorial properties of wine. It also increases the concentration of amino acids,
peptides and proteins due to the passive release or the yeast lysis. Yeast lees are
composed by the cell wall debris, mainly constituted by ramified glucans and
mannoproteins (Fornairon-Bonnefond et al., 2001).
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Yeast lees can absorb the oxygen (Salmon et al., 2000), limiting the formation of the
oxidative components.

The yeast lees can also absorb several organic substances, as polyphenols (Mazauric &
Salmon, 2005), toxins, pesticides, antifoaming and volatile compounds (Perez-
Serradille & de Castro, 2008). Moreover, the yeast lees can absorb several volatile
compounds related with wine aroma, as esters, aldehydes and norisoprenoids, which
have positive aroma impact of wine (Gallardo-Cachodn et al., 2009). The yeast lees can
stabilize the thiol-related aromas, either during the ageing or the storage (Baumes,
2009). Wine aged on the lees showed a lower formation of off-flavours such as sotolon
and 2-aminoacetophenone (Lavigne & Dubourdieu, 2004). The positive effect of the
yeast lees on the white and sparkling wine is well known: when the lees are removed,
non-enzymatic browning, oxidation and decrease of thiol-related aromas occur faster
(Feuillat, 2003; Lavigne & Dubourdieu, 2004).

The antioxidant properties of reducing protein Cys on the yeast lees has not been
extensively investigated in wine, but the effect of cysteinyl residues of mannoproteins
in the reduction of oxidative molecules is already described (Jaehrig et al., 2007;
Gallardo-Chacén et al., 2010).

The periodical stirring of wine allows the release of mannoproteins and amino acids,
improves the roundness and decreases the astringency (Feiullat, 2003; Caridi, 2006).

1.3  Aromatic compound containing sulfur

Beside the GSH, a source of thiol compounds in wine is also represented by the thiol-
related aromas. These molecules can be responsible of the formation of some off-
flavours, such as the mercaptans, and supply the typical aromatic profile of wine, like
the long-chain volatile sulphur compounds.

1.3.1 Thiol-related aromas

Volatile thiols can have different sources in wine. They come from the grape (directly
or indirectly, such as nonvolatile precursors), from microbial fermentation, from
chemical reactions during storage and from environment (wood) (Landaud et al,,
2008).

The thiol aromas originate either from enzymatic or non-enzymatic mechanisms. The
first one involves the degradation of sulfur-containing amino acids, the fermentation
and metabolism products from some sulfur-containing pesticides. Non enzymatic
processes involve photochemical, thermal and other chemical reaction of sulfur
compounds during winemaking and storage (Mestres et al., 2000).

The sulfur compounds can affect the sensorial properties of wine and wine yeast and
bacteria can metabolize these thiols, which are generally considered responsible of off-
flavours (Bartowsky & Pretorious, 2009). Nevertheless, the long-chain polyfunctional
sulfur compounds are one of the most important groups of aroma compounds in wine,
which confer pleasant aromatic notes at trace levels, but at high concentrations these
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compounds can be objectionable (Mestres et al, 2000; Swiegers et al., 2005;
Dubourdieu et al., 2006; Swiegers & Pretorius, 2007). They are characterized by some
fruity aromas, like cassis (Rigaud et al., 1986), grapefruit (Demole et al., 1982), passion
fruit (Engel & Tressl, 1991), guava (Idstein & Schreier, 1985). The impact of the sulphur
compounds on wine aroma is updating in the recent literature and the varietal
character is affected by several of these molecules if their concentration is close to the
threshold perception (Fedrizzi et al., 2007; Rauhut et al., 1998; Ugliano & Henschke,
2009).

Long-chain volatile sulphur compounds as 4-mercapto-4-methylpentan-2-one (4MMP),
3-mercaptohexan-1-ol (3MH) and 3-mercaptohexyl acetate (3MHA) are particularly
important for the wine aroma (Figure 1.6A-C). These compounds characterize the
typical varietal aroma of Sauvignon blanc wine (Dubourdieu et al., 2006). Moreover, in
some wine, 4-mercapto-4-methylpentan-2-ol (4MMPOH) is also detected but its
concentration is lower than the thiol-related aromas above mentioned (Figure 1.6D).
The 4MMP has aroma descriptor of box tree, blackcurrant, or cat urine at higher
concentrations; 3MH and 3MHA impart passion fruit and grapefruit aromas and
4MMPOH is reminiscent of citrus zest and grapefruit (Tominaga et al., 1998a). The
perception threshold of these compounds in wine is 0.8 ng L1, 60 ng L-*and 4 ng L-! for
4MMP, 3MH and 3MHA, respectively (Landaud at al., 2008). The perception threshold
of 4AMMPOH is 55 ng L' in aqueous alcoholic solution (Tominaga et al., 2000). 3MH is
the most abundant in wine, in concentration generally higher than its perception
threshold, while 4AMMPOH in wine is generally lower than its perception threshold.
The level of 4AMMP is dependent on the grape cultivar and it change between different
samples in the same cultivar (Baumes, 2009).

4MMP, 3MH and 3MHA are presents in grape as non-volatile cysteinyl-conjugated
precursors (Darriet et al., 1993, Tominaga et al., 1995). These compounds are splitted
by the S. cerevisine and, through the enzymatic activity of carbon-sulfur lyase
(Tominaga et al., 1995), the thiol aromas are liberated.

Besides the Cys, some aroma can be conjugated to the GSH. These compounds are
degraded by the y-glutamyl transpeptidase and carbon peptidase, enzymes which
perform the lysis of the link between the Cys and glutammic acid and glycine. In this
way the aroma is cysteinyl-conjugated and the yeast carbon-sulfur lyase action can
release it in wine.

3MHA is formed by yeast from 3MH no cysteinyl-conjugated esterified with acetic
acid (Swiegers et al, 2005). This founding correlated for the first time the ester and
volatile thiol metabolism in yeast (Bartowsky & Pretorius, 2009). The S. cerevisiae
capability to liberate long-chain polyfunctional thiols from their precursors is
genetically determined; the yeast selection can represent an useful tool to check the
3MH and 4MMP release (Dobourdieu et al., 2006; Ugliano & Henschke, 2009). The
3MHA formation from 3MH is also dependent from the strain genetic characteristics
(Swiegers et al, 2008). The characterization researches showed the enhanced capacity of
different S. cerevisiae strains to hydrolyze the S-cysteinyl link rather than the ester
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synthetic activity. The combined use of different yeast strains, one of them having
hydrolyzing ability and other one with stronger esterificating ability, can represent an
useful tool to affect the thiol-related aromas composition (Ugliano & Henschke, 2009).
The content of these compounds decreases during wine ageing, according to the
oxidative conditions. GSH, sulfur dioxide and anthocyanins content exerts a protective
effect. In contrast, increased contact with oxygen, particularly in presence of catechin
derivates, promotes their degradation (Murat et al., 2003; Blanchart et al., 2004;
Baumes, 2009). Likewise, the concentration of long-chain polyfunctional sulfur
compounds decreases during the storage time, strictly dependently on the oxidative
reaction, presence of GSH, sulfur dioxide and anthocyanins (Murat et al.,, 2003;
Blanchart et al., 2004; Baumes, 2009).

H,C
H3C\/\(\/OH O T CH,
SH a SH O b
CH, O CH, OH
H,C H,C
CH, CH,
HS HS
C d

Figure 1.6: Chemical structure of 3MH (a), SMHA (b), 4AMMP (c), 4sAMMPOH (d).

1.3.1.1 Precursors of thiol-related aroma compounds

S-cysteinyl conjugated compounds are the precursors of the thiol-related aromas.
Chemically, these compounds are the S-substituted derivates of the Cys and only three
of these precursors were identified in grape: S-(1-hydroxyhex-3-yl)-L-cysteine (P3MH),
5-(4-methyl-2-oxopent-4-yl)-L-cysteine (P4AMMP), and S-(4-methyl-2-hydroxypent-4-
yl)-L-cysteine (4AMMPOH) (Tominaga et al., 1995; Tominaga et al.,, 1998b). However,
the S-(4-hydroxyhex-3-yl)-glutathione, the precursor of the 3MH, was identified in
Sauvignon blanc must and, probably, in Gros Manseng must (Peyrot des Gachons et
al., 2002a). This compound could be a precursor of P3MH, obtained as a result of the
enzymatic activities of y-glutamyltransferase, which removes glutamic acid, and of
carboxypeptidase, which eliminates glycine (Peyrot des Gachons et al., 2002a). No
other GSH conjugated was identified, neither corresponding to P4MMP nor
PAMMPOH (Baumes, 2009). S-glutathione conjugates may be involved in
detoxification processes in wine, as well as in other plant or organisms (Dubourdieu &
Tominaga, 2009).
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The level of these compounds in must does not exceed 100 pg L' and it is dependent
on environmental conditions, climate and soil parameters and vineyard treatments
(Peyrot des Gachons et al., 2000; Peyrot des Gachons et al., 2005). In particular, the skin
contact has a more increasing effect on the P3MH concentration than PAMMP and
PAMMPOH (Peyrot des Gachons et al., 2002b).

During the alcoholic fermentation, a yeast lyase releases the thiol compounds by
cleavage of the carbon-sulfur bound (Tominaga et al., 1998b), activity correlated to the
S. cerevisiae strain (Murat et al., 2001).

1.3.2  Thiol off-flavours

The sulfur-containing off-flavours impart the negative notes as cabbage, onion, rotten
egg, garlic, sulfurous and rubber (Vermeulen et al., 2005). These compounds are
typically found at low concentration and they have very low perception threshold
(Bartowsky & Pretorious, 2009).

Hydrogen sulfide is probably the best-known sulfur compound in wine which imparts
rotten egg aroma. It is highly volatile and it has a low perception threshold (10-80 ug L-
1). It can be removed by aeration or copper treatments (Monk, 1986). Hydrogen sulfide
is a very reactive species and it can participate in reactions generating compounds as
mercaptans, dimethyl sulfide and polysulfide, which have negative impact on the wine
aroma. Dimethyl sulfide and polysulfide cannot be removed by copper addition
(Bartowsky & Pretorious, 2009).

Mercaptans are responsible of reduced aroma in wine. Their removal is possible by
racking wine in aerating conditions or by the ageing on the lees. Mercaptans are
converted into the respective thiol-substituted hydroquinones as the result of the
reaction with o-quinone or they can link to the cysteinyl residues of the yeast cell-wall
to give disulfides (Lavigne & Dubourdieu, 1996).

Methionine can be metabolized by yeast to produce fusel alcohol, methionol and 3-
methylthio-1-propanol imparting cabbage and cauliflower aromas. Cys is a precursor
of S-containing heterocycle compounds; these compounds can be metabolize by
Oenococcus oeni and aroma descriptors as sulfury, floral, fruity, toasted and roasted can
be imparted to the wine (Pripis-Nicolau et al., 2004; Bartowsky & Pretorious, 2009).

1.4  Yeast-cell wall fractions

The yeast cell-wall fractions (YCWF) comprehend mannoproteins, hulls, lysates and
extracts which are industrially produced and used as oenological adjuvants. These
preparations carry out several activities affecting positively the wine sensorial
properties. Mannoproteins fractions are glycoproteins and they can be released in wine
from yeast during the fermentation and ageing on the lees due to the yeast lysis.
Mannoprotein and yeast extracts are usually added to wine during the winemaking;
these preparations are soluble and they have a higher protein content than hulls and
lysates. Those fractions showed a high carbohydrate content and their use occurs after
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the alcoholic fermentation during the barrel or tank ageing and their addition allows
judging a wine mature in less time.

The antioxidant properties of the reducing protein Cys from yeast lees have not been
extensively investigated in wine, but some results show the Cys residues of yeast
mannoproteins to be effective antioxidants if they are accessible to oxidizing molecules
(Jaehrig et al., 2007). Moreover, white wines and sparkling wines are well known to
develop faster non-enzymatic browning, oxidation, and loss of odor-related thiols after
yeast lees are removed (Feuillat, 2003; Lavigne & Dubourdieu, 2004). The release of
mannoproteins from yeast lees as well as the addition of yeast glycoproteins to wine
could increase the antioxidant Cys content. Nevertheless, little is known about the Cys
content in YCWF as well as about the antioxidant behavior of yeast lysates, hulls,
extracts and mannoproteins in wine. It is possible that the cysteinyl thiols bound to the
YCWF exert an analogue property as GSH during the ageing and the shelf life
(Gallardo-Chacén et al., 2010).

141  Saccharomyces cerevisiae cell wall

Saccharomyces cerevisiae cell wall (Figure 1.7) represents the 30% of the cell dried weight
and it is composed by polysaccharides (about 85%) and proteins (about 15%) (Lesage
& Bussey, 2006). It is a layered structure where the inner layer is made of $-1,3 glucan,
B-1,6 glucan and low amounts of chitin and mannoproteins. The latter are the only
constituent on the cell-wall external layer.

The glucan layer is aimed to maintain the cell shape and has mechanical strength. The
outer layer determines surface properties, as electrical charge, hydrophobicity,
flocculence and limiting the porosity of the cell wall (Moukadiri et al., 1997).

e - e
GPICWP (GPIcWP
Pir-CWP \f)

B1,6 Glucan B1,6 Glucan B1,6 Glucan
i I
OOCOOO/ oooooo/ OOCDG)/ ODC(II)/
B,1-3 glucan AN / N p AN e AN
CCCOC0 “ OOOOOO\ COOCOO\

\ \

| Chitin Chitin

Figure 1.7: Structure of Saccharomyces cerevisiae cell wall (Smits et al., 1999). In the scheme, the
non covalent links and the disulphide bridge are not represented. The 3-1,3 glucans are in the
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inner layer forming a tridimensional network. The cell wall structure is stabilized by the
disulfide bridges among the glucans. In the outer layer, the Pir protein (family of covalently
linked cell wall proteins of S. cerevisiae), are directly linked to the $-1,3 glucans, while the GPI
(glycosylphosphatidilinositol) is indirectly bound with the (-1,3 glucans, through the (-1,6
glucans.

1.4.1.1 Chitin

The chitin is a linear polymer of 3-1,4-N-acetyl-glucosamine (Lesage & Bussey, 2006); it
can form microfibrils stabilized by hydrogen bonds (Lipke & Ovalle, 1998). It is the
minor compound of the S. cerevisiae cell wall (1-2% of the dried weight). The chitin has
an important role in the septum formation in the cell reproduction (Cabib et al., 2001).
About 40-50% of the chitin is bound to the no-reducing terminal ends of the (3-1,3
glucan by {3-1,4 bonds with the no-reducing ends of the chitin. Its crystalline structure
increases the yeast stretching resistance (Lesage & Bussey, 2006).

When the yeast cell is the substrate of exogenous -1,3 glucanase, the cell wall can
decrease its rigidity due to the 3-1,3 glucan degradation. In order to resist, the cell has
a rescue system which consists in the increase of the bonds between protein and the (3-
1,6 glucan — chitin complexes (Kapteyn et al., 1997).

1.4.1.2 Mannoproteins

Mannoproteins are constituted of about the 10% of proteins and they accounts for 35-
50% of the cell-wall dried weight (Gonzales-Ramos & Gonzales, 2006). The
polysaccharide fraction of the mannoproteins is mainly constituted by mannose (98%)
and glucose (2%). Their molecular weight ranges from 20 kDa to 450 kDa and the
glycosylation grade is strain-dependent (Nguyen et al., 1998). The mannoproteins are
placed in the outer layer of the cell wall which is less permeable to macromolecules
than the inner layer. This property is due to the highly branched chains of
carbohydrate bound to asparagine and the disulfide bridges (Klis et al., 2002). These
macromolecules can carry out cell interactions, as flocculation, killer factor and sexual
reproduction, while some of them have enzymatic activity, as invertase, glucosidase
and esterase.

The mannoproteins are localized only in the cell wall associated to the glucans
network (Feuillat, 2003). These molecules are classified in 3 groups according to the
structural bonds involved: not covalently linked, covalently linked with the glucans
and forming disulfide bridges with proteins covalently bound to the glucans (Jaafar et
al., 2003). Two further groups of mannoproteins were described: those bound to non-
reducing end of 3-1,3 glucan by 3-1,6 bonds and those directly bound to 3-1,3 glucan.
Mannoproteins can establish also ionic interactions and disulfide bridges with the cell-
wall polysaccharides (Lomolino & Curioni, 2007).

The time needed for the release of mannoproteins is strictly correlated to the
interactions among the macromolecules (Charpentier et al., 2004). The chemical and
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physical properties and the amount of the mannoproteins are strictly correlated to the
yeast strain (Escot et al.,2001; Feuillat, 2003). The mannoproteins released following to
the alcoholic fermentation as effect of the 3-1,3 glucanase are partially soluble in water.
This enzyme performs its degrading activity either on the lees or on the growing cells
and its action is dependent to contact time, temperature and biomass shaking (Caridi,
2006). For instance, the mannoproteins released during the alcoholic fermentation are
able to reduce the astringency more efficiently than those released after the cell lysis
(Escot et al.,2001; Feuillat, 2003).

1.4.1.3 Cell wall proteins — polysaccharides complex

In rich growing medium, the abundant complex of yeast cell wall is formed by
glycosylphosphatidilinositol (GPI) — cell wall proteins (CWPs) — 3-1,6 glucan — 3-1,3
glucan. In some complexes, the GPI-CWPs is directly linked with the 3-1,3 glucans by
a not characterized alkali sensitive bond. Moreover, the GPI-CWPs can be bound with
f-1,6 glucan conjugated to the chitin, commonly produced when the yeast cell is
growing in stressed conditions (Caro et al., 1997; Klis et al., 2002).

The CWP-polysaccharides complexes are summarized in figure 1.8.

GPI-CWPs | GPI-CWPs GPI-CWPs GPI-CWPs | GPI-CWPs
| (es.Cwpl) | | | |
B-1,6-Glc p-16-Gle  B-13-Gle | B-1,6-Glc B-1,3-Glc

B-1,3-Glc !
B-1,3-Glc p-1,3-Gle chitin

Figure 1.8: Structure of protein—polysaccharides complexes in the cell wall (Klis et al., 2002).

142  Enological properties of yeast cell wall fractions

The YCWEF are often used in winemaking in form of mannoproteins, hulls, lysates, cell
extracts or inactivated yeasts in order to positively affect the sensorial properties and
the chemical-physical stability of wine.

The EU Regulation n° 2165/2005 permits the addition of mannoproteins for the tartaric
and protein stabilization.

1.4.2.1 Inhibition of tartrate salt crystallization

During the winemaking, the tartrate salt crystallization reduces the wine acidity. Wine
is a supersaturated solution of potassium hydrogen tartrate and this salt can crystallize
and precipitate in bottled wine producing turbidity, sediments and colour loss in red
wine (particularly in cold storage) if effective stabilizing practices are not applied.
Mannoproteins can avoid such precipitation hindering the growth of the tartrate
crystal nuclei. The effect corresponds to a decrease of the crystallization temperature
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equivalent to 2.20-2.35°C (Feuillat et al, 1998). This property is due to some highly
glycosylated mannoproteins with molecular weight ranging from 30 kDa to 50 kDa
(Caridi, 2006).

The mannoproteins fractions useful against tartrate precipitation are linked to the cell
wall by covalent bond and are extracted by enzymatic treatment. Their addition to the
wine should be carried out just before the bottling and the effective amount should
evaluate through preliminary assays. Effective mannoproteins concentration could be
5 mg L7; the optimal concentration would be 12.5 mg L, even though higher
concentration (30 mg L) are possible, related to the protein fraction (Moine-Ledoux &
Parodi, 2006).

1.4.2.2 Prevention of protein haze

The protein haze is a common problem in white wine caused by the slow denaturation
and flocculation of heat unstable proteins contained in grape (Caridi, 2006). Protein
haze occurs after wine bottling and it has a detrimental effect on the wine aspect. The
phenolic compounds as well as the metallic ions contribute to this phenomenon
increasing the aggregate dimension. Some yeast mannoproteins fractions can prevent
the protein haze in wine up to 40% (Gonzales-Ramos et al.,, 2008). The effective
mannoproteins preventing the protein haze have high molecular weight (420 kDa) but
also a 32 kDa invertase fragment showed the same stabilizing property. The former
protein group is present at low concentration in wine. The prevention mechanism is
not completely clear, but it was suggested the mannoproteins form an hydrated
neutral layer on the protein aggregates preventing their growth (not over 5 um) and
the precipitation. The proteins are adsorbed on the surface flocculus and the haze is
not visible at naked eye (Dupin et al, 2000a). The proteins causing the haze can not be
denatured or adsorbed on the lees, but the active invertase fragment released during
the aging increases their heat stability (Dupin et al., 2000b). This enzyme can be
extracted from the yeast cell wall through enzymatic digestion (Moine-Ledoux &
Parodi, 2006). Some glycoproteins obtained from yeast extracts could prevent the
protein haze. Their addition allows a protein haze reduction up to 20% in comparison
to the untreated wine, nevertheless high protein amounts are necessary to be effective
(Lomolino & Curioni, 2007). The addition of these glycoproteins to wine could
decrease the amount of bentonite needed to remove the proteins causing the haze
stabilization of the product.

1.4.2.3 Interactions with phenolic compounds

Some mannoproteins can protect the colour of red wine hindering the tannin-
anthocyanin polymerization. The same occurs for the proanthocyanins polymerization
and aggregation which are accountable for tannin precipitation in wine ageing (Riou et
al., 2002; Caridi, 2007). On the contrary, recent studies showed that in wine treated
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with commercial mannoproteins, the colour intensity is lower than in untreated wine
after the alcoholic fermentation (Guadalupe et al., 2007).

The anthocyanins polarity and the yeast strain can affect the wine colour; the most
polar anthocyanins, as delphinidin and petunidin, are easily adsorbed on the yeast cell
wall, but not the acylated anthocyanins (Medina et al., 2005).

The protective mechanism of mannoproteins is not completely clear: it seems the
polysaccharides can slowdown the dimension of the tannins-anthocyanins polymers,
but not their formation (Riou et al., 2002). This phenomen is due to the steric hindrance
of the mannoproteins.

During the malolactic fermentation, the total polyphenols index in wine added with
mannoproteins is lower than in untreated wine, due to the precipitation of
mannoproteins-polyphenols complex. In this way, the wine is less astringent and it has
higher roundness, but the colour is less stable and intense (Guadalupe et al., 2007).
Both the amount and the composition of the released mannoproteins affect the aroma
stability: for instance, the neutral glycoproteins decrease the astringency and the acid
mannoproteins increase the roundness (Vidal et al., 2004).

The interaction between tannin-anthocyanin polymers and mannoproteins is strictly
correlated to the yeast strain (Escot et al, 2001) and it can modify wine colour, phenols
composition and antioxidant property (Caridi et al., 2004).

1.4.2.4 Interactions with the aroma components

The aromatic quality of a wine is assessed by sensory analysis of the headspace
containing the volatile aromas. The aroma equilibrium between vapor and aqueous
phases is expected to be influenced by nonvolatile molecules present in wine (Dufour
& Bayonove, 1999). The mannoproteins can interact with these components fortifying
the aroma (Feuillat, 2003) and modifying the aromas intensity and volatility (Caridi,
2006). The interactions involve either the protein or the polysaccharide fractions
(Charlier et al., 2007). The volatile properties of the aroma compounds can be modified
by hydrophobic interactions with the mannoproteins, as a consequence the olfactory
properties are modified, as well.

Lees contact promotes an indirect effect on the aromatic properties of wine since the
clarification and stabilization treatments can decrease the mannoprotein content up to
30%. Both the adsorbed aromatic and the coloured molecules are lost by such
winemaking practices with detrimental effects on the colour intensity and flavour
perception. The mannoproteins addition can contribute to the aroma maintenance, in
particular the notes of minerals, smoke and ageing in oak barrel are predominant. This
effect was explained by the volatility decrease of floral, fruity and green aromas.
Moreover, the sweet and roundness perception increases since one month after the
commercial mannoprotein addition (Guadalupe et al., 2007).

Studies conducted by Lubbers et al. (1994) showed the interaction between
mannoproteins and aromas occurred in presence of yeast extract ranges from 1 g L to
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10 g L-1. The yeast cell-wall with higher content of mannoproteins and lipids has a
higher aroma adsorption capability; therefore the yeast cell-wall composition has to be
carefully evaluated in order to minimize the aromatic losses.

1.4.2.5 Stimulation of malolactic bacteria

The S. cerevisine mannoproteins can improve the growth of the malolactic bacteria,
decreasing the lag phase and increasing the biomass (Guillox-Benantier et al., 1993).
Moreover, some bacterial enzymatic activities, as glycosidase and peptidase, are
enhanced and the nutrients content of medium is increased (sugars, peptides, amino
acids). In particular, Oenococcus oeni is stimulated on the presence of peptide fractions
having molecular weight lower than 1 kDa. The bacterial growth is favored by the use
of fresh yeast versus active dried yeast; the latter increases the concentration of some
amino acids (i.e. glutamic acid, arginine and isoleucine), necessary for the bacteria
growth (Guillox-Benatier & Chassagne, 2003).

During the alcoholic fermentation, the mannoproteins released is affected by the initial
content of colloids in must. They affect the fatty acids (Ci-Cis) formation. A high
colloids content in must depresses the mannoproteins released by the yeast and the
content of fatty acids is higher; this can cause a slow down in malolactic fermentation
(Guillox-Benantier et al,, 1995). Mannoproteins can absorb the fatty acids in the
medium preventing their toxic action on the malolactic bacteria (Caridi, 2006). The
malolactic activity is favored by the interactions between mannoproteins and fatty
acids; a high content of mannoproteins also leads to a rapid malic acid degradation
(Guillox-Benantier et al. 1995).

1.4.2.6 Effects on sparkling wine

The YCWF contribute to the flocculation of the yeast employed for the sparkling wine
production. The Champenoise method involves the re-fermentation in bottle followed
by the spontaneous yeast lysis occurring along with the wine ageing. Higher content of
mannoproteins can be released in wine by yeast strains capable to produce and/or
release high amounts of mannoproteins or by the addition of 3-1,3 glucanase. The wine
obtained is characterized by more oxidized and acidic taste but also more mature in
less ageing time (Feuillat, 2003; Caridi, 2006).

The amphiphilic behavior of the mannoproteins allows positive effects on the foaming
properties in sparkling wines. They can increase both formation and stability of the
foam (Nunez et al., 2006).

1.4.2.7 Adsorption of volatile phenols

The presence of the volatile phenols, as ethyl phenols, in wine is due to the
Brettanomyces bruxellensis metabolism. These compounds bring to the off-flavour
known as “Brett character”, described as horse sweat, pharmaceutical, wet wool
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(Chatonnet et al., 1992). Volatile phenols concentration higher than 600 pug L' can be
detrimental for the wine flavour, strictly correlated to the wine and the individual
perception capacity (Loureiro & Malfeito-Ferreira, 2003).

Mannoproteins can reduce the 4-ethylphenol content by sorption. The sorption occurs
at the surface of the yeast cell wall, as the result of coupling effect of surface
hydrophobicity and electron donor character. This function is strain-dependent and it
can modify in relation to the environmental conditions (ethanol concentration, pH).
The yeast strain, the mannoproteins extraction and drying method are the main factors
affecting the volatile phenols sorption (Pradelles et al., 2008). The active dried yeast as
well as the yeast lees can sorb 4-ethylguaiacol and 4-ethylphenol in synthetic medium
and in wine (Chassagne et al., 2004).

1.4.2.8 Removal of reduced odours

The reduced odour related to some mercaptans (Table 1.2) can rise from the yeast
metabolism, the vineyard treatments, the Strecker reaction as well as from white wine
exposition to the light. These compounds can alter in particular the aroma of white
wine.

Different procedures can be followed to prevent the formation of these off-flavours
such as appropriate addition of sulfur dioxide in must and wine, appropriate choice of
the yeast strain, must clarification, racking, aeration, readily assimilable nitrogen
content in must.

In reductive conditions process, the marcaptans are easily formed. The exposure of
wine to oxygen allows the oxidation of mercaptans and the formation of disulfide
bridges, as represented as follows (Lavigne & Dubourdieu, 1996):

Ri1-CH>-SH
+ O2 ——» Ri-CH2>-5-5-CH>- R2 + H20
R2-CH»2-SH

The resulting compound has a higher molecular weight, boiling point and perception
threshold.

Perception threshold

Thiol Compound ug L-1 Descriptors
o Sulfide hydrogen 0.8 rotten eggs
L"”;hl;‘)’l’;mg Methanethiol 0.3 putrid
Ethanenthiol 0.1 onion
) . Dimethyl disulfide 2.5 asparagus
ngtZ;(l)?los ilig 2-mercaptoethanol 130 burnt rubber
Methionol 1200 cabbage

Table 1.2: Perception thresholds and aromatic descriptors of some thiol compounds producing
the reduced odour in wine (Riberau-Gayon et al., 2006).
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Yeast lees contain cysteinyl thiols able to bind the soluble mercaptans and to decrease
the concentration of the sulthydryl compounds responsible of the reduced odour
(Lavigne & Dubourdieu, 1996). Barrel ageing on the lees is a traditional practice which
allows detrimental mercaptans to be removed from the wine by such reaction. The lees
addition in barrique as well as the wine maintenance on the yeast lees limit the thiols
off-flavours formation and accumulation. The yeast lees lose the ability to produce
sulthydryl compounds in a few days due to the inactivation of the sulfite reductase
enzyme exerted by the ethanol (Riberau-Gayon et al., 2006).

The protection exerted by mannoproteins against the mercaptans in wine causes the
decrease of the mercaptans content and, at the same time, the protection of the varietal
aromas (Lavigne & Dubourdieu, 1996). The presence of glutathione can carry out a
synergic activity with the mannoproteins in protecting the wine aroma, limiting the
formation of the atypical wine ageing compounds, as sotolon and 2-
aminoacetophenone.

The disulfide bridges formation between the cysteinyl group and the mercaptan thiol
can be enhanced by the ion copper (Cu?*) present in wine, as indicated in the reaction
as follows (Vessorot et al., 2003):

2CHs3-SH + 2Cu?* —» CH3-5-5-CHs + 2Cu* + 2H*
The mechanisms involving the ion copper in the reaction protein cysteinyl-mercaptan
thiols are:

- the ion copper is directly involved in the disulfide bridge formation (Figure 1.9);

- the ion copper can form insoluble complex, as in the following reactions:

e Cu+nCH:SH — [Cu(CHsSH)n]*
e CH:SH + Cu* — CHsSCu +H*

The ion copper could play an essential role in removing the thiols off-flavours.
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Figure 1.9: Chemical reaction proposed to explain the interactions between protein cysteinyl
group and mercaptans thiol in presence of ion copper (Vesserot et al., 2003).

1.4.2.9 Adsorption of ocratoxin A

The ocratoxin A (OTA) is a mycotoxin produced by Aspergillus and Penicillum species.
The must and wine contamination is mainly due to A. carbonarius which grow under
incorrect cellar sanification and climatic conditions; it can be found particularly in the
Mediterranean regions.

OTA is a cancerogenic, hepatotoxic and nephrotoxic mycotoxin;, the maximum
ingested amount allowed for the human health is 100 ng/kg body weigh weekly (FAO,
2001). The maximum admissible limit in wine is 2 ug L, imposed from the vintage
2005 (UE Regulation n® 123/2005).

The OTA degradation mechanisms operated by yeast and bacteria are not well known;
it is known the OTA removal is carried out either by the yeast or by the lactic bacteria
and it is strain dependent. S. cerevisiee and S. bayanus can reduce the OTA
concentration probably by adsorption on the cell-wall fractions (Bejaoui et al., 2004).
The adsorption efficiency is correlated to the exposure of the yeast proteins to the heat
which can probably increase the number of the available hydrophobic sites for the
interaction with the mycotoxin as a result of the protein denaturation (Nufiez et al.,
2007). Besides the yeast protein addition, the OTA removal can be carried out using the
bleaching carbon, through the ageing on the lees and the microfiltration. The bleaching
carbon can reduce the OTA content (85-90%) and it has not negative effects on the
colour and aroma content except in white wine, it adsorbs few fruity lipophlic aromas
(Gambuti et al., 2005; Garcia-Moruno et al., 2005). This bleaching carbon addition is not
allowed in red wine. The lees mannoproteins have absorption behavior toward the
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OTA in wine (Caridi, 2006). The OTA concentration can decrease until 70% in 7 days
after lees addition. The decrease is lower using lees deriving from red wine, probably
for the OTA-phenols competition on the cell wall surface sites (Garcia-Moruno et al.,
2005). Microfiltration is a process widely applied for the wine and it allows the
concentration of OTA to decrease up to 80% (Gambuti et al., 2005). The ageing on the
lees and the microfiltration could be a useful tool to remove the OTA from wine: since
the mycotoxin is absorbed on the mannoproteins, it is removed with the yeast debris.

14210  Antioxidant properties

The cysteinyl residues on the mannoproteins can exert antioxidant property (Jaehrig et
al., 2007; Gallardo-Chacoén et al., 2010), similarly to the antioxidant property already
described for the glutathione (Paragraph 1.2.3.1).

The compounds having sulthydryl groups in their structure can reduce the quinones,
limiting the polymerization reactions and so the browning phenomena (Cheynier et al.,
1990; Singleton et al., 1985). The cysteinyl thiols can bind to the oxidized caffeic acid,
originating the 2-S-cysteinyl caffeic acid (Figure 1.10) (Bassil et al., 2005). This molecule
is an antioxidant compound through the hydrogen atom liberation of the phenyl
hydroxyl group. The cysteinyl sulfur reduces the dissociation energy of the hydroxyl
group and the link is much weak (Bassil et al., 2005).

The mannoproteins can decrease the wine browning during the ageing and the shelf-
life, the loss of grape varietal thiols and the slow down formation of sotolon, which is
the major compound responsible of the atypical white wine ageing.

Nevertheless, little is known about the content of the antioxidant compounds, such as
cysteinyl thiols, coming from protein, GSH in mannoproteins and YCWF commonly
used, such as lysates, hulls and yeast extracts.
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Figure 1.10: Reaction between caffeic acid and the cysteinyl group (Bassil et al., 2005).

1.43  Mannoprotein extraction

Yeast mannoproteins can be extracted by enzymatic treatments with glucanase,
chelating agents (EDTA), dissociating and reducing agents (dithiothreitol, DTT),
detergents (sodium dodecil sulphate (SDS) and (3-mercaptoethanol), high temperature,
mechanical treatment (French press) (Dupin et al., 2000a). The extraction methods with
chemical compound are commonly use in laboratory scale, while the physical
treatments are carried out to obtain these food additives industrially. The combined
use of EDTA or DTT and glucanase allows a high extraction yields. The use of
detergents, as hot SDS and [-mercaptoethanol, allows the mannoproteins linked to the
cell wall through disulphide bridges and hydrogen bridges to be extracted (Bony et al.,
1997). After the extraction, the mannoproteins are stirred, purified through affinity and
ionic exchange chromatography and dried.

On industrial scale, the extraction is mainly performed by the 3-1,3 glucanase enzymes
which increase the cell wall degradation rate. The enzymes are from fungi (Trichoderma
harzianum) or bacteria (Arthrobacter luteus). The lysis is conducted at pH values ranging
from 4 to 10 and at 40-70°C for 1-24 hours (Lankhorst, 2006a; Lankhorst, 2006b). The
heat treatment is also used: the yeast is treated at 138°C for 2 hours in citrate buffer at
pH 7, centrifuged and the supernatant containing the mannoproteins is dried
(Bertrand, 2003). The drastic heating conditions increase the Maillard reaction which
can alter the colour and the structure with losses of positive oenological properties
(Finot et al., 1981; Mauron, 1981). It starts with a condensation reaction between the
carbonyl group of a reduced sugar and a free amino group of a protein or amino acid.
The first stable molecule obtained is known as the Amadori compound. This molecule
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has a negative sensorial effect described as toasted, caramelized (Finot et al., 1981;
Mauron, 1981). This reaction can be continued by the Strecker degradation and the
development of melanoidins responsible for the nitrogenous brown compounds. The
furosine index showed to be an useful tool to evaluate the intensity of the Maillard
reaction in food (Resmini et al., 1993; de Noni & Pagani, 2010). The furosine is one of
the products obtained under controlled acid hydrolysis at high temperature of the
Amadori compound (Finot et al., 1981; Mauron, 1981).

1.5  Analytical methods

Several analytical methods are described in literature for the thiols quantification
either in proteins, from biological system and insoluble, or on grape, in must and wine.
The thiols quantification carried out after a derivatization can be conducted by UV or
fluorescence detector. No derivatized thiols are identified by mass spectrometry or
atomic adsorption spectrometry.

1.5.1  Thiols quantification in proteins

The Ellman method is largely used for the thiol quantification in protein (Ellman,
1959). It is based on the reaction between the thiol groups with the 5,5'-dithiobis-2-
nitrobenzoic acid (DTNB). The products formed are a disulfide compound and the 5-
thio-2-nitobenzoic acid (TNB-), which is a yellow cromophor molecule adsorbing at 412
nm wavelength (Figure 1.11). This analytical method is fast and easy-to-apply. It
allows the quantification of the overall concentration of the thiol groups in the solution
but it is not selective and the quantification of a single thiol compound is not possible.
The Ellman method found widely application for the thiols determination in biological
proteins which are usually water or buffer soluble (Patsoukis & Georgiou, 2004; Rogers
et al., 2006; Scampicchio et al., 2007).

s— S—SR
RSH S ——— +
Hoeoc cooH COOH COOH
NO, NO
: NO, NO,
DTNB TNSB TNB

Figure 1.11: Principle of the Ellman reactant (Ellman, 1959).

The thiol quantification for insoluble proteins could be carried out as described by Kin-
Yu and Wassermann (1993). The method was applied for the insoluble cereal proteins
and it could find applications also for the thiols quantification in insoluble YCWF, as
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hulls and lysates. The method is also based on the thiol compounds determination by
the Ellman reagent, as described above. The proteins were dissolved in a buffer
containing denaturing agents such as EDTA and SDS, in order to allow the reaction
between the DTNB and the protein cysteinyl residues.

The protein thiols quantification can be also carried out using the monobromobimane
(mBB) as derivatizing compound. After the derivatization, the thiols could be
separated and quantified by high-performance liquid chromatography (HPLC). The
analysis allows the identification of soluble thiols, as Cys, GSH, and protein thiols
(Cotgreave & Moldéus, 1986; Fahey & Newton, 1995; Perez-Rama et al., 2005;
Petrotchenko et al., 2006). This derivatizing compound was used for biological protein.
Moreover, the mBB has low specificity and unknown peaks could appear in the
chromatogram; its can react with other nucleophilic compounds, such as amines. This
derivating compound requires the separation and the identification of all the protein
fractions (Fahey & Newton, 1995). The mBB is photodegradable: reaction and HPLC
analysis have to be carried out as fast as possible, otherwise the thiol content could be
underestimated even of the 50% for the high instability of mmB and its reaction
adducts (Radkowsky et al., 1986).

1.5.2  Glutathione quantification in must and wine

Several analytical methods are described in literature for the quantification of GSH on
grape, in must and wine using different analytical techniques.

GSH was quantified after a treatment with glutathione reductase enzyme in white
wine (Cassol & Adams, 1995). In grapevine tissues, the GSH was derivatized with
DTNB after the enzymatic treatment and the detection was performed
spectrophotometrically at 412 nm (Adams & Liyanage, 1991). The determination of
total GSH could be performed after the enzymatic treatment which allows the
breakdown of disulfide bridges.

The GSH could be derivatized pre-column with o-phthalaldehyde and quantified by
HPLC; the detection was than conducted by fluorescence (Park et al., 2000b; Janes et
al., 2010).

The use of the fluorescence detector allowed the GSH quantification after
derivatization with 2,3-naphthalenedialdehyde (NDA), as described by Marchand and
de Revel (2010). The technique involved the pre-column derivatization and the
separation by HPLC. The determination of oxidized glutathione was also allowed by
enzymatic treatment with glutathione reductase.

The fluorescence detector was employed for the GSH determination after its
derivatization with monobromobimane (mBB); the reaction adduct was identified by
capillary electrophoresis (Lavigne et al, 2007). As described above, the mBB is
photodegradable and a GSH content underestimation could occur (Radkowsky et al.,
1986).
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The method proposed by du Toit et al. (2007) was based on liquid chromatography
coupled with a mass spectrometry detector (LC-MSMS). The determination of reduced
and oxidized glutathione was allowed in the same run. The ethanol present in wine
had to be removed prior the analysis and this step could cause an underestimation of
the GSH content.

Recently, an analytical method for the GSH quantification was developed using the
atomic adsorption spectrometry (Bramanti et al., 2008). The method is based on the
reactivity of the mercury toward the thiols.

These analytical methods are hardly applicable for the routine analysis which are
performed in enological laboratory either for the availability or for the cost of the
instruments employed as well as for the detector. Moreover, some of these analytical
techniques require highly qualified staff which is an extra cost for the cellars or the
analytical laboratories.
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2 AIMS OF THE STUDY

This PhD research was aimed to evaluate the antioxidant properties of some
commercial yeast cell wall fractions, comprehending mannoproteins, hulls, lysates and
extracts. The antioxidant activity is correlated to the thiol compounds content, such as
cysteine, free and linked to the proteins, and reduced glutathione. The thiols
quantification was first approached by the method proposed by Ellman (1959) for the
biological proteins, but the commercial yeast fractions produce yellow coloured
solutions. Moreover, some of them are insoluble and the analytical response is not
repeatable. Similar problems occurred with the analytical procedure proposed for the
insoluble proteins (Kin-Yu Chan & Wasserman, 1993). The development of a novel
analytical method applicable either for soluble or for insoluble yeast preparations was
requested in order to identify and quantify the thiol compounds of some enological
adjuvants. This method allowed the separation and identification of cysteine, free and
linked to the proteins, and reduced glutathione by high performance liquid
chromatography (HPLC) and UV detection.

Some commercial yeast cell-wall fractions were characterized through their cysteinyl
thiol content. The heat damage was also evaluated and it was correlated to the
antioxidant properties. It was quantified by the furosine index (Resmini et al., 1990), in
order to understand the eventual influence of the industrial preparation on the thiols
content of the yeast cell-wall fractions.

The same analytical approach employed for the yeast cell-wall fractions was validated
for the reduced glutathione quantification in grape juice, must and wine. The
preparation of grape juice sample was developed and a few devices were necessary for
the must and wine sample preparation. The glutathione level was monitorated during
several winemakings conducted in real condition process in order to understand what
parameters and technological phases could affect its content before, during and at the
end of the alcoholic fermentation.

The antioxidant properties of GSH were investigated in correlation to the sulfur
dioxide, oxygen and the main phenol compounds content in white wine. The oxidation
rate was evaluated to deepen the interactions between phenols, glutathione, sulfur
dioxide and oxygen occurring during the white wine ageing and the shelf-life. Several
researches were conducted for a better comprehension of the reaction mechanisms
involving glutathione and phenols in model wine solution (Singleton, 1987; Cheynier
et al., 1988; Cheynier et al., 1989; Danilewicz, 2007) and wine (Singleton et al., 1985;
Singleton, 1987; Danilewicz et al., 2008), but none of them regarded the interactions
between sulfur dioxide, glutathione, phenols and oxygen in white wine. For this
purpose, two different experiments were carried out on Sauvignon blanc wine to
evaluate the caffeic acid and phenols oxidation.

39



Daniela Fracassetti Investigation on cysteinyl thiol compounds from yeast affecting wine properties
PhD in Molecular Sciences and Plant, Food and Environmental Biotechnology, Universita degli Studi di Milano

2.1 References

Cheynier V et al.,, 1988, Oxidation of grape juice phenolic compounds in model
wine solution. ] Food Science 53:1729-1732.

Cheynier V et al., 1989, Mechanism of trans -caffeoyltartaric acid and catechin
oxidation in model solutions containing grape polyphenoloxidase. ] Agric Food Chem
37:1069-1071.

Danilewicz JC et al., 2008, Mechanism of interaction of polyphenols, oxygen, and
sulfur dioxide in model wine and wine. Am ] Enol Vitic 59:128-136.

Danilewicz JC, 2007, Interaction of sulfur dioxide, polyphenols, and oxygen in a
wine-model system: central role of iron and copper. Am ] Enol Vitic 58:53-60.

Ellman GD, 1959, Tissue sulfydryl groups. Arch Biochem Biophys 82:70-77.

Kin-Yu Chan, Wasserman B, 1993, Direct colorimetric assay of free thiol groups and
disulfide bonds in suspensions of solubilized and particulate cereal proteins. Cereal
Chem 70:22-26.

Resmini P et al., 1990, Accurate quantification of furosine in milk and dairy
products by direct HPLC method. It ] Food Science 3:173-183.

Singleton VL et al., 1985, Caftaric acid disappearance and conversion to products of
enzymic oxidation in grape must and wine. Am J Enol Vitic 36:50-56.

Singleton VL, 1987, Oxygen with phenols and related reactions in musts, wines, and
model systems: observations and practical implications. Am J Enol Vitic 38: 69-77.

40



Daniela Fracassetti Investigation on cysteinyl thiol compounds from yeast affecting wine properties
PhD in Molecular Sciences and Plant, Food and Environmental Biotechnology, Universita degli Studi di Milano

3  RESULTS AND DISCUSSION

3.1 Antioxidant properties evaluation of yeast cell-wall fractions

The evaluation of the antioxidant properties of 14 commercial yeast cell-wall fractions,
like mannoproteins (4), hulls (4), lysates (4) and extracts (2) were evaluated, as well as
of 16 active dried yeasts. The antioxidant properties were related to the thiol
compounds quantification, which were correlated with the heat damage.

A novel analytical approach was developed for the thiols determination of these
preparations and an analytical method was validated, excluding the influence of some
interferences, such as disulfide bridges and carbohydrate content, in the analytical
response.

3.2  Materials and methods

3.2.1 Chemicals

Cysteine (Cys), 3-mercaptopropionic acid (3MPA), p-benzoquinone (pBQ) and
potassium metabisulfite (K25:05) were purchased from Fluka (Switzerland). Reduced
glutathione (GSH), 5,5’-dithiobis-2-nitrobenzoic acid (DTNB), guanidine, sodium
dodecyl sulfate (SDS), starch, caffeic acid and trifluoroacetic acid (TFA) were from
Sigma-Aldrich (St. Louis, MO). Boric acid was purchased from Carlo Erba (Milan,
Italy). Tris-HCl and urea were from Plus One, Pharmacia Biotech AB (Upsala,
Sweden). Citric acid was purchased from J. T. Baker (Phillipsburg, NJ). HPLC grade
methanol was purchased from Panreac (Barcelona, Spain), and HPLC water was
obtained by Milli-Q system (Millipore Filter Corp., Bedford, MA).

3.2.2  Yeast cell wall fractions

3.2.2.1 Samples

The following commercial samples of yeast fractions for oenological use supplied by
six different producers as dried products with unknown compositions were evaluated:
4 mannoproteins, 4 hulls, 4 lysates, and 2 extracts. Additionally, 16 commercial dry
yeast starters employed in winemaking were evaluated: 11 strains were from
Lallemand Inc. (Ontario, Canada), and 5 strains were from Dal Cin (Milan, Italy).

3.23  Determination of thiol compounds by the Ellman’s method

The thiol compounds were quantified through the derivatization with 5,5 -dithiobis-2-
nitrobenzoic acid (DTNB), as described by Ellman (1959).
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3.2.3.1 Derivatization in boric acid buffer

The derivatization was carried out as follows: the sample, at concentration ranging
from 20 g L' to 50 g L, was dissolved in a boric acid buffer 0.3 M at pH 8. Two mL of
sample was drawn and the derivatization was conducted adding 100 uL of DTNB 20
mM dissolved in water. The reaction mix was read by the spectrophotometer at 412
nm after one minute shaking. The blanc was prepared with 2 mL of boric acid buffer
0.3 M at pH 8 and 100 pL of DTNB 20 mM.

3.2.3.2 Derivatization in potassium phosphate buffer

The derivatization was carried out as follows: the sample, at concentration ranging
from 20 g L' to 50 g L', was dissolved in a potassium phosphate buffer 0.1 M at pH
7.4. The buffer was added with guanidine 8 M if the analyzed sample was a protein.
Two mL of sample was drawn and the derivatization was conducted adding 100 puL of
DTNB 20 mM dissolved in water. The reaction mix was submitted to the
spectrophotometric evaluation at 412 nm after one minute shaking. The blanc was
prepared with 2 mL of potassium phosphate buffer 0.1 M at pH 7.4 and 100 pL of
DTNB 20 mM.

3.2.3.3 Derivation in denaturizing buffer

The method was applied for the thiols quantification in insoluble cereal proteins (Kin-
Yu Chan & Wasserman, 1993). The derivatization was conducted as described as
follows: the sample (50-100 g L) was weighted in a small tube (2 mL) and it was
dissolved in a buffer contained DTNB 10 mM, urea 8 M, EDTA 2 mM, Tris-HCl 0.2
mM and SDS 1% (reaction buffer). The sample was left under nitrogen flow in a dark
place at room temperature for the following incubation times: 30 minutes, 45 minutes,
60 minutes and 75 minutes. The sample was centrifuged at 14000 rpm in a
microcentrifuge. Two hundred microliters were drawn and diluted in 1.8 mL of a
buffer prepared with urea 8 M, EDTA 2 mM, Tris-HCl 0.2 mM and SDS 1% (dilution
buffer) and the spectrophotometric reading was carried out at 412 nm after shaking.
The blanc was prepared with 1.8 mL of dilution buffer and 200 pL of reaction buffer.

3.24  Quantification of thiol compounds derivatized with p-benzoquinone

3.2.4.1 Sample preparation

The insoluble samples were treated as described by Tirelli et al. (2010): at least 50 mg of
insoluble sample (active dried yeasts, yeast hulls, and yeast lysates) were dispersed in
50 mM of citrate buffer, pH 5.0, to obtain a 2 mL suspension with sample
concentrations in the range 20-100 g L. The dispersed sample was centrifuged at 5000
x g for 15 min at 15°C by a thermostatted centrifuge (Sorvall, Thermo). The
supernatants were diluted 1-10 fold, and 2 mL was submitted to derivatization. The
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precipitated material was re-suspended in 5 mL of 50 mM citrate buffer, pH 5.0, and
submitted to the derivatization reaction. One milliliter of the derivatized suspension
was centrifuged at 14000 rpm for 5 min at 25°C by a thermostatted benchtop centrifuge
(Hettich), and the supernatant was submitted to HPLC separation. To recover the
derivatized 3MPA potentially adsorbed on the insoluble yeast fraction, the precipitated
material was rinsed with 2 mL of 0.1% hydrochloric ethanol as described by
Ummarino et al. (2001), carefully re-suspended, and centrifuged at 14000 rpm for 5
minutes. The supernatant was dried under vacuum, re-dissolved in 1 mL of water, and
injected into HPLC.

Mannoproteins and yeast extract samples were prepared by dissolving 100-200 mg of
sample in 2 mL of 50 mM citrate buffer, pH 5.0. The solution was derivatized and then
ultrafiltered using 3 kDa cutoff Microcon membranes (Millipore) at 14000 rpm for 100
min at 25°C by the thermostatted benchtop centrifuge. The permeate was submitted to
HPLC separation. The retentate was added with 1 mL of 0.1% hydrochloric ethanol
and centrifuged at 14000 rpm for 5 min. The supernatant was dried under vacuum,
and the dried material was re-dissolved in 500 uL of water before the HPLC
separation.

Each sample was analyzed at least in duplicate.

3.2.4.2 Derivatization of thiol compounds with p-benzoquinone

The derivatization of GSH and Cys was conducted as described by Tirelli et al. (2010):
2 mL of the samples were added to 100 puL of 400 uM pBQ dissolved in methanol.
After 1 minute mixing, 1 mL of 500 uM 3MPA in 0.3 M citrate buffer pH 3.5 was added
in order to remove the exceeding pBQ.

3.2.4.3 Calibration curve

The calibration curve were prepared diluting a solution containing Cys and GSH at
concentration levels in the range 0 pM to 100 uM in citrate buffer 50 mM at pH 5. The
standards derivatization was carried out as described as above (Paragraph 3.2.4.2).

3.2.4.4 Evaluation of matrix effects on the thiols determination

One sample of yeast lysate (L2) containing GSH and protein Cys was assayed with or
without addition of 30 g L or 80 g L' of amylase or caramelized amylose in order to
evaluate possible interferences arising from high polysaccharide contents. The
caramelization was obtained by exposing 2 g of amylose suspended in 2 mL of 0.1%
HCl at 110°C for 24 h.

Interference of protein disulfides (cystine) was evaluated by submitting the L2 sample
dispersed in a solution 5 g L! of lysozyme prepared in 50 mM citrate buffer at pH 5.0,
to protein Cys evaluation.

43



Daniela Fracassetti Investigation on cysteinyl thiol compounds from yeast affecting wine properties
PhD in Molecular Sciences and Plant, Food and Environmental Biotechnology, Universita degli Studi di Milano

3.2.4.5 Precision parameters

The repeatability of the Cys residues was assessed by assaying one sample of yeast
hulls and two samples of yeast lysates to five determinations each. The response
linearity of the method was evaluated for reduced protein cysteine (RPC)
concentrations up to 180 uM by dispersing 27-100 g L' of a yeast hull sample
containing 0.18 mmol RPC/100 g product in the 50 mM citrate buffer. The response
linearity of the method for higher RPC concentrations (210-800 uM) was attained by
analyzing dispersions (10-40 g L) of a yeast hull sample containing 2.1 mmol RPC/100
g product.

3.2.4.6 High-performance liquid chromatography (HPLC) analysis

The HPLC separation was performed by a hexyl-phenyl column (250 x 4.6 mm, 1104,
Phenomenex). Eluents were water/trifluoroacetic acid 0.05% (v/v) and methanol; the
concentration of the latter increased from 10% to 35% of methanol in 18 minutes in the
eluting gradient (Table 3.1). The column temperature was 25°C and the injection
volume was 50 pL. Detection was carried out by spectrophotometry at 303 nm. The
flow rate was 1 mL/min.

Time (min) A% B% Slope

0.0 90.0 10.0 6
1.0 90.0 10.0 6
18.0 65.0 35.0 6
18.5 0.0 100.0 6
21.0 0.0 100.0 6
21.5 90.0 10.0 6
36.0 90.0 10.0 6

Table 3.1: HPLC separation gradient for thiol compounds derivatized with p-benzoquinone.
Eluent A: water/trifluoroacetic acid 0.05% (v/v); eluent B: methanol.

3.2.4.7 HPLC/Electrospray lonization-Mass Spectrometry (ESI-MS)

For MS detection of the hydroquinone substitutes, the LCQ Deca XP spectrometer,
controlled by the Excalibur software (Thermo Finnigan, San Jose, CA), was operated in
positive ion mode. A post column flow splitter was used to introduce 1:15 of the HPLC
flow stream into the ESI source. The ESI interface and the ion optics settings were as
follows: spray potential, 5.0 kV; nebulization gas (nitrogen) relative flow value, 10;
capillary temperature, 275°C; and cone voltage, 30 V. Full-scan mass spectra were
acquired scanning the range 50-800 m/z. Mass accuracy was ensured by calibration
with a mixture of caffeine, reserpine, and the tripeptide PFK (in methanol:water 1:1,
0.1% acetic acid) infused separately.
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3.2.4.8 Quantification of thiol compounds content

Cys and GSH were quantified chromatographically by the external standard method
in both the soluble and the insoluble fractions. The concentration of cysteine linked to
the protein in the commercial preparations was calculated as follows:

[Cysp‘rot] = [pBQ] - ([Cysfree] + [HQ] + [GSH] + [3MPAderivatized])

Where:

[pBQ]: concentration of pBQ used for the derivatization;

[Cys]: concentration of Cys quantified chromatographically;

[GSH]: concentration of GSH quantified chromatographically;

[BMPA-HQ]: concentration of S-3-mercaptopropionyl-hydroquinone quantified
chromatographically;

[pPHQ]; concentration of the underivatized hydroquinone quantified
chromatographically.

3.25  Quantification of protein content

The quantification of the protein content was determined using the Kjeldahl method,
as described in the regulation ISO 8968-1 | IDF 20-1: 2001.

The procedure is indicated as follows: 200 mg of yeast preparation were hydrolyzed in
8 mL HCI 8N at 110°C for 23 hours. Three mL of the filtered hydrolyzed sample were
drawn and about 10 mg CuO (a spatula tip) as reaction catalyst, 15 mL H2504 0.1 M
and a spatula tip of K2SOs were added. The sample was boiled until its colour changed
from dark brown, to limpid green. The ammonium ions dissolved in the solution
obtained was added with concentrated NaOH up to pH 14 and stripped by steam into
a 8 mL H250: 0.05 N solution and phenolftalein as reaction indicator. The acid distilled
sample was titrated with NaOH 0.05 N until the colour becomes green-grey from pink-
violet.

The protein content was calculated as follows:

Total protein (mg) = [(mL H,SO, X F1) - (NaOH X F2)] XN X 14 X 6.25 X 8/3

Where:

F1: factor of H2504solution, concentration dependent (H2504 0.05 N = 0.995);
F2: factor of NaOH solution, concentration dependent (NaOH 0.05 N = 0.997);
N: normality titrant;

14: nitrogen molecular weight;

6.25: conversion factor from nitrogen to protein;

8/3: dilution factor.
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3.2.6  Quantification of furosine content

The quantification of the furosine content was determined as described in the
regulation ISO 1832-9 | IDF 19-3: 2004.

The procedure is indicated as follows: 0.5 mL of filtered hydrolyzed (Paragraph 3.2.5)
was purified on SPE cartridge C18 and eluted with 3 mL water.

The furosine was determined by HPLC, as described by Resmini et al. (1990). The
separation was carried out on C8 furosine-dedicated column (250 x 4.6 mm, 5 um,
Grace). Eluents were water/acetic acid 0.4% (v/v) and 3 g L potassium chloride/acetic
acid 0.4% (v/v); the concentration of the latter increased from 0% to 50% of methanol in
19.5 minutes in the eluting gradient (Table 3.2). The column temperature was 30°C and
the injection volume ranged from 20 pL to 50 pL. Detection was carried out by
spectrophotometry at 280 nm. The flow rate was 1.2 mL/min.

The furosine index (FI) was calculated as follows:

1 d M 8
X— X=X —X
V F 10 4xm

c
FI = At X ﬁ
Where:

At: area value of the furosine peak;

c: furosine concentration in standard solution expressed in pmol;
Af: area value of standard furosine peak;

V: injection volume;

d: dilution factor for the purification;

F: recovery factor of the SPE cartridge C18;

M: furosine molecular weight (254);

m: protein content expressed in mg.

The furosine content was expressed as mg of furosine in 100 g of proteins.

Time (min) A% B% Slope
0.0 100.0 0.0 6
12.5 100.0 0.0 6
19.5 50.0 50.0 6
22.0 50.0 50.0 6
24.0 100.0 0.0 6
32.0 100.0 0.0 6

Table 3.2: HPLC separation gradient for the furosine quantification. Eluent A: water/acetic acid
0.4% (v/v); eluent B: 3 g L! potassium chloride/acetic acid 0.4% (v/v)
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3.2.7  Quantification of overall cysteine

The overall cysteine was quantified trough its derivatization with Dabsyl chloride
(Figure 3.1) and identified by HPLC, as described by Krause et al. (1995).

The acid hydrolyzed obtained for the proteins quantification (see paragraph 3.2.5) was
dried under vacuum and re-dissolved in 0.15 M sodium carbonate buffer pH 8.6. Three
hundred sixty microlitres of sample was added with 400 uL dabsyl chloride 0.4% (w/v)
dissolved in acetone. The sample was left at 70°C for 1 hour, shaking it after 1 minute
and 10 minutes of incubation; its colour changed to orange. The sample was cooled in
ice for 10 minute and it was added with 800 upL of buffer containing
acetonitrile:ethanol:eluent A 2:1:1 (v/v/v). It was filtered prior the HPLC injection.

Dabsyl choride Alanine

Dabsyl-alanine

Figure 3.1: Reaction scheme of the derivatization with Dabsyl chloride.

The HPLC separation was performed by a C18 column (150 x 3.9 mm, 4 pm,
Novapack, Waters). The eluents were citric acid 9 mM added with dimethylformamide
4% and triethanolamine 0.1-0.2% prepared at pH 6.55 using NaOH 1 M (eluent A),
acetonitrile:water 80:20 (eluent B) and acetonitrile (eluent C). The column was
maintained at 50°C and the injection volume was 20 uL. Detection was carried out by
spectrophotometry at 436 nm. The flow rate was 1 mL/min and the eluting gradient is
indicated in Table 3.3.
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Time (min) A% B% C%
0.0 70.0 30.0 0.0
3.0 70.0 30.0 0.0
15.0 60.0 40.0 0.0

44.0 0.0 100.0 0.0
45.0 0.0 100.0 0.0
45.5 0.0 0.0 100.0
50.0 0.0 0.0 100.0
51.0 0.0 100.0 0.0
52.0 70.0 30.0 0.0
60.0 70.0 30.0 0.0

Table 3.3: HPLC separation gradient for the overall cysteine derivatized with Dabsyl chloride.
Eluent A: citric acid 9 mM, dimethylformamide 4%, triethanolamine 0.1-0.2%, pH 6.55; eluent B:
acetonitrile/water 80/20; eluent C: acetonitrile.

3.3 Results and discussion

3.3.1  Ellman’s method approach

The analytical method described by Ellman (1959) was widely employed for the thiols
quantification in biological system (Patsoukis & Georgiou, 2004; Rogers et al., 2006;
Scampicchio et al., 2007) because the method is both easy-to-apply and reliable for the
thiols determination. The method is based on the reaction between the thiols and the
5,5’-dithiobis-2-nitrobenzoic acid (DTNB) generating disulfide compound and the 5-
thio-2-nitobenzoic acid (TNB) (Figure 1.11). The latter can be revealed at 412 nm.

As first, the method was tested for the quantification of 3-mercaptopropanoic acid
(3MPA); the BMPA was dissolved in a boric acid (HBOs) buffer. The calibration curve
for BMPA concentration ranged from 20 uM and 200 uM gave linear response (Figure
3.2) and the method showed good repeatability (data not shown). The method was not
applicable for the determination of Cys dissolved in boric acid buffer as well as for the
YCWFE, probably for the buffer employed. Moreover, some YCWF could originate a
coloured solution and some of those preparations were insoluble. The absorbance
could be overestimated due to either the natural colour or the insolubility of the
commercial samples.
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Figure 3.2: Calibration curve of 3-mercaptopropanoic acid dissolved in boric acid buffer with
DTNB.

The procedure as above was modified changing the buffer: a potassium phosphate
(K2HPO4) 0.1 M was employed at pH 7.4. The buffer was also added with guanidine
6M; it is a denaturizing agent of the protein (Aitken et al., 2002), promoting the thiol
groups exposition and it helps the polysaccharides solubilization. This compound
could exert an essential function for the quantification of the thiols linked to the
proteins of the yeast cell-wall fractions. The calibration curve was obtained using Cys
dissolved in a potassium phosphate buffer (0.1 M, pH 7.4); the Cys concentrations
ranged from 5 uM to 40 uM gave a linear response (Figure 3.3).

Concentration (pM)
45
40 1
35
20 4 y=73,704x - 0,1314
2 R”=0,9994
20 A
15 4
10 4
5
0 T r T r T
0 01 0.2 0,3 04 0,5 06
Absorbance (nm)

Figure 3.3: Calibration curve of cysteine dissolved in potassium phosphate buffer with DTNB.

49



Daniela Fracassetti Investigation on cysteinyl thiol compounds from yeast affecting wine properties
PhD in Molecular Sciences and Plant, Food and Environmental Biotechnology, Universita degli Studi di Milano

As shown in Figure 3.2, the Ellman method was more sensitive using the potassium
phosphate buffer than with the acid boric buffer and the quantification of lower
amount of cysteine was allowed in potassium phosphate buffer. The maximum
absorbance was reached in 5 minutes after the reaction (Aitken et al.,, 2002). The
absorbance spectra were recorded for 30 minutes after the reaction and the maximum
was not achieved in 5 minutes, but the absorbance increased over the 30 minutes
registration in some mix reactions with the YCWEF. The method was not repeatable in
potassium phosphate buffer.

In order to resolve the quantification troubles due to the insolubility and the coloured
solution, the procedure described by Kin-Yu Chan and Wasserman (1993) was
followed. The method was based on the thiols quantification with DTNB in cereal
proteins, insoluble. The reaction was carried out in a buffer contained Tris-HCl, EDTA,
urea and SDS and the spectrophotometric measurement was carried after 30, 45, 60
and 75 minutes of incubation under nitrogen flow and in a dark place. The calibration
curve gave a linear response for Cys concentration values ranged from 2.5 uM to 40
uM (Figure 3.4) and the correlation coefficient was high (R?>=0.9984).

Concentration (uM)
45
40 4
354
304 v =76,518x+0,5469
2 | R*=0,9984
20 4
15
104
54
0 T T T T T
0,0 0,1 0,2 0,3 04 0,5 0.6
Absorbance (nm)

Figure 3.4: Calibration curve of cysteine according to the procedure described by Kin-Yu Chan
and Wasserman (1993).

The procedure proposed by Kin-Yu Chan and Wasserman (1993) was applicable for
samples containing 7% of protein, at least. In order to verify the method applicability
for YCWP, the sample amount corresponded to the protein concentration indicated by
the authors.

Moreover, the presence of SDS into the reaction buffer could increase the thiol
compounds reactivity. A mannoprotein and some hull samples were dissolved in a
buffer with and without SDS addition and the absorbances detected were higher in the
buffer added with SDS as shown in Figure 3.5 and 3.6.
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Figure 3.5: Comparison of thiols detected using a buffer added with SDS in a mannoprotein M2
(#) and hull H2 (=) samples.
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Figure 3.6: Comparison of thiols detected by a SDS free buffer in mannoprotein M2 (4) and hull
H2 (@) samples.

The sample could affect the reaction time: for the mannoprotein, the maximum
absorbance was detected after 75 minutes incubation, while for the hull the maximum
was reached after 30 minutes. The maximum absorbance was not repeatable and the
standard conditions for thiol content determination could not be identified.
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3.3.2  Analytical approach with p-benzoquinone

In literature the reaction between thiol group and p-benzoquinone (pBQ) is known: it
is a nucleophilic addition to an unsatured carbonyl (Jocelyn, 1972). The analytical
approach proposed was based on this reaction, as represented in Figure 3.7.

R1
o OH HN™
_R1
HN S -
+ HS R o
o)
o)
o OH

Figure 3.7: Reaction scheme between thiols and p-benzoquinone.

The thiol property to reduce quinones to thiol-substituted hydroquinones was adopted
to assess the Cys residues in the yeast cell-wall fractions (YCWEF), as it spontaneously
occurs for the o-quinones in must and wine (Salgues et al., 1986). Cys residues include
GSH, free Cys and Cys linked to the proteins. The symmetric pBQ was used as a
derivatizing agent to prevent the formation of multiple hydroquinone derivatives and
to obtain the single mono derivative for each thiol molecule. The molecular size of pBQ
is comparable to that of the o-quinones detectable in must and wine, and it can react
with the thiol residues actually accessible in the glycoprotein structures. The formation
of thiol-substituted hydroquinones was fast and stoichiometric at room temperature
and it allowed Cys and GSH to be detected spectrophotometrically as S-cysteinyl-p-
hydroquinone (Cys-HQ) and S-glutathionyl-p-hydroquinone (GSH-HQ), respectively.
The thiol derivatization procedure was followed by the addition of 3MPA (in excess) to
remove the exceeding amount of pBQ. The latter could be reduced to pHQ by
oxidation of the thiol-substituted hydroquinones to thiol-substituted p-quinones,
which are able to bind a further thiol molecule, so forming a dithiol-substituted
hydroquinone (Cilliers & Singleton, 1990). Moreover, pBQ can readily polymerize to
produce brown compounds. Such thiol-substituted hydroquinones, including S-
mercaptopropionyl-p-hydroquinone (3MPA-HQ), showed a maximum absorption at
303 nm wavelength (Figure 3.8).
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Figure 3.8: UV spectra for S-cysteinyl-p-hydroquinone (Cys-HQ), S-glutathionyl-p-hydroquinone
(GSH-HQ) and S-mercaptopropionyl-p-hydroquinone (3MPA-HQ).

The formation of Cys-HQ and GSH-HQ in citrate buffer solution/suspension
containing Cys and GSH (Figure 3.9) or yeast fractions (Figure 3.10) was confirmed by
HPLC-ESI/MS (Figure 3.11). The data obtained showed the peak eluted at 6 minute
was 230 g mol’ and the peak eluted at 8 minute was 416 g mol, corresponding to Cys-
HQ and GSH-HQ, respectively. The 3MPA-HQ was not identified in HPLC-ESI/MS,
probably because it is a non protonable molecule under the conditions adopted. The
HPLC pattern of Figure 3.9 also shows the formation of both pHQ and minor amounts
of dithio-substituted hydroquinones following the derivatization reaction. The latter
compounds were confirmed by HPLC-ESI/MS analysis; the molecular weight of 520 g
mol! and 624 g mol! were observed corresponding to dithio-substituted
hydroquinones. The exceeding amount of pBQ could be effectively removed by the
addition of sulfur dioxide, but the amount of the products obtained after such a
reaction is affected by a number of factors (Wedzicha, 1984). On the contrary, the
addition of 3MPA allows us to verify whether the amount of pBQ exceeds the content
of Cys residues and to assess the level of residual pBQ after thiol derivatization. As a
result of the developed analytical approach, the amount of the reduced protein
cysteine (RPC) was calculated by the difference between the amount of added pBQ
and the amounts of GSH, Cys, pHQ, and 3MPA-HQ chromatographically evaluated.
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Figure 3.9: HPLC separation of Cys-HQ, GSH-HQ, 3MPA-HQ and pHQ obtained from
derivatization with pBQ of standard water solutions of Cys, GSH and their mixture.
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Figure 3.10: HPLC separation of Cys-HQ, GSH-HQ, 3MPA-HQ and pHQ obtained from
derivatization with pBQ of mannoprotein sample added with Cys (M), yeast lysate (L), and
yeast hull (H).
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Figure 3.11: HPLC-ESI/MS spectra of Cys-HQ (A) and GSH-HQ (B).

The pH carries an important role on the derivatization efficiency. Assay were
performed using citrate buffer at pH 3, 5, 7 and 9 and the maximum response was
observed at pH 5 (data not shown). At the same time, the derivatization was also
checked at different pH values of the 3BMPA dissolved buffer, such as 3, 3.5, 4, 4.5 and
5; the maximum response was revealed at pH 3.5 (data not shown).
The HPLC separation was conducted using different separation columns:

e Nova-Pak C18, 4 p, 3.9 x 150 mm;

e XBridge C18, 5 1, 4.6 x 150 mm;

e PLRP-S, 3004, 5 11, 4.6 x 250 mm;

e (C6-Phenyl, 110 1&, 4.6 x 250 mm.
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he best separative performance was obtained with either with the PLRP-S column or
with the C6-phenyl column; the latter was choosen due to its higher efficiency and the
similarity between its stationary phase and the compounds formed with the
derivatization.

Because the insoluble cell wall fractions were submitted to derivatization with pBQ
after removal of the soluble Cys residues, the amount of pBQ reacted with y-glutamyl-
Cys and cysteinylglycine potentially present in yeast preparations was assumed as
negligible. Such dipeptides represent about 4% of GSH in yeast (Rao et al.,, 2010);
therefore, their contribution was not taken into account also for the MP samples where
the nonproteinaceous Cys thiols were never detected. The amounts of dithiol-
substituted hydroquinones were not included in the calculation since their values were
close to the limit of quantification (signal-to-noise ratio >10). The precision parameters
for the quantification of Cys, GSH, and RPC were assessed by analyzing one sample of
yeast hull and two samples of yeast lysates (Table 3.4). An average value of 5.4% can
be assumed for the relative standard deviation (RSD) of Cys thiol concentrations
exceeding 10 uM.

Cys GSH RPC
s4 L2 14 s4 12 L4 s4 12 L4

433 00 18 134 100 92 173 266 246

430 00 21 150 97 101 171 299 241

438 00 29 163 104 102 165 311 254

442 00 29 138 110 103 164 286 269

431 00 19 146 113 89 186 280 248

Mean 43 2.3 146 105 97 172 288 252
RSD. 12 23.4 77 64 69 51 60 42

Table 3.4: Analytical values (UM) and relative standard deviations of cysteine, glutathione and
reduced protein cysteine obtained by five replicated determinations performed on one sample of
yeast hull (54) and on two samples of yeast lysates (L2 and L4).

The calibration curves of Cys and GSH (Figure 3.12A) showed linear and similar
analytical responses for concentrations up to 100 M. Because no standard material is
commercially available for RPC quantification, the range of linear response was
evaluated in yeast hull suspensions containing RPC levels up to 800 uM. Suspensions
containing RPC amounts higher than 210 uM were prepared by dispersing 10-40 g L
of a yeast hull sample containing 2.1 mmol RPC/100 g product. Amounts higher than
50 mg were used to prepare the suspensions intended for linear response assessment,
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in order to perform representative samplings. The linear response for low (< 180 uM)
RPC concentrations was evaluated analyzing suspensions (27-100 g L) of a yeast hull
sample containing 0.18 mmol RPC/100 g product. The adopted conditions allowed
linear responses for the entire tested range (Figure 3.12B). According to the signal-to-
noise ratio, the detection limits for Cys and GSH by means of HPLC analysis were 0.30
uM and 0.26 uM, respectively. The quantification limits were 1.0 uM and 0.85 uM,
respectively for Cys and GSH.
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Figure 3.12: Calibration curves obtained from (A) standard solutions of Cys and GSH and (B)
analytical response obtained dispersing increasing concentrations of a yeast hull sample
containing 2 mmol RPC/100 g product. Data of duplicated determinations are reported.

The influence of the matrix effects arising from polysaccharides and disulfide bonds on
RPC quantification was also evaluated. The RPC determination was performed after
the addition of increasing amounts of amylose or caramelized amylose to a yeast
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lysate. No significant difference (p < 0.05) was found for RPC and GSH quantification
in the presence of either amylose or caramelized amylose (Table 3.5). Similarly, no
interference was observed due to the addition of 5 g L lysozyme, a protein containing
four disulfide bonds, was added to water solutions containing GSH or Cys (data not
shown).

Amount (mmol / 100 g sample)

Polysaccharide
added (g L) Amylose Caramelized amylose
GSH RPC GSH RPC
0 0.22-021 1.59-1.44 023-023 1.38-1.35
30 0.22-0.22 1.52 -1.56 025-0.26 1.35-1.33
80 0.21-0.22 1.57 - 1.60 027-0.28 1.38-1.35

Table 3.5: Effect of amylose and caramelized amylose on the quantification of the Cys residues in
a yeast lysate sample. Results of duplicated determinations are reported.

3.3.3  Yeast cell-wall fractions

The analytical approach was first applied to the characterization of 16 commercial
samples of oenological active dry yeasts to evaluate their natural thiols content.
Because the yeast samples tested were aimed to both effective propagation and
alcoholic fermentation, a very low intensity of Maillard reaction was expected. Indeed,
the furosine values were lower than 8 mg/100 g protein (Table 3.6) according to the
values detected in other unprocessed biological material (Ruiz et al., 2004; Cattaneo et
al.,, 2008; Morales et al., 2009), although no data are reported in the literature for active
dry yeasts. Amounts of reduced protein cysteine (RPC) in the range 0.76-1.28
mmol/100 g were detected in yeast samples as well as GSH levels up to 0.92 mmol/100
g (Table 3.6). GSH is a cytoplasmatic metabolite and it likely arises from the lysis of
yeast cells following to preparation procedures. None of the starter yeast samples
contained free Cys. The mannoprotein fractions represent about 10% of the yeast cell-
wall and they are mainly linked to the outer layer of the glucan backbone (Lesage &
Bussey, 2006), oenological glycoprotein fractions with a higher content of Cys residues
can be potentially obtained.
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Sample Protein Furosine Reducing Cys Overall Cys
GSH RPC
(g/100 g)  (mg/100 g protein) (mmol/100 )

(mmol/100 g)

1 11.3 2.7 0.92 0.76 7.1
2 11.0 0.45 0.80
3 10.5 0.71 0.86

4 12.0 3.6 0.39 0.88 6.8
5 12.0 0.73 0.89

6 10.3 7.6 0.63 0.90 6.9
7 12.0 0.77 0.91
8 12.0 0.60 0.91
9 11.2 0.83 0.91

10 13.9 7.8 0.55 0.95 4.5
11 11.0 0.45 0.96
12 9.2 0.54 0.97

13 16.9 2.3 0.58 0.99 7.8

14 13.6 6.4 0.82 1.02 7.8
15 14.9 0.58 1.05
16 11.2 0.63 1.28

Average 12.1 5.1 0.64 0.94 6.8

Table 3.6: Characterization of 16 samples of oenological dried Saccharomyces cerevisiae strains
according to their content of Cys forms (free and protein linked Cys and GSH), protein and
intensity of the Maillard reaction expressed as furosine level. Overall Cys refers to Cys + 2 x
cystine.

The commercial mannoproteins (M) samples showed levels of RPC very different from
each other. Samples M1 and M2 had the lowest Cys levels (Table 3.7). Sample M2 had
the highest furosine level, thus suggesting a strong heat damage, which agreed with
the dark brown color and the burnt odour characterizing the sample. The RPC level of
sample M4 was close to the values found in the active dry yeast samples. Overall, the
RPC levels were very lower than those needed to obtain effective antioxidant activity if
the usual amounts of mannoproteins added to wine (200-500 mg L) are taken into
account. Neither GSH nor Cys were detected in the commercial mannoproteins
samples. Surprisingly, the amount of 3MPA-HQ increased when Cys was added to
samples before derivatization. Such a behavior occurred with most of the samples not
containing free Cys and GSH, and it was likely due to the presence of oxidized phenol
aminoacids in the protein structure (Jeahrig et al., 2007). The sensorial properties of
wines containing odour-related thiols can be detrimentally affected by the addition of
mannoproteins capable of binding high amounts of thiols, like sample M4. In this
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regard, 200-400 mg L-! of such mannoproteins could deplete up to 250-500 pM of thiols
from wine. Contrarily, such mannoproteins could be usefully added to wine as an
early treatment for removing the reduced odours since they can link mercaptans, so
avoiding wine exposure to oxygen or the addition of copper sulfate. The high furosine
values of mannoprotein samples indicate a strong extent of the Maillard reaction.
These commercial mannoproteins are capable of rapidly increasing the formation of
atypical ageing-related compounds in wine. Therefore, their addition to wine to
improve colloidal and tartaric stabilities or to modify the astringency and the viscosity
can also deplete wine odours and decrease wine shelf life.

Yeast hulls (H) having a high RPC content could protect wine during barrel ageing
from the oxidative effect of micro-oxygenation. The analyzed commercial samples
presented RPC levels close to the values detected for mannoproteins as well as similar
capability to bind free Cys. The amounts of GSH and free Cys revealed in sample H4
were likely due to GSH and Cys addition during manufacturing to increase the
reducing properties of the product.

Amounts of RPC having an antioxidant effect were detected in the yeast lysates (L) L2
and L4. The latter also contained high level of GSH. The amounts of GSH detected in
samples L2 and L3 accounted for 0.8-1.2% of yeast dry weight as reported in the
literature (Rauhut, 2009). Nevertheless, their overall Cys content was about twice
higher than the level found in the dry yeast samples, and likely, an addiction of
exogenous GSH occurred. Because the cytoplasmic GSH represents about 0.5-1% of
yeast dry weight, high amounts of GSH were expected to be found in yeast extracts.
Moreover, in spite of the high value of total Cys (about 30 mmol/100 g sample), no
GSH was detected in the two extract samples, and up to 0.50 mmol Cys/100 g sample
was combined after the addition of Cys to the same samples. Such data suggest an
intense oxidation of the yeast extracts likely due to the chemical/heat damage arising
from the industrial production as supported by the high furosine values observed. A
wide range of oenological yeast fractions are commercially available, and yeast hulls,
lysates, and mannoproteins effective against wine oxidation and wine atypical aging
can be potentially obtained.
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Cys
Sample Protein Furosine Unrecovered Free GSH RPC  Overall
(g/100 g) (mg/100 g (mmol/100 g)
M1 2.86 28 <0.01 0 0 0.03 0.55
M2 10.51 254 <0.01 0 0 0 0.54
M3 9.02 62 0.04 0 0 0.03 2.3
M4 8.77 67 0.41 0 0 0.51 3.1
H1 7.48 17 0.04 0 0 0.08 3.3
H2 8.75 12 0.03 0 0 0.07 44
H3 8.87 6 0.04 0 0 0.14 3.3
H4 11.88 12 0 26 085 0.86 10.6
L1 9.96 3 0 0 045 0.73 6.9
L2 17.94 5 0 0 033 14 15.8
L3 16.84 38 0 032 46 081 12.0
L4 14.33 3 0 007 28 1.3 8.1
El 21.68 154 0.46 0 0 1.1 37.4
E2 23.87 20 0.29 0 0 0.76 25.4

Table 3.7: Characterization of commercial yeast cell-wall fractions and yeast extracts according
to their contents of free Cys, GSH, RPC and overall Cys (Cys + 2 x cystine). The protein content
and the intensity of the Maillard reaction (expressed as furosine level) are reported. The
unrecovered Cys refers to the amount of analytically missing Cys after addition of known
amounts of Cys to samples lacking non-proteinaceous Cys residues (M: mannoprotein, H: hull,
L: lysate, E: extract).

3.4 Conclusion

The data reported show that a number of such oenological samples do not have useful
reducing properties. Moreover, the technologies applied for their production are not
suitable for preserving the RPC content of the yeast fractions. On these bases, both
odour and antioxidant properties of wine could be potentially endangered by using
most of the studied samples, which cannot be considered profitable in winemaking.
The RPC content of yeasts suggests that more useful fractions could be obtained to
protect the odour-related thiols and to increase the shelf life of wine. In this regard, the
adoption of specific culture media to increase GSH and RPC contents in yeasts, the
selection of yeast strains with improved mannoprotein release properties, and the use
of specific enzymatic procedures could greatly enhance the oenological properties of
yeast cell-wall fractions.

61



Daniela Fracassetti Investigation on cysteinyl thiol compounds from yeast affecting wine properties
PhD in Molecular Sciences and Plant, Food and Environmental Biotechnology, Universita degli Studi di Milano

3.5 References

Aitken A., Learmoth M., Estimation of disulfide bonds using Ellman’s reagent.
Protein Protocols Handbook. Walker JM, eds., Humana Press Inc. Totowa NJ, 2002, pp
595-596.

Cattaneo S et al., 2008, Evaluation of some heat-treatment indices in UHT milk
marketed in Italy. Ital ] Food Sci 20:553-565.

Cilliers J], Singleton VL, 1990, Caffeic acid autoxidation and the effects of thiols. |
Agric Food Chem 38:1789-1796.

Ellman GD, 1959, Tissue sulfydryl groups. Arch Biochem Biophys 82:70-77.

Jaehrig SC et al., 2007, In vitro antioxidant activity of (1-3), (1-6)-3-D-glucan and
protein fractions from Saccharomyces cerevisiae cell wall. ] Agric Food Chem 55:4710-
4716.

Jocelyn PC, Biochemistry of the SH group. Academic Press, London, New York,
1972, pp 63-93.

Kin-Yu Chan, Wasserman B, 1993, Direct colorimetric assay of free thiol groups and
disulfide bonds in suspensions of solubilized and particulate cereal proteins. Cereal
Chem 70:22-26.

Krause I et al., 1995, Simultaneous determination of amino acids and biogenic
amines by reversed-phase high-performance liquid chromatography of the dabsyl
derivatives. ] Chromatogr 715:67-79.

Lesage G, Bussey H, 2006, Cell wall assembly in Saccharomyces cerevisiae. Microbiol
Mol Biol Rev 70:317-343.

Morales V et al., 2009, Combined use of HMF and furosine to assess fresh honey
quality. ] Agric Food Chem 89:1332-1338.

Patsoukis N, Georgiou CD, 2004, Determination of the thiol redox state of
organisms: new oxidative stress indicators. Anal Bioanal Chem 378:1783-1792.

Rao Y et al, 2010, Determination of thiols in yeast by HPLC coupled with LTQ-
Orbitrap mass spectrometry after derivatization with p-(hydroxymercuri)- benzoate. ]
Agric Food Chem 58:1462-1468.

Rauhut D, Usage and formation of sulphur compounds. In Biology of
microorganisms on grapes, in must and in wine. Kénig H, Unden GA & Frohlich J,
eds., Springer-Verlag Berlin Heidelberg 2009, pp 181-207.

Resmini P et al., 1990, Accurate quantification of furosine in milk and dairy
products by direct HPLC method. Ital ] Food Sci 3:173-183.

62



Daniela Fracassetti Investigation on cysteinyl thiol compounds from yeast affecting wine properties
PhD in Molecular Sciences and Plant, Food and Environmental Biotechnology, Universita degli Studi di Milano

Rogers LK et al., 2006, Detection of reversible protein thiol modifications in tissues.
Anal Biochem 358:171-184.

Ruiz JC et al., 2004, Furosine is a useful indicator in pre-baked breads. ] Agric Food
Chem 84:366-370.

Salgues M et al., 1986, Oxidation of grape juice 2-S-glutathionyl caffeoyl tartaric
acid by Botrytis cinerea laccase and characterization of a new substance: 2,5-di-S-
glutathionyl caffeoyl tartaric acid. ] Food Sci 51:1191-1194.

Scampicchio M et al., 2007, Electrochemical reduction of Ellman’s reagent: a novel
selective detection protocol for thiols compounds. Electroanal 23:2437-2443.

Tirelli A et al., 2010, Determination of reduced cysteine in oenological cell wall
fractions of Saccharomyces cerevisiae. ] Agric Food Chem 58:4565-4570.

Ummarino I et al.,, 2001, Interazione polifenoli-scorze di lievito, Riv Vitic Enol
54:37-45.

Wedzicha BL, Principles, properties and reactions. In Chemistry of sulphur dioxide
in foods; Elsevier Applied Science Publishers: London, 1984, pp 78-83.

63



Daniela Fracassetti Investigation on cysteinyl thiol compounds from yeast affecting wine properties
PhD in Molecular Sciences and Plant, Food and Environmental Biotechnology, Universita degli Studi di Milano

3.6  Glutathione quantification in grape juice, must and wine

The reduced glutathione (GSH) carries out several activities in grape juice, must and
wine. It is able to reduce the o-quinones and to prevent their polymeritazion with
browning effects (Salgues et al., 1986). It also decreases the loss of thiol-related aromas
as well as the formation of off-flavours, such as sotolon (3-hydroxy-4,5-dimethyl-
2(5H)furanone)) and 2-aminoacetophenone (Lavigne & Dubordieu, 2004).

A fast analytical method was developed to assay GSH concentration in grape juice,
must and wine using the traditional chromatographic apparatus (HPLC and UV
detector) in order to evaluate the GSH levels along with several winemakings, from the
grape juice to the end of the alcoholic fermentation and during the ageing. Moreover,
the identification and quantification of 2-S-glutathionyl caftaric acid (Grape Reaction
Product, GRP) was allowed.

The analytical approach used was recently proposed and applied for the antioxidant
properties evaluation of yeast cell-wall fractions (Tirelli et al., 2010). It showed a
sensitive and reliable quantification of GSH and cysteine, free and linked to the
proteins, by a derivatization with a p-benzoquinone (pBQ) and the spectrophotometric
detection at 303 nm.

3.7 Material and methods

3.7.1 Chemicals

3-Mercaptopropionic acid (3MPA), pBQ and potassium metabisulfite (K25:0s),
polyvinylpolypirrolidone (PVPP) were purchased from Fluka (Switzerland).
Glutathione (GSH), cysteine (Cys), sodium fluoride (NaF), EDTA, trifluoroacetic acid
(TFA) were from Sigma-Aldrich (St. Louis, MO). Citric acid was purchased from J. T.
Baker (Phillipsburg, NJ). HPLC grade methanol was purchased from Panreac
(Barcelona, Spain), and HPLC water was obtained by Milli-Q system (Millipore Filter
Corp., Bedford, MA).

3.7.2  Samples

Six grape samples from different cultivars and production area (South Africa, Chile,
Argentina), 13 red wine samples, 5 white wine samples and 1 sparkling wine sample,
produced from different grape cultivars, vintages (to 2006 from 2008) and winery,
were collected at the market.

The trend of GSH level was monitored in some winemakings in real condition process
during the vintages 2009 and 2010 performed in three Italian regions (Lombardia,
Tuscany and Sardinia) (Table 3.8). For the vintage 2009, must and wine samples were
obtained from 8 winemaking processes performed in 4 different wineries with 3 grape
cultivars (Chardonnay, Sauvignon blanc and Trebbiano) and 7 S. cerevisiae strains. For
the vintage 2010, must and wine samples were obtained from 10 winemaking
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processes performed in 5 different wineries with 3 grape cultivars (Chardonnay (2
clones), Trebbiano and Vermentino) and 5 S. cerevisiae strains. The GSH trend was
followed for 24 days at least.

. . . Winemakings
Winery Cultivar Region Vintage 2009 Vintage 2010
1 Chardonnay Lombardia 2 3
2 Trebbiano Lombardia 2 2
3 Chardonnay Lombardia 2 0
4 Sauvignon Blanc Sardinia 1 0
5 Chardonnay Lombardia 0 2
6 Vermentino Tuscany 0 3

Table 3.8: Description of samples drawn during the winemakings in real condition process on
vintages 2009 and 2010.

3.7.3  Preparation of grape samples

The GSH quantification was carried out on about 250-300 g of grape berries which
were put in a plastic bag. The berries were kept under vacuum after the addition of 2
mL 0.12 M NaF and 0.5 mL 0.75 M EDTA. The grape was hand crushed and the juice
obtained was stored at room temperature for 60 minutes. The juice was removed from
the plastic bag, transferred in a beaker and then maintained under nitrogen flow for 2-
3 minutes. The derivatization was conducted on 2 mL juice after centrifugation at 5000
x g for 5 minutes (Paragraph 3.7.6); the reaction mix was filtered by 0.22 um pore size
disposable PTFE filters prior the HPLC separation.

3.74  Must and wine sample preparation

Must and white wine were stirred at 5000 x ¢ for 5 minutes. Twenty mL of red wine
were added with PVPP 15 g L, stirred for 5 minutes and centrifuged at 5000 x g for 5
minutes. The supernatant was added with 100 uL ethanal 320 mM, it was left for 15
minutes at room temperature and then the pBQ was added, as described for the
derivatization (Paragraph 3.7.6).

3.7.5  Preparation of 2-S-glutathionyl caffeic acid

The 2-S-glutathionyl caffeic acid was prepared in a citric buffer 50 mM at pH 3.5 added
with GSH and caffeic acid in molar ratio 4:1 (GSH:caffeid acid), as described by Cilliers
and Singleton (1990). The solution contained GSH 350 uM (110 mg L) and caffeic acid
90 uM (16 mg L1). The polyphenol oxidase enzyme (PPO) was obtained as described
as follows: few grape berries were hand crushed and the juice obtained was
centrifuged at 14000 rpm for 5 minutes at 15°C in a benchtop thermostatted centrifuge.
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The supernatant was wasted and the pellet was re-suspended in the buffer containing
GSH and caffeic acid. The solution was stirred for 5 minutes, 2 mL were drawn,
derivatized with pBQ (Paragraph 3.7.6) and injected by HPLC. The solution was
stirred for 1 hour more and a further amount of PPO was added in order to complete
the reaction versus the 2-S-glutathionyl caffeic acid formation. Two mL were
derivatized (Paragraph 3.7.6), filtered and injected into the HPLC.

3.7.6  Derivatization of thiol compounds with p-benzoquinone

The derivatization of GSH and Cys was conducted as described by Tirelli et al. (2010):
2 mL of the samples were added to 100 pL of 400 uM p-benzoquinone (pBQ) dissolved
in methanol. After 1 minute mixing, 1 mL of 500 uM 3MPA in 0.3 M citrate buffer pH
3.5 was added in order to remove the exceeding pBQ.

3.7.6.1 Calibration curves

The calibration curves were obtained spiking grape juice, white wine or red wine with
amounts of Cys and GSH in the range from 0 mg L to 30 mg L. The analytical
response was compared with a calibration curve achieved in citrate buffer 50 mM at
pH 5. The determinations were performed in duplicate at least.

The 2-S-glutathionyl caftaric acid was quantified as caffeic acid. The calibration curve
was obtained from caffeic acid solutions ranging from 0 mg L-! to 50 mg L.

3.7.6.2 Precision parameter

Three different concentrations of GSH (1.5 mg L, 15.4 mg L and 30.7 mg L') were
added to white wine. All the reaction mixes were injected 5 times in order to assess the
repeatability parameters and the relative standard deviation.

3.7.6.3 High-performance liquid chromatography (HPLC) analysis

The HPLC separation was performed by a hexyl-phenyl column (250 x 4.6 mm, 1104,
Phenomenex). Eluents were water/trifluoroacetic acid 0.05% (v/v) and methanol; the
concentration of the latter increased from 10% to 35% of methanol in 18 minutes in the
eluting gradient (Table 3.9). The column temperature was 25°C and the injection
volume was 50 pL. Detection was carried out by spectrophotometry at 303 nm. The
flow rate was 1 mL/min.
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Time (min) A% B% Slope

0.0 90.0 10.0 6
1.0 90.0 10.0 6
18.0 65.0 35.0 6
18.5 0.0 100.0 6
21.0 0.0 100.0 6
21.5 90.0 10.0 6
36.0 90.0 10.0 6

Table 3.9: HPLC separation gradient for thiols compounds derivatized with p-benzoquinone.
Eluent A: water/trifluoroacetic acid 0.05% (v/v); eluent B: methanol.

3.7.6.4 HPLC/Electrospray lonization-Mass Spectrometry (ESI-MS)

For MS detection of the 2-S-glutathionyl caffeic acid and 2-S-glutathionyl caftaric acid,
the LCQ Deca XP spectrometer, controlled by the Excalibur software (Thermo
Finnigann Jose, CA), was operated in positive ion mode. A post column flow splitter
was used to introduce 1:15 of the HPLC flow stream into the ESI source. The ESI
interface and the ion optics settings were as follows: spray potential, 5.0 kV;
nebulization gas (nitrogen) relative flow value, 10; capillary temperature, 275°C; and
cone voltage, 30 V. Full-scan mass spectra were acquired scanning the range 50-800
m/z. Mass accuracy was ensured by calibration with a mixture of caffeine, reserpine,
and the tripeptide PFK (in methanol:water 1:1, 0.1% acetic acid) infused separately.

3.7.7  Quantification of readily assimilable nitrogen

The readily assimilable nitrogen was quantified in must samples before the yeast strain
addition in all the winemakings considered. Twenty-five mL of must were drawn, the
pH was moved to 8.3 with NaOH 1 N and 2 mL BaCl2 1 g L' were added. The must
was centrifuged at 5000 x ¢ for 10 minutes; the pH of supernatant was moved to 8.3
with NaOH 0.1 N and 20 mL formaldehyde 40% at pH 8.3 were added. The sample
obtained was titrated with NaOH 0.1 N.

The readily assimilable nitrogen was quantified as follows:

N = mLNaOH X 14 X 40

Where:

mL NaOH: mL NaOH 0.1 N used to move the pH to 8.3 after the formaldehyde
addition;

1.4: conversion factor;

40: dilution factor.

The readily assimilable nitrogen was expressed in mg L.
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3.8 Results and discussion

3.8.1  Analytical method development

The analytical conditions adopted allow the separation of GSH, Cys and GRP in grape
juice, must and both red wine and white wine (Figure 3.13).

For the grape juice sample preparation, the addition of NaF and EDTA prevents the
oxidations of juice due to tyrosinase activity. In particular, NaF can inhibit the oxidase
enzymes binding the copper, which is essential for their catalytic action (Janovitz-
Klapp et al., 1990; Richard et al., 1991). Experiments were also conducted with
potassium metabisulfide 2 mM (K25:05) as antioxidant agent, but it had less protective
effect on the oxidase enzyme inhibition than NaF (decrease of spiked GSH
concentration) and the analytical response was not repeatable (data not shown).
Assays conducted quantifying GSH every 30 minutes, from 30 minutes to 150 minutes
incubation at room temperature after grape crushing, showed the maximum
concentration of GSH was detectable from 30 minutes to 90 minutes of storage (Table
3.10).

The nitrogen flow allowed the homogenisation of the juice avoiding the air contact.
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Figure 3.13: HPLC separation of Cys, GSH, GPR and 3MPA in a standard solution (A), white
wine (B) and red wine (C).
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Time incubation GSH
Sample 3

minutes mg L?

0 0 13.2

1 30 17.8

2 60 18.4

3 90 18.1

4 120 16.9

5 150 13.2

Table 3.10: GSH quantification in grape at variable incubation times at room temperature.

GSH quantification was not affected by temperature: experiments conducted
maintaining juice at controlled temperature of 20°C did not show differences than
assays conducted at not controlled room temperature (data not shown).

In red wine, the use of PVPP allowed a lower content of phenols, so preventing
interferences in the HPLC separation. The centrifugation removed not only PVPP, but
also the phenols particles adherent to it.

The analytical method had linear response for GSH ranging from 0 mg L' to 30 mg L%
the calibration curve for Cys was obtained only in grape juice and the analytical
response was linear for Cys concentration ranged from 0 mg L to 30 mg L. In grape
juice, the analytical response did not differ significantly than a citrate buffer, as shown
by the calibration curves (Figure 3.14), either for GSH or Cys. In red and white wine,
the analytical response differed than a citrate buffer of 20%, as indicated by their slope
(Figure 3.15). This difference has to be considered for the GSH quantification.
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Figure 3.14: Calibration curve in grape juice from known addition of A) GSH: citrate buffer (e)
and GSH in juice (#); and B) Cys: citrate buffer (o) and Cys in juice ().
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Figure 3.15: Calibration curve in grape juice spiking known concentration of GSH: citrate buffer
(»), red wine (A) and white wine ().

The repeatability was calculated by spiking known and increased concentrations of
GSH to white wine (Table 3.11). The relative standard deviation (%RDS) was 3.1% for
GSH concentration ranged 5-30 mg L.

The detection limit (signal to-noise ratio > 3) for GSH and Cys were 0.13 mg L' and
0.07 mg L' and the quantification limit (signal to-noise ratio > 10) were 0.43 mg L and
0.21 mg L7, respectively. These concentrations were detected without sample
treatments. The GSH level of 0.5 mg L' is widely lower than a GSH content exerting an
appropriate antioxidant activity (Lavigne & Dubourdieu, 2004).

Concentration Chromatographic Area (mAU x sec) SD RDS
mg L1 min max average mg L1 %
1.5 34.5 39.0 36.8 1.8 5.0
154 378 395 386 6.7 1.7
30.7 658 708 686 18.1 2.6

Table 3.11: Repeatability parameters (n=5) for the GSH determination.

3.8.1.1 Identification of 2-S-glutathionyl caffeic acid

The preparation of 2-5-glutathionyl caffeic acid was carried out in order to recognize
this compound and provide the elution time of 2-S-glutathionyl caftaric acid (GRP).

As expected, the reaction rate of 2-S-glutathionyl caffeic acid formation was very fast
(Singleton et al., 1985; Riberau-Gayon et al., 2006). The caffeic acid dissolved in the
buffer solution reacted completely with GSH with the first addition of PPO, as shown
by the HPLC analysis (Figure 3.16): no caffeic acid was detected. The derivatization
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was conducted to check the GSH concentration before and after the addition of the
PPO. The HPLC analysis separated one peak more at 15.5 minutes; the MS detection
confirmed that peak was 2-S-glutathionyl caffeic (Figure 3.17).

700 - 1 3
E 600 1 6
5 7
5 500 A
=
z 4
< 400
£
S 300 -
g 5
k
p 200
Z ] 2 & A
= 100
& J i LWL T B
0 I L A C
4 6 8 10 12 14 16 18 20 22
Time (min)

Figure 3.16: HPLC separation of GSH (1), GRP (2), 2-S-glutathionyl caffeic acid (4) and
derivatized MPA (5) in a solution of GSH and caffeic acid (A), solution of GSH and caffeic acid
after PPO addition (B), grape juice. The peaks 3 and 7 detected in grape juice are unknown.
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Figure 3.17: MS detection of 2-S-glutathionyl caffeic acid.
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3.8.1.2 Identification of 2-S-glutathionyl caftaric acid

The 2-5-glutathionyl caftaric acid, commonly known as GRP, is the compound arising
from the reaction between the GSH and the o-quinone of caftaric acid in the presence
of oxygen and PPO (Singleton et al., 1984). Its formation during in the running must
has been clearly described (Singleton et al, 1984; Singleton et al., 1985; Cheynier et al.,
1986) as well as its stability in the presence of PPO. In this way the formation of brown
polymers is hindered.

The HPLC pattern obtained from the analysis of grape and wine samples (Figure 3.13
and Figure 3.16) showed a peak eluting at 12.2 minutes having the maximum
absorbance at 326 (Figure 3.18), a value close to the absorbance of GRP reported in
literature (Cheynier et al., 1986). The small difference (less of 2 nm) is probably due to
the HPLC eluent.

The HPLC separation coupled to the MS detection confirmed that peak was GRP, as
shows the MS spectra in Figure 3.19.

2-S-glutathionyl caffeic acid

0,25 - 323.6 nm

0,2 4

0,15

01 1 GRP

326 nm\A

0,05 -

Relative absorbance (mAU)

0 T T T 1
210 260 310 360 410
Wavelenght (nm)

Figure 3.18: UV-spectra for GRP and 2-5-glutathionyl caffeic acid.
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Figure 3.19: MS detection of 2-S-glutathionyl caftaric acid.

The GRP trend was monitored during the winemakings conducted in real condition
process in the vintages 2009 and 2010.

3.8.2  Quantification of GSH in grapes and wines

Six different cultivars of grape were analyzed and GSH detected was ranged from 40
mg L7 to 77 mg L (Table 3.12), according as reported by Cheynier et al. (1989), Okuda
& Yokotsuka (1999) and Janés et al. (2010). Low amounts of Cys were also detected
(0.5-3.4 mg L), contrarily as indicated in literature (Park et al,, 2000a; Park et al.,
2000b).

; GSH Cys
Cultivar Type
mg L1 mg L1
Aledo 1 white 50.3 1.0
Aledo 2 white 40.8 0.6
Crimson red 73.3 0.5
Moscatella red 44.5 n. d.
Red Globe red 39.9 34
Thompson white 75.5 0.8

Table 3.12: GSH and Cys quantification in 6 grape cultivars (n. d.: not detected).

GSH was detected only in white wines and sparkling wine, in concentrations ranging
from 1 mg L' to 3 mg L (Table 3.13), similarly as reported in literature (Cassol &
Adams, 1995; Lavigne & Dubourdieu, 2004; du Toit et al., 2007; Bramanti et al., 2008;
Marchand & de Revel, 2010). None of the red wine samples contained GSH, probably
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due to the interactions between thiols and quinones during winemaking (Salgues et al.,
1986). Cys was not detected in any samples of analyzed wines.

] ] GSH
Wine Type Vintage
mg L1
Barbera 1 red 2008 n. d.
Barbera 2 red 2008 n. d.
Cabernet Sauvignon 1 red 2008 n.d.
Cabernet Sauvignon 2 red 2008 n. d.
Cortese white 2008 1.5
Chianti red 2008 n. d.
Gutturnio 1 red 2008 n. d.
Gutturnio 2 red 2008 n. d.
Merlot 1 red 2008 n. d.
Merlot 2 red 2008 n. d.
Muller sparkling 2008 1.2
Novello red 2008 n. d.
Sauvignon Blanc 1 white 2008 3.1
Sauvignon Blanc 2 white 2008 1.5
Trebbiano white 2008 2.5
Traminer white 2007 2.8
Aglianico red 2007 n. d.
Shiraz 1 red 2006 n. d.
Shiraz 2 red 2006 n. d.

Table 3.13: GSH quantification in 19 Italian commercial wine samples (n. d.: not detected).

The exposure to air of must and pomace during the alcoholic fermentation could cause
a phenols oxidation and a complete depletion of GSH in the red wines.

Moreover, the GSH content was low also in the white wines analyzed and probably, it
was not able to perform an effective protection against the oxidation during the shelf-
life (Lavigne & Dubourdieu, 2004).

3.8.3  Modification of glutathione levels in winemaking

The GSH trend was monitored in several winemakings for the 2009 and 2010 vintages.

3.8.3.1 Vintage 2009

Eight winemaking processes performed in 4 different cellars were followed.
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The GSH trend in winemakings performed in winery 1 are represented in Figure 3.20;
these productions were carried out on Chardonnay grape. For the winemaking A
(Figure 3.20A), the must was added with oxygen for an amount equal to two
saturation before the clarification treatment. In the winemaking B (figure 3.20B), the
sulfur dioxide was already added during the pressing and the fermentation tank,
where the must was transferred, was inertized with nitrogen. The initial concentration
of GSH was lower than 1 mg L. The maximum GSH concentration was 9.2 mg L in
both the winemakings, independently from the yeast strain, oxygen exposition and
fermentation rate which was slower in winemaking B. The initial low level of GSH did
not seem to affect the amount of GSH produced by the S. cerevisige. In both the
winemakings, the GSH concentration increased during the alcoholic fermentation, but
with some differences. In oxidative conditions winemaking (Figure 3.20B), the highest
amount of GSH was reached with the racking and it was halved after 10 day. In
reductive condition winemaking (Figure 3.20A), the GSH level increased during the
fermentation and it was higher than7 mg L for two weeks after the racking. The rapid
decrease of GSH in winemaking B could be explained by residual amounts of o-
quinones in the must.

The initial GRP content was 4 folds higher in the winemaking conducted in reductive
condition and it remained stable; in winemaking performed in oxidative condition its
content became double at the end of the fermentation and then it decreased slowly.
This decrease could be due to a partial GRP degradation occurring after fermentation,
but no data are available in literature concerning the GRP trend level during the
winemaking. It is known the GRP could be degraded during the wine storage
(Cheynier et al., 1986); its decrease could be due to a degradation phenomena. The
formation of 2,5-diglutathionyl caftaric acid (GRP2) could not be achieved in so short
time. It is formed in presence of high concentration of GSH and oxygen through the
laccase activity (Dietrich & Pour-Nikfardjam, 2009), and the GRP chemical oxidation to
GRP2 could need more time.
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Figure 3.20: GHS (#), GRP (o) and reduced sugars (A) trend in winemakings conducted by the
winery 1 on Chardonnay grape in reductive condition (A) and oxidative condition (B) during the
vintage 2009.

The important role carried by the exposition of must to the oxygen was confirmed by
the GSH and GRP contents shown by the winemaking carried out in winery 2 with the
running must arising from either the low pressure pressing (Figure 3.21A) or the high
pressure (Figure 3.21B). Grape pressing was conducted through a press inertized with
nitrogen. Two different S. cerevisiae strains were employed in fermentation. The initial
GSH content was low in both the winemakings; the GSH increased during the
fermentation up to 19 mg L and 15 mg L' for winemaking A and B, respectively,
likely due to the aeration of the must. This operation can enhance the S. cerevisiae
growth and, consequently, the GSH biosynthesis. Nevertheless, the winemaking B was
carried out using the high pressure fraction of the juice and the initial delay of GSH
formation could be due to a higher concentration of the PPO and o-quinones. The latter
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can derive from the skin laceration and seeds fragmentation which can promote the
quinones formation and their presence in fermentation. For both the winemakings, the
GSH decreased in a similar way and its concentration 1 month after the racking was
3.4 mg L.

The initial GRP content was comparable in both the winemakings and exceeded 40 mg
L. It high content could be probably due to oxidative mechanisms occurring into the
grape. During the fermentation its content decreased and it is lower in winemaking of
the first fraction juice (28 mg L") than the second fraction (35 mg L-!). The higher GRP
content in the second pressing juice was likely due to the skin laceration and seeds
fragmentation of the grape which cause a higher development of oxidative
mechanisms.
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Figure 3.21: GSH (¢), GRP (e) and reduced sugars (A) trend in winemakings conducted by
winery 2 on Trebbiano (Lugana) grape; first pressing grape juice (A) and second pressing grape
juice (B) during the vintage 2009.
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The yeast strain employed in fermentation seems to have a weak effect on the GSH
concentration trend (Figure 3.22). The winemakings were carried out with the same
grape cultivar (Chardonnay) in winery 3 and the must was fermented by 3 different
yeast strains. Both the fermentation kinetics and the GSH release showed only minor
differences for all the yeast strains employed.

The GRP trend was similar between the three winemakings considered, as well.
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Figure 3.22: GHS (¢), GRP (e) and reduced sugars (A) trend in winemakings carried out in
winery 3 with Chardonnay grape employing 3 different yeast strains (A-C) during the vintage
2009.
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The content of readily assimilable nitrogen could represent a limiting parameter on the
S. cerevisine GSH biosynthesis. The GSH content in winemaking conducted by winery 4
on Sauvignon blanc grape cultured in a hot-dry climate was negligible after pressing
and it was not released during the fermentation. The readily assimilable nitrogen
content in this must was 129 mg L, while its concentration ranged from 250 mg L to
350 mg L7 in the other winemakings above described. These data are in agreement
with Lavigne and Dubourdieu (2004) which suggested 200 mg L of readily
assimilable nitrogen is needed to allow the release of GSH by the yeast.

The GSH levels detected in must after pressing were low in comparison to the GSH
concentration usually measured in grape, as described in literature (Cheynier et al.
1989; Okuda & Yokotsuka, 1999; Janés et al., 2010). The GSH data in grape were not
available for these considered winemakings.

The GRP concentration could not explain the GSH decrease, especially for a vintage,
with positive climatic conditions and safety of grape, as the vintage 2009 has been.

3.83.2 Vintage 2010

Ten winemaking processes performed in 4 different wineries were monitorated.

For vintage 2010, the copper concentration was also evaluated in order to understand
if the low initial GSH concentration could be correlated to the amount of this metal ion.
Moreover, the GSH and GPR content were quantified in grape employed in
winemakings and the results are represented in Table 3.14.

. . . GSH GRP
Winery Winemaking
mg L mg L
1 A 1.8 1.3
1 B-C 3.7 1.8
2 A-B 84.3 4.6
5 A-B 35.3 1.5
6 A-C 2.8 0.9

Table 3.14: Quantification of GSH and GRP in the grape cultivars employed in winemakings
during the vintage 2010.

The winemaking kinetics represented in Figure 3.23 were obtained from Chardonnay
grape (2 clones) in winery 1 and the pressing was performed trough a pneumatic
press. Both winemaking A and B were carried out in oxidative condition; the first
running must was aerated up to two oxygen saturation (iperoxigenation) and racked
in barriqgues where it was inoculated and fermented (Figure 3.23A). The pressing of
winemaking B was performed in oxidative conditions and the malolactic bacteria was
inoculated after the alcoholic fermentation (Figure 3.23B). In the process represented in
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Figure 3.23C, the addition of sulfur dioxide was performed after pressing and the
fermentation tank was saturated with carbon dioxide. The winemaking A was
performed with a different Chardonnay grape clone than winemakings B and C.

The initial GSH concentration was lower than 2 mg L' in all the winemakings,
according to the low GSH level detected in grape (Table 3.14). Probably the initial GSH
content could be also correlated to a high concentration of copper ion in must which
was 6.6 mg L, 5.6 mg L' and 5.6 mg L-! for winemaking A, B and C, respectively. The
Cu? could be involved in disulfide bridge formation between two molecules of GSH,
as it happens for the removal of thiols-related reduced defects (Monk, 1986; Riberau-
Gayon et al., 2006; Bartowsky & Pretorious, 2009). As already observed in vintage 2009
for the winey 1 (Figure 3.20), the higher GSH content was reached faster in reductive
conditions (6 days fermentation) than in oxidative condition (12 days fermentation).
Contrarily to the previous vintage (Figure 3.20A-B) in which the GSH released during
fermentation was comparable in oxidative and reductive conditions, for vintage 2010
the GSH released in oxidative condition (Figure 3.23A-B) was 5 mg L' lower than in
reductive condition (Figure 3.23C). Moreover, the iperoxidative condition and the
alcoholic fermentation performed in barrel (Figure 3.23A) could further decrease the
GSH level than the fermentative process carried out in tank (Figure 3.23B). After 45
days of ageing, the GSH content was halved in all the winemakings.

Several parameters changed during these winemakings performed in winery 1, such as
grape cultivar clones, red-ox pressing conditions, yeast strains, co-inoculation of
malolactic bacteria, productive steps. Nevertheless, the GSH detected was similar in all
the winemakings. It was not allowed to identify what condition affected mainly the
GSH content which trend could be affected by more than one of the productive
conditions applied.

The higher initial content of GRP was observed in reductive conditions winemaking
after pressing (7.6 mg L) (data not shown in Figure 3.23C) probably due to the higher
grape break during the pressing. Its concentration decreased to 0.8 mg L after racking
and it was slightly higher than in winemaking A and B (0.3 mg L for both
productions). The GRP trend was similar for all the winemakings and after 55 days it
was lower than 0.7 mg L. This fact could be linked to the hydroxycinnamic acids
content in grape, caftaric acid in particular: when their concentration is low, GRP could
not be formed.
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Figure 3.23: GHS (#), GRP (e) and reduced sugars (A) trends in winemakings performed by the
winery 1 with Chardonnay grape in iper-oxidative conditions (A), oxidative condition (B) and
reductive condition (C) during the vintage 2010.
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High GSH levels can be preserved during the pressing conducted in winery 5, as
shown in Figure 3.24 which was carried out through a pneumatic press and the initial
GSH was higher than 5 mg L. The GSH content in grape was up than 35 mg L' and
more than 25 mg L' were lost, even using an inertized press. The free run juice showed
a high GSH amount (22.8 mg L), but it is not usually fermented for its high content of
solid particles which can increase the must oxidation. Differently from the
winemakings described as above for winery 1 in vintage 2010 (Figure 3.23), the Cu?"
content was ten times lower in both of the musts (0.47 mg L and 0.33 mg L for must
A and must B, respectively); its concentration can affect the GSH released during the
production. The winemakings were conducted on Chardonnay grape and the
fermentation was conducted by the same yeast strain. When the pressing without
oxygen removal was performed, the initial GSH content was lower than in reductive
conditions and a faster beginning of the alcoholic fermentation was observed. In this
condition, up to 22 mg L' GSH was quickly released, probably due to an aeration step
before the fermentation. Afterwards, the fermentation rate slowed down and then
increased again and more GSH was detected (27.5 mg L-). It is not allowed to know
what caused an increase of fermentative rate; the must could be aerated or a further
yeast starter addition could be carried out. In reductive conditions, the maximum GSH
level was 14.4 mg L, lower than in oxidative condition. The GSH concentration
decreased in both oxidative and reductive conditions; its level was higher in oxidative
condition at the 24t day. It means the GSH released through the S. cerevisiae employed
in fermentation could be affected by the availability of oxygen before and, probably,
also during the fermentation, it is a response to the oxidative stress conditions (Rauhut,
2009). The oxygen concentration, as well as the aeration can increase the release of
GSH which was higher during the fermentation and until the last trend day (24 days
after the inoculum) in oxidative condition. In this way, the GSH can mostly prevent the
wine oxidation during the fermentative process and ageing.

The initial GRP content was higher when the reductive conditions were adopted and it
decreased at the beginning of the alcoholic fermentation. The GRP trend was
comparable in both the winemakings and it was lower than 3 mg L at the end of the
fermentation. The oxidative conditions could not affect the GRP concentration during
the fermentation.
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Figure 3.24: GHS (¢), GRP (e) and reduced sugars (A) trend in winemakings conducted by
winery 5 on Chardonnay grape in oxidative condition (A) and in reductive condition (B) during
the vintage 2010.

The effect of Cu?* on the GSH content is showed in Figure 3.25. These winemakings
were conducted with Trebbiano (Lugana) grape in winery 2, using the same S.
cerevisiae strain; the winemaking A was performed using the running must from the
low pressure pressing. The second part of the must, obtained with the higher pressure
(0.5 — 0.8 bars), was used for the winemaking B. The grape showed a content of GSH
up to 80 mg L and most of it was lost during the pre-fermenting operations. The
initial GSH content was similar (up to 4 mg L) for both the winemakings, nevertheless
the Cu? was 6.5 mg L for the first fraction and 2.3 mg L for the second fraction. Even
though the fermentation course was similar, the GSH was released faster and in higher
amount in the second fraction winemaking. It is probably due to the lower Cu?*
content detected in this must. GSH decreased after the wine racking and its
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concentration was lower in the first fraction winemaking (12.8 mg L) than in the
second fraction winemaking (15.2 mg L-1).

The pressing pressure could affect the initial content of GRP which was higher in the
second fraction. The GRP trend was similar during the winemaking and after 22 days
the GRP concentration was lower in the first fraction (5 mg L) than in the second
fraction (7.7 mg L-). It is probably due to the higher degree of the grape skin laceration
occurred during the second pressing.
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Figure 3.25: GHS (#), GRP (e) and reduced sugars (A) trend in winemakings conducted in
winery 2 on Trebbiano (Lugana) grape on the first pressed fraction (A) and the second pressed
fraction (B) during vintage 2010.

The copper content could affect the winemakings, as shown in Figure 3.26. These small
scale wine productions were conducted in winery 6 on Vermentino grape and the
same yeast strains was used. No treatment was carried out on grape for winemaking
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A. In winemaking B and C, the grape was rinsed, in order to remove the copper
residues on the grape skin, and then dried before pressing. Moreover, a Bordeaux
mixture powder was added after pressing in winemaking B. The Bordeaux mixture
powder is an adjuvant containing copper sulfate, copper hydroxide and calcium
sulfate; the Cu?" concentration is ranged from 2% to 5% (Villavecchia & Eigenmann,
1976). The GSH content was higher in the winemaking where the grape was rinsed
(Figure 3.26C) either in juice after pressing or in must during the alcoholic
fermentation. Its level was 4.4 mg L, 47 mg L and 5.0 mg L' after 33 days for wine
from winemaking A, B and C, respectively. The GSH level could be correlated to the
copper content, even though it could be affected by other mechanisms not involving
the copper, as shown the highest GSH decrease happened in winemaking C. However,
for these winemakings, the low GSH level could be correlated to the yeast which
probably was a low GSH producer strain, since the readily assimilable nitrogen was up
to 200 mg L. The GSH content was probably affected by the copper concentration, but
it was so low to make it difficult to estimate the influence of this metal.

The GRP concentration was higher in juice after pressing in the production A (5.5 mg
L) and it decreased to 3.6 mg L after 33 days. A lower amount was detected for the
winemakings B and C (49 mg L' and 2.8 mg L) and it decreased in both of the
productions showing closer levels (2.4 mg L' and 2.3 mg L1).
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Figure 3.26: GHS (¢), GRP (e) and reduced sugars (A) trend in winemaking conducted by
winery 6 on Vermentino grape in the following condition: no rinsed grape (A); rinsed grape and
addition of Bordeaux mixture powder (B); rinsed grape (C) during the vintage 2010.
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The GSH content was evaluated in the must fractions obtained from Lugana grape
pressed by a pneumatic press under inertized and not inertized conditions. As shown
in table 3.15, the GSH content was stable in the 6 fractions analyzed with a not
inertized press, while it increased using the inertized press, except for the 6t fraction.
The GSH concentration was different between the two pressing conditions probably
due to the presence of the oxygen which could cause the GSH oxidation. The
increasing GSH content using the inertized press was probably due to the copper
washout effect occurring during the pressing: the upcoming pressing was left with a
lower content of copper in juice. For the same reason, in the the last fraction, the GSH
content was low it was completely taken by the previous fractions.

As expected, the GRP content was higher using the not inertized press for each pressed
fraction analyzed, except for the 6% fraction which shown a GSH level comparable to
the inertized pressed fraction. The higher GRP content did not explain the differences
in GSH level between inertized and not inertized press.

Air Nitrogen
Fraction GSH GRP GSH GRP
mg L

1° fraction 3.8 10.5 3.6 7.8
2° fraction 3.8 16.4 4.9 10.6
3° fraction 3.8 19.3 13.9 12.8
4° fraction 4.6 15.0 19.6 144
5° fraction 3.8 19.3 23.1 14.0
6° fraction 49 18.0 5.3 19.6

Table 3.15: Effect of different pressing pressure and oxygen on GSH and GRP content.

3.9 Conclusions

The data obtained from the winemakings showed the GSH concentration could be
correlated to the yeast strain activity. The aeration can affect the GSH level during or
after the fermentation: it can increase the GSH released by the yeast but, at the same
time, it can decrease the GSH concentration faster. Indeed, the S. cerevisiae growth up
faster by aerating the must releasing more GSH. At the end of fermentation, a higher
level of dissolved oxygen, deriving from aeration treatment, could increase the loss of
GSH.

The GSH deriving from the grape was almost completely lost in the must. The pressing
does negatively affect its concentration: most of the winemaking considered showed
low concentration of GSH after pressing even thought it was conducted in reductive
conditions. This fact could be explained by several not oxidative mechanisms which
should be deepened.
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The copper concentration has to be considered for a better comprehension of the
parameters affecting the GSH level during the winemaking. Among its effect, it has to
be correlated to the fermentation course as well as to the dissolved oxygen.

These data confirms the readily assimilable nitrogen affects the GSH content during
the winemaking, as previously described in literature (Lavigne & Dubourdieu, 2004).
The level of GSH detected after the fermentation could be enough to protect the wine
against the oxidation during the tank or barrel ageing (Lavigne & Dubourdieu, 2004).
Previous researches showed the yeast can metabolize the GSH which decreased during
the alcoholic fermentation (Lavigne & Dubourdieu, 2004). This data were not in
accordance to the followed winemakings in real condition process. In all of these
productions, the GSH concentration decreased after pressing, for reasons not directly
linked to the yeast, and it increased back during the fermentation. The GSH content in
wine could be probably dependent firstly from the yeast strain employed in
fermentation and, secondly, from the copper concentration dissolved in must.

The GRP concentration could be correlated to several factors, such as oxygen,
winemaking process, grape cultivar. The latter seems to strongly affect the GRP level
and it is linked to environmental conditions and the agronomic practices. For most of
the winemaking analyzed, the GRP content can decrease during the fermentation as an
effect of its hydrolysis occurring during the ageing (Cheynier et al., 1986).

Further experiments can be necessary in order to better understand the role of copper
during the winemaking and its influence on the GSH concentration in grape, must and
wine.
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3.11 Evaluation of oxidation rate in white wine

The oxidation rate of selected South African Sauvignon blanc wines from the 2010
vintage was evaluated.

The experiments were carried out in order to understand the effect of sulfur dioxide
and glutathione on the oxidation of phenols which can occur during the ageing of
white wines. The first aim was to investigate the oxidation of caffeic acid in wine as
well as in a synthetic wine solution. The second aim was to assess the oxidation rate
and the factors affecting it in 13 commercial wines. In order to increase the oxidation
rate, the samples were left at an elevated temperature. The content of iron and copper
were also quantified whereas these metals could affect the wine oxidation, as already
described in literature (Danilewicz, 2003; Danilewicz, 2007; Danilewicz et al., 2008).
Methods developed as part of this study to quantify certain compounds such as
glutathione and caffeic acid was further used in this investigation.

3.12 Materials and methods

3.12.1 Chemicals

3-Mercaptopropionic acid (BMPA), p-benzoquinone (pBQ) and potassium
metabisulfite (K25:05), CuSOs.5 H20 and FeSO+7 H20 were purchased from Fluka
(Switzerland). Reduced glutathione (GSH), oxidized glutathione (GSSG), caffeic acid,
catechin and trifluoroacetic acid (ITFA) were from Sigma-Aldrich (St. Louis, MO).
HPLC grade methanol was purchased from Panreac (Barcelona, Spain), and HPLC
water was obtained by Milli-Q system (Millipore Filter Corp., Bedford, MA).

3.12.2 Samples

For the analytical method validation, GSH, catechin and caffeic acid determination was
carried out on 12 South African white juice samples consisting of 9 Sauvignon Blanc
juices, 2 Semillon juices and 1 Chenin Blanc juice. Additionally, 43 South African white
wine samples, of which 32 wines were sampled from stainless steel tanks and 11
commercial bottled wines, produced from 5 different grape cultivars (Chardonnay,
Chenin Blanc, Sauvignon Blanc, Petillant Blanc and Semillon) from the 2004 - 2010
vintages were analyzed.

For the experiment described in Paragraph 3.12.3, Sauvignon blanc wine (vintage 2010)
was treated with bentonite (0.1 g L) and active carbon (0.4 g L) in order to remove
proteins and phenols, respectively. It was drawn from a tank directly from the
producer. A synthetic wine solution containing 12% ethanol and 2.5 g L' tartaric acid
was also made up and the pH adjusted to 3.5 with sodium hydroxide pellets.

For the experiment described in Paragraph 3.12.4, 13 young South African Sauvignon
Blanc wines (vintage 2010) were drawn from a storage tank directly at the producer
and analyzed.
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3.12.3 Evaluation of caffeic acid oxidation

The GSH and phenolic concentrations of the wine were measured and established to
be very low. GSH and caffeic acid additions were 0.22 mM where required. The
natural occurring total SOz concentrations of the wine was 17 mg L' and 30 mg L' SOz
was added to increase it to around 50 mg L-!. In the synthetic wine solution where SO2
additions were required, 50 mg L' SO2 was added, to keep it in line with that of the
wine. The iron and copper concentrations of both the wine and synthetic wine solution
were increased to 5 mg L1 and 0.12 mg L by adding FeSO4.7 H20 and CuSO..5 H20,
respectively. Wine and synthetic wine solution were transferred in a 100 mL bottles
and the bottles were sealed hermetically. All experiments were performed in triplicate
and stored in the dark at 37°C for 60 days.

The treatments conducted on wine and synthetic wine solution were thus the
following:

1) wine added with caffeic acid;

2) wine added with caffeic acid and GSH;

3) wine added with caffeic acid and SOz;

4) wine added with caffeic acid, SO2 and GSH;

5) synthetic wine solution added with caffeic acid and SO: (20 mg L);
6) synthetic wine solution added with caffeic acid, SO2 (20 mg L-') and GSH;
7) synthetic wine solution added with caffeic acid and SOz (50 mg L),

8) synthetic wine solution added with caffeic acid, SO2 (50 mg L') and GSH;

9) not added wine;

10) synthetic wine solution added with SOz (20 mg L).

The oxygen concentration was periodically monitored (2-3 times daily) with the
NomaSense oxygen meter from Nomacorc. Sensor dots attached inside the bottle are
activated by a blue light and transmitted through a fiber optic wand. The sensor dot
responds by emitting a red light, which indicates the relative presence of dissolved
oxygen in the wine.

A resume of the compounds analyzed is represented in Table 3.16. For GSH, caffeic
acid and free and total SO: quantification in both wine and synthetic wine solution
bottles were opened either and the analytes determined 5 times for the 60 days
duration of the experiment. These assays were thus performed at days 0 (beginning), 5,
23, 42 and 60 (end).

GSH was derivatized and quantified by ultra-pressure liquid chromatography (UPLC)
(Paragraph 3.12.6) at these 5 times, as well as caffeic acid was directly determined by
UPLC.

The free and total SOz concentrations were determined by a titration with KI solution
(Paragraph 3.12.7) at the 5 days indicated above.

Cis-caftaric acid, trans-caftaric acid, 2-S-glutathionyl caftaric acid (GRP), cis-coutaric
acid, trans-coutaric acid, cis-fertaric acid, p-coumaric acid and ferulic acid were
quantified by HPLC (Paragraph 3.12.8) at days 0, 23 and 60 for the experiment where
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GSH was added, while at days 0 and 60 for the experiment where no GSH addition
was not expected. GS5G was quantified by liquid chromatography coupled to mass
spectrometry (LC-MSMS) (Paragraph 3.12.9) at days 0, 23 and 60 for the experiment
where GSH was added, while at days 0 and 60 for the experiment carried out in wine
which was not expected GSH addition. GSSG was not quantified in the synthetic wine
solution assay where no GSH was added.

Copper and iron were quantified by atomic adsorption spectrometry (Paragraph
3.12.10) at the beginning and at the end times. Color changes were also monitored at
wavelength 280 nm, 420 nm and 440 nm with a spectrophotometer for the 5 sampling

times.
Sampling time (day)

Compound 0 5 23 ) 60
GSH X X X X X
Caffeic acid X X X X X
Free and total SO2 X X X X X
Cis-caftaric acid X X* X
Trans-caftaric acid X X* X
GRP X X* X
Cis-coutaric acid X X* X
Trans-coutaric acid X X* X
Cis-fertaric acid X X* X
p-coumaric acid X X* X
Ferulic acid X X* X

GSSG X** X* X
Copper X X

Iron X X
Colour changes X X X X X

Table 3.16: Analysis carried out for the experiment concerning the evaluation of caffeic acid
oxidation (Paragraph 3.12.3). X*: analysis performed only for the treatments with addition of
GSH. X**:analysis carried out on wine and in synthetic wine with added GSH.

3.12.4 Evaluation of oxidation rate in different commercial Sauvignon blanc wines

Thirteen different Sauvignon blanc wines were drawn from storage tanks under
nitrogen atmosphere just after the completion of alcoholic fermentation, before any SO
additions were made by the winemakers. Each wine was divided into two aliquots and
no SO2 was added in one of them, whereas SO: 30 mg L' were added in the second
one. One hour after the SOz addition, the wines were stirred to saturate them with
oxygen. The wines were then transferred in 100 mL bottles, sealed hermitically and
stored in the dark at 37 °C for 60 days.
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The treatments carried out on each wine were thus as follows:

1) no addition;

2) addition of sulfur dioxide (30 mg L1).

The oxygen concentration was periodically monitored (2-3 times daily) with the
NomaSense oxygen meter, as described in Paragraph 3.12.3. Wines were analyzed at
the beginning and at the end of the experiment. The investigated parameters were:
GSH, catechin and caffeic acid quantified by UPLC (Paragraph 3.12.6), GSSG by LC-
MSMS (Paragraph 3.12.9), SO: (free and total) by titration (Paragraph 3.12.7). Cis-
caftaric acid, trans-caftaric acid, GRP, cis-coutaric acid, trans-coutaric acid, cis-fertaric
acid, p-coumaric acid and ferulic acid were determined by HPLC (Paragraph 3.12.8),
copper and iron by atomic adsorption spectrometry (Paragraph 3.12.10), ascorbic acid
by an enzymatic kit (Paragraph 3.12.11). Color changes were also monitored at
wavelength 280 nm, 420 nm and 440 nm.

3.12.5 Juice and wine sample preparation

Juice and white wine were stirred at 14000 rpm for 5 minutes. The supernatant was
added with 100 pL ethanal 320 mM, left for 15 minutes at room temperature,
derivatized with pBQ as described in Paragraph 3.12.6 and then microfiltered (0.22

pm).

3.12.6  Derivatization of glutathione with p-benzoquinone

The derivatization of GSH and Cys was conducted as described by Tirelli et al. (2010):
2 mL of the sample were added with 100 uL pBQ 400 uM dissolved in methanol. After
1 minute mixing, 1 mL of 500 uM 3MPA in 0.3 M citrate buffer pH 3.5 was added in
order to remove the exceeding pBQ.

3.12.6.1 Calibration curves

Calibration curves were obtained by spiking known amounts of GSH (0.3 mg L' — 100
mg L1), catechin (0.5 mg L' — 80 mg L") and caffeic acid (0.5 mg L' — 50 mg L) to
juice, synthetic wine solution and white wine.

3.12.6.2 Precision parameters

The analytical method response was evaluated by spiking increasing concentrations of
GSH, caffeic acid and catechin in juice and white wine. The added amount of caffeic
acid and catechin were 4 mg L', 10 mg L' and 22 mg L both in juice and white wine.
The addition of GSH was carried out at 6.7 mg L1, 21.2 mg L' and 45.5 mg L in juice
and at 1.2 mg L7, 3 mg L' and 6.7 mg L' in white wine. Samples were analyzed in
triplicate.
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3.12.6.3 Recovery

The recovery was calculated by comparing six replicate determinations of spiked and
unspiked samples in the matrices for all considered compounds. For caffeic acid and
catechin in juice and white wine three different concentrations were spiked, 4 mg L,
10 mg L1 and 22 mg L-'. GSH recovery was evaluated at 6.7 mg L, 21.2 mgL, 45.5 mg
L1in the juice and 1.2 mg L, 3 mg L, 6.7 mg L in white wine.

3.12.6.4 Limit of detection and of quantification

The LOQ and the LOD were determined on the bases of signal to noise ratio 10:1 and
3:1, respectively. Baseline noise was calculated considering peak-to-peak measurement
for 3 minutes in two parts of the chromatogram.

3.12.6.,5  Ultra-pressure liquid chromatography

The GSH derivatized with pBQ, catechin and caffeic acid were determined by UPLC.
The UPLC separation was performed by a BEH-C18 column (100 x 1.7 mm, 1.7 pm,
Waters). Eluents were water/trifluoroacetic acid (0.05% v/v) and methanol; the
concentration of the latter increased from 10% to 35% in 8.5 minutes in the eluting
gradient (Table 3.17). Detection was carried out by spectrophotometry at 303 nm, 280
nm and 320 nm wavelength for GSH, catechin and caffeic acid, respectively. The
injection volume was 2 pL and the column was thermostatted at 25°C.

Time (min) A% B% Slope
0.0 90.0 10.0 6
5.0 83.0 17.0 6
7.5 70.0 30.0 7
8.5 65.0 35.0 6
8.8 0.0 100.0 6
9.3 90.0 10.0 6
11.0 90.0 10.0 6

Table 3.17: UPLC separation gradient for GSH derivatized with p-benzoquinone and caffeic acid.
Eluent A: water/trifluoroacetic acid (0.05% v/v); eluent B: methanol.

3.12.7 Quantification of free and total sulfur dioxide

The free SO2 was determined as follows: 25 mL of wine were drawn and 15 mL H2SO4
at 9% concentration were added. The SO: was titrated with a KI/KIOs solution 1/128
after the addition of iodine indicator until the purple colour was stable at least for 30
seconds.
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For the total SO quantification, 25 mL of wine were added to 20 mL of NaOH 1IN and
left at room temperature for 20 minutes. The determination was then carried out as for
the free SO..

The SO: concentration was calculated as follows:

§0, = mLKI x 10
The SOz content was expressed in mg L.

3.12.8 Quantification of hydroxycinnamic acids

The content of cis-caftaric acid, trans-caftaric acid, cis-coutaric acid, trans-coutaric acid,
cis-fertaric acid, p-coumaric acid and ferulic acid were quantified as described by
Vanzo et al. (2007).

The sample was microfiltered prior the HPLC injection.

Separation was performed using a ODS Hypersil C18 column (5 pm, 250 x 2.1 mm,
Agilent Technologies) with a ODS Hypersil guard column (5 um, 20 x 2 .1 mm, Agilent
Technologies). The mobile phase consisted of water acidified with 0.5% formic acid 2%
formic acid in methanol. Separation was carried out at 40 °C for 33 min and then the
column was equilibrated for 10 minutes; the gradient conditions are shown in Table
3.18. The flow rate was 0.4 mL/min and the injection volume was 70 pL. The detection
was carried out by a diode array detector (Agilent Technologies) and the UV/Vis
spectra were recorded from 220 to 700 nm, with detection at 320 nm.

The identity of each hydroxycinnamates was based on their UV/Vis spectra and
retention times which were compared to the respective standards. Quantification of
compounds was based on peak areas at 320 nm wavelength and the respective
concentrations in samples were expressed as trans-caftaric acid equivalents.

Time (min) A% B% Slope

0.0 84.0 16.0 6
15.0 75.0 25.0 6
28.0 57.0 43.0 6
28.1 0.0 100.0 6
33.0 0.0 100.0 6
33.1 84.0 16.0 6
43.0 84.0 16.0 6

Table 3.18: HPLC separation gradient for hydroxycinnamic acids. Eluent A: water/formic acid
0.5%; B: methanol/formic acid 2%.
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3.12.9 Quantification of oxidized glutathione

The quantification of GSSG was conducted as described by du Toit et al. (2007). A
microtriple quadropole mass spectrometer was coupled with HPLC. Separation was
carried out with a C18 column (3 um, 150 x 2.1 mm, Waters). The eluents were water
acidified with formic acid 0.1% and acetonitrile; the concentration of the latter
increased to 80% in 6.5 minutes in the eluting gradient (Table 3.19). The MS method
consisted of a reaction monitoring (MRM) function with electrospray ionization in the
positive mode, a capillary voltage of 3.5 kV, and argon as the collision gas. The GSSG
was monitored with at m/z 613.1 > 355.1 transition at a collision energy of 20 eV and
cone voltage of 30 V.

Ethanol was removed from the wine samples under reduced pressure at 40 °C by a
rotary evaporator and wine samples were re-dissolved to the initial volume with
deionized water. The samples were filtered through a 0.45 um syringe filter prior to the
LC-MSMS analysis.

Time (min) A% B% Slope
0.0 100.0 0.0 6
0.5 75.0 25.0 6
6.5 57.0 43.0 6
6.6 0.0 100.0 6
10.9 0.0 100.0 6
11.0 100.0 0.0 6
18.0 100.0 0.0 6

Table 3.19: HPLC separation gradient for oxidized glutathione. Eluent A: water/formic acid
0.1%; B: acetonitrile.

3.12.10 Quantification of iron and copper

Iron and copper were quantified by atomic absorption spectrometry, as described in
the OIV method such as MA-F-AS322-05-FER for iron and MA-F-AS322-06-CUIVRE
for copper by Vinlab, an ISO 9000 accredited laboratory that does routine wine
analyses for the South African wine industry. For the former, ethanol evaporation is
needed prior to the analysis, while for the second one no preparation steps before the
analysis except the eventual dilution.

3.12.11 Quantification of ascorbic acid

The ascorbic acid was determined through the enzymatic method of Thermo Fischer
(Thermo Scientific) by Vinlab.
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3.12.12 Statistical analysis

The data concerning the experiments focused on the caffeic acid (Paragraph 3.13.3) and
phenols oxidation (Paragraph 13.1.4) described as above were statistically analyzed
with two way ANOVA analysis using STATISTICA software (version 8).

3.13 Results and discussion

3.13.1 UPLC method development

Derivatized GSH, catechin and caffeic acid were separated using the analytical
conditions developed. The retention times were 4.2 min, 7.5 min and 9.2 min for
derivatized GSH, catechin and caffeic acid, respectively, with the derivatized MPA
eluting at 8.2 min. The GSH derivatization with pBQ was fast, accurate and easy-to-
apply; no purification step, other than centrifugation, for either juice or white wine
samples was necessary before the derivatization reaction. The short run time and the
quick sample preparation allowed the compounds to be quantified in less than 20
minutes. All of the compounds investigated were separated as interference-free
chromatographic peaks (Figure 3.27).
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Figure 3.27: UPLC separation at 280 nm in a model wine solution (A), must (B) and white wine
(C). Peaks: 1: GSH, 2: catechin, 3: derivatized MPA, 4: caffeic acid.

The linearity was verified by spiking juice, synthetic wine and white wine with the

compounds considered at six concentration levels in. All of the samples were prepared
and injected at least in duplicate for juice, synthetic wine solution and white wine and
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for each concentration. The analytical method showed a linear response for added
concentration of GSH ranging from 0 mg L-! to 100 mg L-, catechin ranging from 0 mg
L1 to 80 mg L' and caffeic acid ranging from 0 mg L' to 50 mg L, in accordance with
the concentrations indicated in literature (Margalit, 2004; Janés et al., 2010; Makhotkina
& Kilmartin, 2010). Shown in Figure 3.28 are the calibration curves for juice, synthetic
wine and white wine, respectively. For the quantification of GSH, catechin and caffeic
acid, no significant differences were found in the response between the synthetic wine
solution and the white wine. The calibration curves slopes were compared through the
F Test (p = 95%). As a high value of the intercept shows, higher absolute values were
detected because of the native GSH amount in juice and catechin and caffeic acid
content in white wine.
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Figure 3.28: Calibration curves for GSH (A), catechin (B) and caffeic acid (C) in juice (#), white
wine (A) and synthetic wine solution (s).
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3.13.1.1 UPLC method validation

The repeatability and the intermediate repeatability were determined as described in
Paragraph 3.12.6.2. Higher GSH levels were spiked in juice than wine due to higher
GSH concentrations occurring in juice than in white wine (Cheynier et al., 1989; du
Toit et al., 2007; Janés et al., 2010). The values presented in Table 3.20 and 3.21 thus
correspond to the sum of the native content and those spiked for each compound. As
can be seen in Table 3.20 and Table 3.21 for both juice and white wine, good
repeatability were obtained.

Compound GSH Catechin Caffeic acid
Concentration level 38.1 58.3 1174 306 417 531 27.2 375  49.6
SD repeatability (mg L) 2.6 1.6 3.9 0.27 0.75 0.79 0.26 0.44 0.22
SD intermediate repeatability (mg L) 33 2.5 8.6 14 0.77 1.2 0.61 0.63 14
Repeatability limit (mg L") 5.1 31 76 053 15 16 052 087 043
Intermediate repeatability limit (mg L) 6.5 5.4 12.1 2.7 1.5 2.4 1.2 1.2 2.8
RSD (%) 6.2 7.7 8.2 4.7 7.0 5.3 2.5 8.1 7.9

Average RSD (%) 7.4 5.7 6.2

Table 3.20: Standard deviation of repeatability and intermediate repeatability in juice; SD:
standard deviation, expressed in mg L7; RSD: residual standard deviation, expressed in
percentage.

Compound GSH Catechin Caffeic acid
Concentration level 1.2 31 6.8 54 126 246 0.21 4.7 12.8
SD repeatability (mg L") 0.0084 0.18 0.24 0.19 0.033 0.15 0.00078 0.11  0.17
SD intermediate repeatability (mg L) 0.13 058  0.54 030 043 039 0.0031 030 0.34
Repeatability limit (mg L") 0.16 036 046 037 0.065 0.29 0.0015 021 0.34
Intermediate repeatability limit (mg L) 0.26 1.1 1.1 0.60 0.83 0.77 0.0061 0.59 0.67
RSD (%) 3.8 6.3 2.6 8.6 2.6 1.1 15 6.7 2.7

Average RSD (%) 42 41 3.6

Table 3.21: Standard deviation of repeatability and intermediate repeatability in white wine; SD:
standard deviation, expressed in mg L7; RSD: residual standard deviation, expressed in
percentage.
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3.13.1.2  Limit of detection and quantification

The LOD in both juice and wine was 0.017 mg L, 0.014 mg L, and 0.0026 mg L for
GSH, catechin and caffeic acid, respectively The LOQ in both juice and wine was 0.057
mg L1, 0.048 mg L' and 0.0088 mg L for GSH, catechin and caffeic acid respectively.
For GSH, LOD and LOQ were lower than those previously reported in the literature
when HPLC equipped with fluorescence detector was used. Values of 0.06 mg L' and
0.03 mg L for LOD for juice and white wine and LOQ values of 0.2 mg L' and 0.1 mg
L for juice and wine were reported (Janés et al., 2010; Marchand & de Revel, 2010).
The LOD concentration for both catechin and caffeic acid in white wine were also
lower than previously found (0.11 mg L' and 0.02 mg L, respectively) (Castellari et
al., 2002).

3.13.1.3 Recovery

The recovery was performed and calculated by standard addition of the analytes of
interest to juice and white wine as indicated in Paragraph 3.12.6.3.

For GSH, the recovery in juice was 100.3% compared to 88.4% in white wine. This is
not surprising, as juice is known to have significant higher levels of GSH than wine
and confirms previous findings (du Toit et al., 2007; Janés et al., 2010). The recovery for
catechin was 98.7% and 111.3% in juice and white wine respectively, while that of
caffeic acid was 111.3% and 85.8% in juice and wine. These recoveries achieved during
evaluation of the method were in accordance with those reported in white wine for
both catechin and caffeic acid when quantified by HPLC (Castellari et al., 2002; Russo
et al., 2008).

3.13.14 Quantification in South African juices and white wines

In order to evaluate if the method is suitable for use as a routine analytical tool, 12
grape juice samples (Table 3.22) and 43 white wine samples (Table 3.23) were
analyzed. As seen in Table 3.22, GSH concentrations in juice ranged from 1.1 mg L to
42.3 mg L7, which correlates well with values previous reported (Janés et al., 2010;
Maggu et al., 2007). The investigated phenols ranged from 0.73 — 8.7 mg L' and 0.50 —
3.7 mg L for catechin and caffeic acid, respectively.

In wine, as can be seen in Table 3.23, the highest GSH concentration detected was 27.4
mg L7, which was in general higher in the white wines of the 2010 vintage. During
wine ageing, GSH concentrations are known to decrease, leading to lower
concentrations of this compound in older wines (Lavigne et al., 2007) which could
explain the higher levels we observed in the 2010 wine in general. The amounts
detected were also in agreement with previous findings (Janés et al., 2010;
Woraratphoka et al., 2007). The average GSH levels of 2010 Sauvignon blanc tank
samples (10 mg L) was higher than those of the 2010 Chenin blanc tanks samples (5
mg L1). Sauvignon blanc juice is often treated more reductively in South Africa, with
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the addition of N2, COz and higher levels of SO: to the juice, leading to an elevated
preservation of GSH levels in the juice and resulting wines (du Toit et al., 2007; Marais,
1998). The catechin concentration ranged from 1.20 mg L to 23.01 mg L and caffeic
acid between 0.16 mg L' and 3.69 mg L, once again correlating well with values
reported in the literature (Landrault et al., 2001; Margalit, 2004).

The low concentrations of these o-diphenols observed in the white wines analyzed
could have a positive influence during ageing, as high levels of these compounds
contribute to non-enzymatic browning of white wine (Li et al., 2008).

GSH Catechin Caffeic acid
Juice Cultivar
mg L1 mg L1 mg L1
1 Sauvignon blanc 40.0 5.9 0.78
2 Sauvignon blanc 39.6 6.3 0.83
3 Sauvignon blanc 10.6 6.6 0.51
4 Sauvignon blanc 414 4.5 0.41
5 Sauvignon blanc 41.8 8.7 0.59
6 Sauvignon blanc 37.2 7.7 3.7
7 Sauvignon blanc 31.6 7.0 1.0
8 Sauvignon blanc 42.3 7.0 1.0
9 Sauvignon blanc 36.5 6.6 1.0
10 Semillon 10.1 44 0.82
11 Semillon 20.7 34 0.50
12 Chenin blanc 1.1 0.73 0.51

Table 3.22: Description of juices analyzed and their quantification of GSH, catechin and caffeic
acid.
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GSH Catechin Caffeic acid
Wine Cultivar Vintage Description
mg L1 mg L1 mg L1

1 Sauvignon blanc 2010 tank sample 9.8 23.0 0.64
2 Sauvignon blanc 2010 tank sample 7.0 15 0.16
3 Sauvignon blanc 2010 tank sample 8.3 2.5 6.2
4 Sauvignon blanc 2010 tank sample 6.8 8.0 194
5 Sauvignon blanc 2010 tank sample 1,8 9.0 6.6
6 Sauvignon blanc 2010 tank sample 9.1 12.8 0.87
7 Sauvignon blanc 2010 tank sample 6.6 3.1 0.89
8 Sauvignon blanc 2010 tank sample 12.6 2.3 1.2
9 Sauvignon blanc 2010 tank sample 4.2 2.7 0.66
10 Sauvignon blanc 2010 tank sample 27.4 2.7 1.2
11 Sauvignon blanc 2010 tank sample 59 9.7 0.29
12 Sauvignon blanc 2010 tank sample 11.8 2.0 1.0
13 Sauvignon blanc 2010 tank sample 115 1.2 1.0
14 Chenin blanc 2010 tank sample 10.4 9.7 18.5
15 Chenin blanc 2010 tank sample 4.3 3.2 0.51
16 Chenin blanc 2010 tank sample 8.3 1.7 0.28
17 Chenin blanc 2010 tank sample 5.8 1.8 0.84
18 Chenin blanc 2010 tank sample 4.4 14 0.87
19 Chenin blanc 2010 tank sample 3.5 2.9 1.2
20 Chenin blanc 2010 tank sample 13.0 2.5 11.7
21 Chenin blanc 2010 tank sample 10.8 1.8 7.1
22 Chenin blanc 2010 tank sample 7.7 3.2 6.1
23 Chenin blanc 2010 tank sample 0.39 2.0 0.89
24 Chenin blanc 2010 tank sample 0.27 3.9 7.2
25 Chenin blanc 2010 tank sample 0.34 14 3.7
26 Chenin blanc 2010 tank sample 59 2.0 0.65
27 Chenin blanc 2010 tank sample n.d. 2.1 3.1
28 Chenin blanc 2010 tank sample n.d. 2.1 2.9
29 Chenin blanc 2010 tank sample 0.19 1.9 2.8
30 Chenin blanc 2010 tank sample 0.23 4.8 7.1
31 Chenin blanc 2010 tank sample 7.2 4.0 1.0
32 Chenin blanc 2010 tank sample 49 3.6 0.72
33 Sauvignon blanc 2009 commercial wine n.d. 53 55
34 Sauvignon blanc 2009 commercial wine n.d. 4.6 2.7
35 Petillant blanc 2009 commercial wine 0.50 11.7 5.0
36 Semillon 2009 commercial wine 0.27 5.9 2.8
37 Sauvignon blanc 2008 commercial wine n.d. 5.0 8.0
38 Sauvignon blanc 2008 commercial wine 0.27 59 2.8
39 Sauvignon blanc 2008 commercial wine 0.13 1.6 6.4
40 Sauvignon blanc 2008 commercial wine n.d. 44 29
41 Sauvignon blanc 2008 commercial wine n.d. 2.5 3.9
42 Chardonnay 2007 commercial wine n.d. 39 53
43 Sauvignon blanc 2004 commercial wine n.d. 22 53

Table 3.23: Description of white wines analyzed and their quantification of GSH, catechin and
caffeic acid.
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3.13.2 Evaluation of caffeic acid oxidation

This experiment was carried out in order to understand the effects of GSH and SO2 on
the rate of oxygen disappearance and caffeic acid oxidation, which was compared in
wine and synthetic wine solution.

Caffeic acid, GSH and oxygen were added at the same molar concentration (0.22 mM).
The caffeic acid was added at concentration normally detected in white wine
(Laundrault et al., 2001; Castellari et al., 2002).

The presence of metal ions, such as iron and copper, can increase the oxidation rate
(Danilewicz, 2003; Danilewicz, 2007).

3.13.2.1 Wine

The bentonite and active carbon treatments in the Sauvignon blanc wine were effective
in terms of protein and phenols removal; the latter was reduced to 18 mg L, expressed
as total phenols. The wine contained 5.5 mg L free SOz and 17.2 mg L total SOz. Since
no SOz was added to wine, it could have been produced by the yeast strain employed
during fermentation. The concentration of Fe and Cu in the tested wine was 0.21 mg L
and 0.12 mg L, respectively. The final concentration of Fe was 5 mg L, while no extra
amount of Cu was added. The levels of these metals were in accordance to those used
by Danilewicz (2007) when investigating oxidation of phenolics in a wine medium.

The oxygen consumption (Figure 3.29) increased in the presence of higher SO:
concentrations. This trend was similar in wines containing higher SOz (50 mg L)
concentrations, irrespective if GSH was added or not. On the other hand, in wine with
no added SO, the oxygen consumption was a bit slower in the presence of GSH, as it
showed a lower slope of the model curve representing the trend. Moreover, the oxygen
was also monitored for wine to which no caffeic acid, GSH and SO: were added; its
trend was comparable with the oxygen consumption observed for wine added with
caffeic acid. This could mean the oxygen consumption was more affected by the low
levels of phenols and SOz still present in the wine, than the added caffeic acid. In fact,
the content of dissociated caffeic acid affects the reaction rate between oxygen and
caffeic acid and it is low in the wine conditions (Cilliers & Singleton, 1989; Cilliers &
Singleton, 1991). The content of tartaric acid can compete for the iron coordination and
can also affect the caffeic acid oxidation (Danilewicz, 2003).

The GSH content decreased during the experiment, faster where no SO: was added,
and no GSH was detected at the end time. The SO: slowed down, as well, almost
disappearing (final concentration lower than 14 mg L-; decrease up to 30 mg L). In
the treatments where GSH was added its content decreased slowly and the free SO
concentration was higher. The presence of GSH and SO: could affect the rate oxidation
each other.

A lower content of caffeic acid was observed during the experiment and its decrease
was double in the treatments enriched with GSH. It confirmed the interactions
between caffeic acid and the thiol compounds (Cilliers & Singleton, 1990).
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No increased GRP concentration was detected in these experimental conditions. This
was probably due to the continue equilibrium shifts between GRP and caftaric acid
already known in wine which did not allow to observe an increase of GRP content
(Riberau-Gayon 2006). The presence of hydroxycinnamic acids could affect the GRP
formation, as well. Indeed, the wine contained some hydroxycinnamic acids, such as
caftaric acid, coutaric acid, fertaric acid, coumaric acid, ferulic acid, which level was
investigated, although the wine was treated with active carbon.

No changes in the content of caftaric acid and cis-coutaric acid were observed. The
trans-coutaric acid, cis-fertaric acid and trans-fertaric acid decreased in all the
treatments proportionally correlated to the antioxidant compounds level. The
concentration of coumaric and ferulic acid increased during the experiment.

For the total phenols content, a decrease was observed inversely correlated to the
antioxidant compounds level: when the GSH and SO: were higher, the total phenols
drop was lower. The SOz showed a stronger effect on phenols protection than GSH.
Changes in colour were observed through the absorbance measures at 420 nm and 440
nm which were increased for treatments where GSH added. An increase in the
absorbance means an oxidative colouration happened in white wine (Skouroumounis
et al., 2005). In these experimental conditions, the data did not confirm the positive
effect of GSH on the wine colour, as described in literature (Lavigne & Dubourdieu,
2004; Hosry et al., 2009). No change was detected at 280 nm.
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Figure 3.29: Evolution of oxygen concentrations in white wine with different treatments. Treatments: 1: caffeic acid addition; 2: caffeic acid
and GSH addition; 3: caffeic acid and SOz addition; 4: caffeic acid, GSH and SO2 addition; 9: no addition.
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Two different parameters were considered for the statistical analysis: the first was an
indication of the oxygen concentration at the end of the experiment (b0) (Figure 3.30). The
second parameter was corresponding to the rate of oxygen decrease (slope of curve
representing the oxygen trend) during the assay (b2) (Figure 3.31).

Initial concentration of oxygen (mg/L)

1 2 3 4 5 6 7 8 9 10 =5 Estimate

Identification number of treatment

Figure 3.30: Range plot of estimate for final oxygen concentration after 60 days incubation for the
different treatments (parameter b0). The treatments description is indicated in Paragraph 3.12.3.
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Figure 3.31: Range plot of estimate for the rate of oxygen decrease for the different treatments
(parameter b2). The treatments description is indicated in Paragraph 3.12.3.

No significant differences were evaluated between wine with no additions and wine
enriched with caffeic acid for all the parameter considered; it means the higher caffeic acid
content did neither affect the oxygen concentration after 60 days incubation nor the
oxygen decrease rate (numbers 1 and 9 in Figure 3.5 and 3.6). This was probably due to
low concentration of dissociated caffeic acid in wine condition, as described in literature
(Cilliers & Singleton, 1989; Cilliers & Singleton, 1991).

The oxygen concentration after 60 days of incubation showed that only the addition of
GSH as an antioxidant compound yielded not significant differences from the wines to
which 50: was added (Figure 3.5). Wine with no additions and the addition of caffeic acid
were not different; among the samples where GSH was added, the treatments showed
significant differences from those enriched with SO:. This could mean that the final
oxygen concentration is affected by the presence of antioxidant compounds, SO: in
particular. The combination of higher SO: and GSH increased the oxygen disappearance.
This data is partially in accordance to previous research, which showed that the presence
of GSH increased the net oxidation rate (Cheynier & Van Hulst, 1988). It was confirmed
only for low SOz concentration, but for high level of SO: the oxygen decrease was not
affected by an high GSH content. After 60 days incubation the oxygen level was lower in
presence of GSH, even though the oxygen consumption rate represented in Figure 3.29
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and Figure 3.31 was slower where GSH was added. However, it is clear that the addition
of SO2 drastically increased the rate of oxygen consumption (Figures 3.29 and 3.31). Its
content had a much larger effect than GSH addition for both level of SO2added. This is in
accordance with results found by Danilewicz et al. 2008, who also found the rate of
oxidation in red wine to increase in the presence of SO..

The oxygen decrease rate during the experiment was thus related to the additions GSH,
SO: or a combination of both, showing significant differences from those where no
additions were made or only caffeic acid. The oxygen decrease rate was however, slightly
lower in wine to which only GSH was added than in wine enriched with only caffeic acid.
This was in accordance to the study carried out by Cilliers and Singleton (1990), which
observed no effect exerted by the Cys on the oxygen consumption. On the contrary, the
study conducted by Danilewicz et al. (2008) showed an accelerating effect of the Cys on
the oxidation, probably due to its capability to form complex with copper readily reacting
with oxygen.

3.13.2.2 Synthetic wine solution

The Fe and Cu at the concentration of the synthetic wine solution was increased to 5 mg L-
Tand 0.12 mg L, respectively (Danilewicz, 2007). SOz was added at 20 mg L' and 50 mg
L to the synthetic wine solution in order to bring it on par with that of the white wine.
The oxygen consumption (Figure 3.32) was comparable between GSH and no GSH
additions where only 20 mg L of SO2 were added, but the GSH addition led to the curve
model slope being lower, again being in accordance to literature (Cheynier & Van Hulst,
1988). However, again the oxygen concentration decreased faster with the addition of SO:
50 mg L.

The GSH content decreased during the experiment and no GSH was detected at the end
time. The SO2 slowed down, as well, until disappearing. In the treatments where GSH was
added its content decreased faster.

As already observed for the wine treatments, a lower content of caffeic acid was observed
during the experiment and its decrease was double in the treatments enriched with GSH.
It confirmed the interactions between caffeic acid and the thiol compounds in synthetic
wine solution, as well (Cilliers & Singleton, 1990).

The GRP was formed in synthetic wine solution and its concentration was double where
only GSH added. It could be due with no SO2more o-quinones could be available to react
with GSH.

Cis-fertaric acid and trans-fertaric acid were detected and the concentration of the trans
isomer was higher. No data are described in literature concerning an increased
concentration of fertaric acid in synthetic wine solution enriched with caffeic acid, as well
as in wine.

For the total phenols content, a decrease was observed inversely correlated to the
antioxidant compounds level: when the GSH and SOz were higher, the total phenols drop
was lower. The SOz showed a stronger effect on phenols protection than GSH.
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Increased values of the absorbance were observed at 280 nm correlated neither with the
GSH nor with the SOz addition.
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Figure 3.32: Evolution of oxygen concentrations in synthetic wine with different treatments. Treatments: 5: caffeic acid and SOz 20 mg L' addition;
6: caffeic acid, GSH and SOz 20 mg L' addition; 7: caffeic acid and SOz 50 mg L' addition; 8: caffeic acid, GSH and SOz 50 mg L' addition; 10: SO2
20 mg L' addition.
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The parameters considered for the wine treatments were evaluated also for the synthetic
wine solution, as well.

Regarding the oxygen concentration at the end of the experiment, the synthetic wine
solution without any additions, to which only caffeic acid and only caffeic acid and GSH
was added to, was significant different to all the treatments applied (Figure 3.30). This
parameter was not significant different where higher SO: additions were made. However,
the addition of GSH did not lead to significant differences at the end of the experiment
between the samples containing higher concentrations of SO2 (Figure 3.30). This means
that caffeic acid on its own affected the oxygen level after 60 days incubation, as well as
the GSH addition. However, the latter only had an effect on the final oxygen amount only
at the lower SO2 content. This indicates that the SOz at higher levels could be mainly
correlated to the final concentration of oxygen in synthetic wine solution and the GSH did
not play a relevant role in these samples. This is probably due to the stronger nucleophilic
behavior of SO:2 at high concentration (Danilewicz et al., 2008).

The rate of oxygen decrease was affected by higher amounts of SO2. Indeed, no significant
differences were observed between synthetic wine solution where only caffeic acid, caffeic
acid and GSH, and caffeic acid and 50 mg L' SO2 were added, while for the addition of
higher concentrations of GSH and SO: the parameter was significant different. This
indicates that the synergic effect of both the antioxidant compounds at a high enough
concentration could faster decrease the oxygen level in a model system. This correlates
with our findings obtained with the real wine, where a combination of high SO. and GSH
additions also led to a quicker decrease in the oxygen content (Paragraph 3.13.3.1). This
data confirmed a previous research showing the GSH could increase the net oxidation rate
(Cheynier & Van Hulst, 1988).

3.13.2.3 Comparison

In wine, the enrichment of caffeic acid did not affect the oxygen consumption in the same
dramatic manner as when added to the synthetic wine solution. This data confirmed the
antioxidant protection exerted by the caffeic acid, as observed in synthetic wine solution
where it was the only phenol compound dissolved (Waterhouse, 2002; Li et al., 2008). In
presence of several phenols, as happens in wine, the antioxidant activity is exerted by all
of them, even though the wine was depleted of the phenols content. The caffeic acid
activity is in competition with the other phenols. A higher caffeic acid concentration
increases oxygen consumption due to the level of dissociated caffeic acid, but this could
be low under wine conditions (Cilliers & Singleton, 1989; Cilliers & Singleton, 1991).

The concentration of oxygen at the end of the experiment was affected by the GSH
concentration either in wine or in synthetic wine solution where lower concentrations of
SOz were present (Figure 3.30). This similar behavior can confirm the GSH influenced this
parameter in both the matrices considered. However, the lower oxygen concentration at
the end of the experiment in the synthetic wine was mainly induced by the SO: present at
higher levels.
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Moreover, the treatments carried out in the same conditions for wine and synthetic wine
showed significant differences. This was probably due to some compounds, such as
phenols, still being present in the wine which was not completely removed by the
bentonite and active carbon finings. These compounds can affect the oxidation of wine
and then modify the oxygen level after 60 days incubation. This data could confirm the
antioxidant potential of the o-phenols (Waterhouse, 2002; Li et al., 2008).

Oxygen concentrations in wine and synthetic wine solutions, showed a similar rate of
decrease of the oxygen during the 60 days incubation (Figure 3.31). In this case, in wine
different concentrations and antioxidant compounds can affect the decrease rate, which
was only significantly influenced by higher GSH and SO: concentrations. This probably
means that the more complex interactions happening in wine could have a stronger effect
on the level and behavior of antioxidant compounds (Waterhouse, 2002). Moreover, the
rate of oxygen consumption was lower in the presence of GSH in both wine and synthetic
wine solution. For low SO:2 concentrations, the GSH did not increase the net oxidation
rate, which was instead affected by high SO: levels, confirming only partially the data
described in literature (Cheynier & Van Hulst, 1988).

The rate of oxygen consumption was not significant different between synthetic wine
solution at low level of SO: with and without GSH added, and wine and synthetic wine
solution enriched with SOz, as well as between wine and synthetic wine solution with the
higher content of GSH and SO:. For higher SO: concentrations, the wine and synthetic
wine were similar, while it was not the case in the lower SO2 concentrations. The reason
for this is probably that the SO: played a large role in the oxygen consumption at higher
concentrations. However, this effect was reduced at lower SOz concentrations, leading to
other compounds, of which their concentrations and reactivity differed between real wine
and synthetic wines, playing a more significant role.

The treatments performed in wine and in synthetic wine solution did not show
differences on the GSH, caffeic acid and the total phenols content. An increased
concentration of GRP was detected only in synthetic wine solution, probably due to the
absence of several hydroxycinnamic acids, as the wine contained even after the active
carbon addition. The decrease of the absorbance at 280 nm occurring only in synthetic
wine solution could be observed for the same reason, as well. An increased content of
fertaric acid was detected only in synthetic wine solution, but no data are reported in
literature. The SO: decreased faster when GSH was added to synthetic wine, contrarily as
what happened in wine. Probably, the SO: could be oxidized faster than the GSH in
presence of lower concentration of phenols, as in the synthetic wine solution. Moreover, it
decreased no more than 30 mg L' as total SOz in wine and it disappeared in synthetic
wine solution (50 mg L"), even where GSH was added. It can mean the phenols content
could affect the SO: oxidation, as well as the equilibrium SO2/HSOs could have an
influence on its decrease.
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3.13.3 Evaluation of oxidation rate in different commercial Sauvignon blanc wines

Thirteen commercial 2010 South African Sauvignon Blanc were used in this study and
drawn just after alcoholic fermentation from steel tanks. No ascorbic acid was detected in
any of the wine.

The oxygen consumption was different among the different wines analyzed; for most of
them no oxygen was measured after 40 days of incubation (Figure 3.33). However, in the
case of wines 1, 4 and 7, oxygen was still detected until the end of the experiment.

As expected, the addition of SO: increased the oxygen consumption, as can be seen in
Figure 3.34. No oxygen was measured after 35 days incubation in all wines, even though
in most cases this was happening after only 15 days. This indicates that SOz can affect the
oxygen consumption during the ageing of white wines.
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Figure 3.33: Evolution of oxygen concentration in some commercial Sauvignon blanc wines to which no SOz was added.
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Figure 3.34: Evolution of oxygen concentration in some commercial Sauvignon blanc wines to which 30 mg L SOz was added
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No GSH was detected in any analyzed wines after 60 days incubation neither in wine
added nor not added with SO..

The GRP level increased and no correlation seems to exist with its formation and the
higher SO2 content.

The SO2 concentration halved at least after 60 days incubation, decreasing of 30 mg L-* and
more.

The GSSG content exceeded twice in all the wines considered; its increase was lower
when the SO:was added meaning the SO: could slow down the GSH oxidation.

The level of caftaric acid (cis and trans), coutaric acid (cis and trans), cis-feratric acid,
caffeic acid, coumaric acid and ferulic acid were stable during the 60 days incubation. The
trans-fertaric acid increased in all the wines, highly when the SOz adding.

The catechin concentration decreased in all the wines and it does not seem correlated to
the higher amount of SO..

The colour changes were monitored at 420 nm and 440 nm: higher absorbance values
were detected and the increase was related to SO: addition which carried less changes.
The absorbance measures increased at 280 nm for all the wines, independently to the
higher SO2 concentration.

The SOz addition showed an influence on the oxygen consumption rate, the trans-fertatic
acid content and the colour changes in the experimental conditions considered.

Two different parameters were considered for the statistical analysis, as described above
(Paragraph 3.13.2.1): the first was an indication on the oxygen concentration at the end of
the experiment. The second parameter corresponded to the decrease rate of oxygen
during the assay. The final concentration of oxygen was significantly different for most of
wines to which SO: was added, except for wines 7, 9 and 13 for which no significant
differences were revealed between the two SOz treatments. The slope of oxygen decrease
was at least from two to ten times higher in wine to which SO: was added (results not
shown). The rate of oxygen decrease was significantly different for all the wines, except
for wine 9, where the SO added did not significantly change the final oxygen
concentration or the rate of oxygen decrease.

Moreover, for all the compounds analyzed, the linear regression was performed for the
data at the beginning and end time, in order to find the straight line which could explain
the influence of that compound on the oxygen consumption. Among these 21 parameters
analyzed, 13 of them were selected. They had the best linear model which showed the
higher value of linear correlation (R?). The compounds that showed the higher R? were
copper, ferulic acid and total SO2. For these compounds, the linear regression was
separately performed which R? was 0.68. It means these three parameters can explain 68%
of the variance predicted for oxygen consumption rate.

Copper is involved in oxygen consumption as effective catalyst in the Fenton reaction
(Gunther et al., 1995) which causes oxygen reduction to hydrogen peroxide. The latter is
degraded through a reaction catalyzed by metals (Danilewicz, 2003). The main
antioxidant function of SOz is its reaction with hydrogen peroxide, limiting the oxidation
of ethanol and other saturated hydroxy compounds, as Boulton et al. (1996) observed
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either in wine or in synthetic wine solution. SO: is also known to reduce oxidized
phenolics (Danilewicz et al, 2008). However, the antioxidant capacity of the ferulic acid is
not well known in wine (Kilmartin et al., 2001, Waterhouse, 2002; Li et al., 2008) and
should be further investigated.

3.14 Conclusion

The novel UPLC method developed allows the detection and quantification of GSH,
catechin and caffeic in one rapid chromatographic analysis. The GSH derivatization is fast
and the preparation of samples is quick and easy and no purification step is required. The
validation has shown good repeatability, intermediate repeatability and linearity both in
juice and in white wine, as well as a good recovery in both of the matrices for all the
compounds investigated. The chromatographic method is also easy, sensitive, robust and
fast, making it excellently suited for routine analysis. The reduced analytical run time
allowed less solvent use, which reduced the waste generation, rendering the method more
environmentally friendly and more cost efficient.

The validated analytical method allowed us to perform the experiment concerning the
rate of oxygen consumption in white wine. In only one short run, the quantification of
derivatized GSH, caffeic acid (and catechin) was carried out. The data obtained in the
experiment focused on the caffeic acid additions in real wine or synthetic wines confirmed
that antioxidant compounds, such as GSH and SO could increase the oxygen
consumption. However, the complexity of real wine makes direct comparisons with
model wine systems very hard.

In the 13 Sauvignon Blanc analyzed, the oxidation rate was increased significantly by the
addition of SOz in 12 of these wines. The compounds mainly affecting the oxidation rate
were copper, total SOz and ferulic acid content; they constituted the 68% of the variation
of the oxidation rate observed, a good value considering the matrix, the considered
variables and the experimental conditions. A novel UPLC method has thus been
developed for the simulations analyses of GSH, caffeic acid and catechin in white wines,
which was used to assess of these compound’s concentrations in South African white
wines. The interactions between GSH, phenols and SO: in oxygen consumption in wine
were also preliminary evaluated using this UPLC method.

Further investigations into the interactions between GSH, phenols and SO: are required to
clearly elucidate the oxidative reactions taking place during white wine ageing.
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4 ABBREVIATIONS AND ACRONYMS

2-aminoacetophenone

3MH

3MHA

3MPA
3MPA-HQ
4MMP
4MMPOH
4MMPOH
Ageing sur lies

Caffeic acid
Caftaric acid
Coutaric acid
Cys

Cys-HQ
DTNB

E

Fertaric acid
Ferulic acid
GPI

GRP

GRP2

GSH
GSH-HQ
GSSG

H

HPLC
HPLC/ESI-MS

Hydroxycinnamtes

—

mBB
OTA
P3MH
P4AMMP

pBQ

1-(2-aminophenyl)ethanone

3-mercaptohexan-1-ol

3-mercaptohexyl acetate

3-mercaptopropanoic acid
S-mercaptopropionyl-p-hydroquinone
4-mercapto-4-methylpentan-2-one
4-mercapto-4-methylpentan-2-ol
S-(4-methyl-2-hydroxypent-4-yl)-L-cysteine

traditional enological practice, used during the manufacture of
wine, consisting in a variable time of contact between lees and
wine

trans-3,4 dihydroxycinnamic acid

trivial name for caffeoyltartaric acid

trivial name for coumaroyltartaric acid

cysteine

S-cysteinyl-p-hydroquinone

5,5’-dithiobis-2-nitrobenzoic acid (Ellman’s reagent)

yeast extract

trivial name for feruloyltartaric acid
trans-3-methoxy-4-hydroxycinnamic acid
glycosylphosphatidilinositol

grape reaction product (2-S glutathionyl caftaric acid)
2,5-diglutathionyl caftaric acid

reduced glutathione

S-glutathionyl-p-hydroquinone

oxidized glutathione

yeast hull

high pressure liquid chromatography

liquid chromatography coupled to electrospray ionization
mass spectrometry

term used to refer all compounds containing a hydroxylated
cinnamic structure, thus including: free cinnamic acids and
their esters

yeast lysate

mannoprotein

monobromobimane

ocratoxin A

5-(1-hydroxyhex-3-yl)-L-cysteine
S-(4-methyl-2-oxopent-4-yl)-L-cysteine

p-benzoquinone
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p-coumaric acid
PHQ
Pir protein

PPO
PVPP
RCP
SDS
Sotolon
TFA
TNB
UPLC
uv
YCWF

trans-4-hydroxycinnamic acid
p-hydroquinone

family of covalently linked cell wall proteins of S. cerevisiae),
are directly linked to the [3-1,3 glucans
polyphenols oxidase
polyvinylpolypirrolidone

reduced protein cysteine

sodium dodecyl solfate
3-hydroxy-4,5-dimethyl-2(5H)furanone
trifluoroacetic acid

5-thio-2-nitobenzoic acid

ultra performance liquid chromatography
ultraviolet light

yeast cell-wall fractions
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Compounds containing cystsine residuss, such as glutathions, can affect the redox potential of must
and wine by reducion of oquinonas and hydrogen peroxide. The ocenclogical yeast call wall
fractions contain cysteine residuas in thair protein structura, and they could affact both oxidative and
odor proparties of wine, An analytical spproach basad on fhe denvatization of oysteinyl residues with
p-henzoquinons followad by reversed-phase high-perdformance Bquid chromatography separation
was developed i quantify glutathione and free and protein cysteine in 16 Saccharomyces
cersviside stains and 12 commercial samplas of yeast mannoprotsins, bulls, and lysates. The
chemical modifications induced by the Maillard reaction following the industial preparation of such
fractions were evaluated as well Lysates showed the highest protein cysieine content and high
confents of glutathions and free cysieine. Mannoproteins showsd an intenss Maillard reaction
{furcsing =60 mg/1 00 g protein), and most of tha samples wera able o bind thio! compounds with a
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potentially detrimeantal affect toward the thiok-related odors in wins.

KEYWORDS: Cy

o

INTRODUCTION

Thial compounds of grape and yeast can strongly affect the
sensorial properties of wine. Some aliphatic thiok am involved n
the varietal aroma of wine even though their perception thresho ld
i in the order of a few tens of nanomales perliter (7 ). Barrel aging
and bottle stompe con decmme the concentmtion of such
compounds below the perception level in wine because of their
reaction with s-quinones and hydrogen peroxide ansng from
phenal cxddation (7). The reaction of quinones with the ador
mlated thiok, as well as other thiol compounds, produces thiol-
subatituted hyd roquinones (3) ord sulfide compounds lacking of
aromatic properties (f, 5). (Fhutathione (GEH) can preserve wine
odor since it can compete apainst the odor-related thiok, for
oxidation if its concentmation ewcosds a fow micromoles per
liter (). Cysteine {Cys) residues can ako hinder the alierative
or atypical aging of whitz wine by preventing the farmation of
Maillard reaction-related compounds such as sotolone (7 ) and
2 S-dmethyl-4hydroxy-32 H-Hfumanone §). The reducing pro-
perty of GSH toward the s-quinones produced by the tyrosinass
activity in must is well-known as well (#).

The memrcaptans responsible for the reduced odors in wine
repmesent a further group of thiol compounds, and they can be
remaved by racking wine under asrating conditions or by harmrel
aging on yeast loss. Mercaptans am converted to thiol-suhsti tuted
hydroguinones by reaction with the s-quinones or with the Cys
resid ues of the yest cell wall to give disulfides ). The antioxi-
dant propertics of the reducing protein Cys (RPC) from yeast los
hawe not been extensively investigated in wine, but some mesults
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show the Cys residues of yesst mannoproteins (MPs) to be
effective antioxdants if they are accessible to oxddizing male-
cules (M. Momsover, itis wel Fk nown thatwhite wines and spark-
ling wines develop faster nonen zymatic browning, cxidation, and
1o of odor-related thiols after yeast lees are emoved (6, 1) The
rekeaze of MPs from yeast Joss as well as the addition of yeast

ins to wine could incresse the antioxidant Cys content.
Mevertheksa, little is known about the Cys content of yeast ozl
wall fractions as well as about the antioxidant behavior of yeast
Iymates, hulls and MPs in wine.

The chemical modifications of the oenclogical yeast fractions
following their prepamtion procsdures have not boen evahated
to date. Indeod, the technologies applied to produce cenclogical
yeast fractionscan chemically modify the MPmaoiety of the yeast
od]ws]lHuttumlm‘lxmddrymgcmmm,uthmadoptud
to produwce yeast can promok browning due to
Maillard resction (12). The formation of a-dicarbony com-
pounds (12) and degradation of Cys residues (13) occur as well.
Such mactions likely modify the RPC content of the yeast frac-
ticms, affecting their antioxidant properties. Despite the growing
interest in exploiting such properties of yeast cdl wall fractions in
winemaking, a reliable analytical method is not curmently
availabile to quantify RPC. The adoption of classical analytical
approaches such as the Ellmans method (14) for the determi-
nation of glycoprotein CyE, & hindersd by the dark-yellow colar
produced by the MP solutions. On these hases, the presznt paper
describes 2 meliable analytical method to quantify both the
glycoprotein and the nonproteinacesus O content of yeast
fractions. The method was applied to asess the antioddant
properties of commercial samples of yeast lysates, hulk, and
MPs on the basis of their Cys content. The furcsine ndex was
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applied for asesing the heat damage promoted by the techno-
logical processes adopted for the production of yeast fractions.

MATERIALS AND METHODS

Chemicabs. Oy, 3 apaemas acad (3 MPA), and phemmogu-
name (pBO) wene purchased from Fluks Seatzerbind ). GSH, sterch, and
trifluoroacets: acid (TFA) were fram Sigma-Aldnch (5L Loum, MO)
Uiz acd was purchased from ) T. Baker (Philbipsburg, M), and the
aenobogcal [vemeyme was from Iniee {(Vermma, [aly). High-perfor mance
bgud chromatography (HPLC) grade methanal was purchaged from
Panreac {Barcebma, Spam), and HPLC water was obtamed by Malb-0)
system (Millpore Fler Corm, Bedford, MA)

Samples The fllowmg commercml smple of veast fracom for
aenobogcal usesuppbed by sin different producens as dred products wath
unknaan compaosisom were evaluaied: four MPs, four hulk, four haaes,
and two entracts. Addiionally, 16 commenczal dred yeast slanters em-
poved mwmemnak mgwens ev alusted: 11 stramswens (nom Lalbmnand Ine
mania, Canada), and 5 sirams were from Dal Cm (Milan, Dialy)

Derivatization of Cys Besidoes in the S amples. Sampbs were added
wilh 100 L af 400 4 M methanal solution of pBO. Aler | man of miung,
TmLof 500aM IMPA desobved m 0.3 Meatrate buller, pH 3.5, vas added.

Determination of Cys Besiduesin Yeast Fractions, A1 kast 50 mg
af maaluble sample (active dred yeust, vest hulls, and yeast saies) was
depersed m 50 mM of catrate buffer, pH 5.0, to oam a 2mL swpenson
wilh sample concentralions: m the rangs of 20— 100 gL, The dispersed
samgde was centrifuged at 5000z for 15 min at 15 °C by a thermaostatied
Sorvall cminfuge (Themo, Waltham, MA)L The supematants wene
chilutied 1 =10 ok, and 2 mL was subomitted o dervatzation. The pred-
petated matenal wasrsuspended m 5 mb of 50mM atrate buller, pH 50,
and submitied to the deriva fzaison reacBon. A ler deriva ieation, | mL ol
the susperism wis centrafuged &t 140005 far 5 man at 25 °C by a
thermestatied benchiop centafuge (Hettssh, Tultbngen, Germamy), and
the supermatant was submitled o HPLO separason. To recover (he
demmatzed IMPA potenizally adsorbed on the msoluble yeast Faction,
the precpatated maens] was mmeed wath 2 ml of 01 % drachlars
elhana] s deseribed by Ummarmao etal (15}, carefully reuspended, and
cemibrifuged at 140007 for 5 mn. The super matant was dred under vacuum,
redsmalved m 1 mL of wakr, and imecied mto HPLC.

WP and yest entrad samples were prepaned by dssohang 1 00-200mg
af sample m 2 ml of 50 mM catrate buffer, pH 500 The salulim was
submatied ko & derrvatmation reaction, and then, 5t was ultrafiltened wang
3 kDa cutod! Macrocon membranes (Milbpore, Billerca, MA) &t 140007
for 100 mm &t 25 *C by the themostatted benchiop enimifuge. The
permes e was submatted to HPLC separatim.

The relentate was sdded wath 1 mLof 001% hydrochkon ethanol and
cemirifuged at 14000z for 5 min_ The super natant was dried under vacuun,
amid the drsed materal was redes abved m S00u L of water before the HPLC
separation. Bach sample was anabyred m o last dupheae.

Preciion Parameters. The repeatatabity of the Oy readuss evalua-
tem method was asmegeed by submatimg one samgde of veast hulk and teo
sy e of veast Dyt to fve determma mseach. The resporse lmenity
af the method was smesed for RPC comeentraBions up to 120 oM by
desperang 7= 100 gL of & yeusthull sample comtamimg 018 mano] RPCY
100 g product m the 50 mM citrate bufler. The repome lmeanty of
the methad for higher RPC comeenies Bons (210800 g M) was attsined
by amalysng dispergons (10-40 g /L) ol & yest hull samgle comiaming
21 mmal RPCA00 g product.

Evaluation of Matris EMectsonthe Cys Hesdues Diete mination.
To evalusle peaitle interfrencs ammng from logh palysccharnde
comlents, ane samphe of yeast hsste (L) contammg GEH and pratem
Oy wan asayed with o withoul addibon of 30 or 20 gl of amylose
ar caramelized amybose. The caramelization was olamed by expoimg
2gal amylose sugpended m 2mL of 0.1% HO a0 11090 for 24 b Dnter-
ference of protem deulfdes {cyatme) was evaluated by submatimg 5 g/l
hsozyme solulson in 50 mM citrate buffer, pH 5.0, o protem Cys evalua-
Ham.

HPLC Separational Derivatized Thiol Compounds. The reversed -
phase (RFRHLPC of the thioksubstituted hydroqu and p-hydro-
qumime {pHO) was performed with & Waters Allance 2695 (Milford,
MA) squpped with a photodiode array detectar Waters 2996, The sepa-
ration column was a haxylpheny lealumn, 2 S0mm 5« 46 mm, 5 gm 110 A
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Figure 1. {A) Genaal schame of tha dervafizaton macion of Cys fids
with pB0 and { B) UV spacira abiained for deriafizad Cys (Cys-HO), GEH
{GEHHD), and Fmercapiopmopanac add (AIMPA-HD).

{Phenammenex, Tarrence, CA). Eluting sahenk wene walerinlluoroacets:
acad (0L05% v/vp and methanol; the comceniration of the latler insesed
from 10 Lo 35% m 1% mm durmgthe elufion grachentat 1.0 ml fmin fow.
Chremnatographe: data were acqumed snd processed by Milkrum
soflwane v_ 40 (Waters)

HPFLC | Electraspray lonization—M mss S pectrometry (E5 M S)L
Far M5 detection, e LOQ Deca XP spectrameter, controled by (he
Excalibur software (Therma Fmmgan, San Jese, CA), was operated m
pesvedom made. A pesicalumn ow sphitler was usad (o miroduce 1:15
af the HPLC flow sirsam into the ESL source. The BSL mierface and (he
Hom apiacs sl ngs were asfollows: spray potential, 5 0k'V; nebuleatim gas
{matrogen) nebstmve Moo value, 10; capallary lemperature, 275 °C; and cone
volizge, 30 V. Fullscan mas specira were acqured ssmmg the range
S0 500 2. W s accuracy wias ensured by cabibration with & miviure of
caffeme, nserpine, andthe tmpepbde PFE {m methanolwate 121, 0L1%
acels: wcad ) mifused separstely.

Cuamtilication of Thial Compownds. Cvs and GEH were quantified
chromatogra phasa lly by the eutermal standard methad m bath (he soluble
and (he msoluble fractions. Sandard salubson: contamimg Cys and GEH
cimoentra Bons up o 100 ab were pregared m 50 mM catrate buffer, pH
500

The concentratiom of FEPC m the svalusted sample fractom was
caleubyied s follows:

[RPC] = [pBQ] - {[Cys] + [CHSH] + [pHO + BMPA-HOQ])
whese [pBO] = concentration of pBC used for the dermvatzation, [Cys] =
camcm tration of Oy quanified & graphacl by, [G5H] =
taem o (i85 H quen tifsed dromatographneally, [JM'.PA-HQ] comcenilnalim
Mumwmgkhydmmm quantibed chramatagraphacally,
and [pHG| = o hpdrang iz

Evaluation of Protein Coment and Furisine Level The protem
cambenil amd furosie kel were determmed asdeerbed by R etal. {18)
with the fallowmg modifbcation: 200 mg of sample comspondmg Lo
abiut 30 mgol protem) wasadded with 8 mL of 8 M HCland sutmatied to
acad hydrolyas st 110 °C for 23 h befare sobd-phase exiractson SPEL

Total Cys Content. The tol smount of Cys e, O+ 2w chsime)
wig aggived on the aod-ydrol yed sample olamed from the funeane
determimation. A fler punifcatum with SPE an aC 18carindge, thesample
was cried under vacuum and redssolved m 015 M sodium cir bonale
bulfer, pH &6 The bullersd soluson was then submmitted 1o Oy
dtermm mition soconding ko Krausee et al {7

af 1he und

q
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Figue 2. HPL separaion o Cys HO, GEHHO, IMPA HO, and pHO dbisined from derivatization with pBQ of (A) strdard wate saufms of Oys, GSH,
and thermisiura and {B) MP sampla addad with Cys (M), yaast lsate (L), and yeast hull {H). HPLC-ESIMS spacka of CysHO (C) and GESHHQ (D) am

mpardad.
RESULTS AND DISCUSSION

The thial property to reduce quinones to thiolswbstitted
hydroquinones, as it spontansously oocurs for the squinones
in must and wine, was adopted to asmes the Oy mesidues in the
yeast fractions. For this purpose, the symmetric pBQ) was used a5
a derivatizing agent to prevent the formation of multiple hydro-
quinone derivatives and to obtain the single mono derivative for
each thiol molecule. The molecular size of pB() is comparable to
that of the s-quinones detectable in must and wine, and it can
meact with the thiol rsidwes actually accessible in the glyoo prot cin
structumes. The formation of thiol-substituted hyd roquinones

{Figure 1A) & fast and stoichiometric at room temperature, and
itallows Cys and GSH to be detected spectrophotometrically as
S-cysteinyl-p-hydroguinone (Cys-HOQ ) and S-glutathionyl-p-
hydroguinone (GSH-HQ) ), respectively (Figure 1B). The thiol deri-
vatization procodure was followed by the addition of IMPA to
remove the excesding amount of pBQ. The latter could be mducsd
to pHO) by oxidation of the thiol-substituted hydroguinones to
thicl-substituted p-quinones, which are able to bind a further thicl
molkcule, so0 forming a dithiolsubstituted hydroquinone (15).
Morcover, pB() can meadily polymerize to produce brown com-
pounds.
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The formation of Cys-HQ and GSH-HO) in citrate buffer
solution/suspension containing Cys and GEH (Figure 2A) or
yeast fractions (Figure 2B) was confirmed by HPLC-ESI/MS
{Figre 2 €, D). Such thisl-substituted hydroquinones, including
S-mercaptopropionyke-hydroguinons (IMPA-HO), showed a
maximum absorption at 305 nm wavelength (Figure 1B). The
HPLC pattern of Figure 2A ako shows the formation of both
pH and minor amounts of dithio-substituted hyd rquinones
following the derivatization reaction. The excending amount of
pBO could be effectively removed by the addition of sulfur
dioaade, but the amount of the products obtaned after such a
reaction is affectad by a number of factoms (19). On the contrary,

Table 1. Analytical Values (uM) and AS0s Obtained from Five Repicated
Deteminedons Padomed on One Sample of Yesst Hul (54) and Two
Samplas of Yeast Lygates (L2 and L4)

oE Gan T
- - T ) 24 L= L4 o L2 L4
433 00 1B 134 10 82 173 35 e
430 00 2 180 &7 1M m ] 241
438 00 28 183 104 102 168 311 254
442 00 28 138 MO 103 164 25 oA
431 00 18 148 M3 &2 188 280 248

[Ty 430 23 WE WE &7 1wz =) e

RED %\ 12 AT T B4 -3:] B1 [-1x] 42

PLEEE

Peak arca (W x =)

0 1] Ty}

T

0 n ]

£ y=2058%

Canpembration [p%)

[n)

Timli alal

the addition of 3MPA allows us to verify whether the amount of
PBO exceods the content of Cys esiducs and to assess the kevel of
residwal pBO after thiol dervatization. Az aresult of the developed
analytical approach, the amount of the RPC was calculated by the
difference between the amount of added pBQ and the amounts of
38H, Cys, pH, and IM PA-H() chromatographically evalusted.

Because the insoluble cell wall fractions were submitted to
derivatization with pBQ) after remaoval of the soluble Cys residues,
the amount of pBOQ reacted with y-glutamy-Cys and cysteinyl-
ghycine potentially present in yeast prepamtions was asumed as
negligible. Such dipeptides represent about 4% of GSH in
yeast (20) therefore, their contribution was not taken into
account ako for the MP samples where the nonproteinaceous
Cya thiok were never detected. The amounts of dithiol-substi-
tuted hydroquinoness were not included in the calculation sinos
their values were close to the limit of quantification {sgmal-
to-noie ratio > 10). The removal of the soluble material from the
samples allows an effective RPC delermination in wine yeast lees
since sulfur diowide interferences are minimized (data not shown).

The precision pammeters for the quantification of Cys, (GSH,
and RPC we assessod by analyzring one samplke of yeast hull and
two samples of yeast lysates (Table 1). An average vahee of 5.4%
can be assumed for the relative standard deviation (RSD) of Cys
thiol concentrations excoeding 10 abd.

The calibration curves of Cys and (38H (Figure 3A) showed
linear and similar analytical responses for concentrations up to

i) 100 120

250
13.76; R? = 05700
21N}
"
- 150 =
L =
- EL
177% + 4,10 B = 01 a814 =
inm =
'
'
'
50
o
Rid 100 120

Mol smaembeation (L)

Figue 3. Analyiical respanse oifhe propased anslyiical methad obisined for{ A) standand solufions of Gys and GSHand (B) kigh (sdid ine ) and low {dashed

ina) APC concarirafions. [ata of duplicsiad delerminafons ams repariad.
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Arficds
Table 2. Effact of Amyless or Cammalizad =8 on tha Ousnt fication of
the Cys Residuss in 2 Sampls of Yeast Lysate
ampunt (mmoi100 g sample)
amfe carameized amyloes
aed amourt (gL} GSH RPC 3SH RPC
o 02-0x 1588144 (0XB-0XN 18138
30 02-p2 1515 05-0% 1515
B0 0x-022 157180 O0XF-0E 18138

*Fiealta of cuplicated dtemiratioeg ane repomed

106k M. Bocawse no standard material i commercially availablz
for RPC quantification, the range of linear msponse was cva-
heated in yeast hull suspensions contining RPC lkevel up to
A e M. Suspensions containing B PC amounts higher than 210
M wereprepared by dispersing 10—40 gL of a yeast hull sample
containing 2.1 mmol RPC/100 g product. To not affect the
mepresentativensss of the sampling, amounts higher than 50 mg
wemr ussd to prepare the suspensions intended for linear res-
ponse asmessement. For this resson, the linear response for low
(=180 M) BRPC concentrations was evahmted analyzing sus-
pensions (27-100 g/L) of a yesst hull sample containing 0.18
mmal BPC 10 g prodwct. Under the adopted conditions, linsar
msponses were o bserved for the entire range tested (Figure 3B).

According to the signakto-noie atio, the detection limits for
Cys and GEH by means of HPL Canalysiswere() 30 and 0.26,:M,
mespectively; for the same compounds, the quantification lmits
weme 10 and 085 M, respedively. To asess whether RPC
quantification was affocted by matrix effects anising from poly-
saccharides or disulfide bonds, the quantification was performed
after the addition of incressing amounts of amylose or carame-
lized amylose to a yeast lysate. Mo significant difference (p <
0.05) was found for RPC and GSH quantification in the presence
of either amylose or caramelized anylose { Table 2). Smilady, no
mterference was observed when 5 g/l lwozyme, a protein
containing four disulfide bonds, was added to water solutions
containing (8H or Cys.

The analytical approach was first applied to the chamcteriza-
tion of 16 commerial samples of oenclo gical dry active yeasts to
cvaluate their natural thiol content. Bocause the yeast samples
tested were aimed to both effective propagation and alecholic
fermentation, a wry low intensity of Maillard mreaction was
expocted. Indesd, the furosine values were lower than 8 mg' 100
g protein (Table 3), and they agres with the values detected in
other unprocessed hiologieal material (27 =23 ), although no data
are reported in the literature for dry active yeasts. Amounts of
RPC in the rangs 0.76—1 28 mmol /100 g were detocted in yeast
samples as well a3 GSH level up to (092 mmaol/ 1060 g (Table 3).
(38H isa cytoplasmatic metabolite, and it likely arises from the
Iyais of yeast cells during drying. None of the studisd samples
contained free Cys. Bocause the MP fractions mepresent about
10% of the yeast cell wall and theyare mainlylinked to the outer
layer of the glucan hackbone (24), cenclogical glycoprotein
fractions with a higher content of Cys residues can be potentially
obtained. The commercial MP samples showed levek of RPC
very different from cach other. Sampls M1 and M2 had the
lowest Cys lovels (Talle 4. Bample M2 presented the highest
furcsine lewel, thus suppesting a strong heat damage, which
agreed with the dark brown color and the burnt odor character-
wing the sample. The RPC level of sample M4 was close to the
values found in the dry yeast samples. Overall, the RPC levels
were far from those nesded to obtain effectiveantioxidant activity
if the wual amounts of MPs added to wine (200— 500 mg/L) ar
taken into account. Meither GEH nor Cys was detected in the
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Table 3 Characterirafion of 16 Samples of Oenoiogical Dry 5 sochammycss
cemuals Sraing Accoming 8o Their Content of Cys Fomes, Protein Content,
and Intarsity of the Malliard Rasciion Expressad as Furasing Lewl®

rduing
00 g
frceing ceral
prin (mpf0dg Ce
sample (MO0 g) protein et RPC (el 100 g)
1 13 xy o 0vE 71
2 10 o 0B
3 108 oam R
4 120 36 ox® 0Es [-1:]
B 120 0w o
B 103 TE o0& (R ] B8
T 120 o e
B 120 [xX:i] e
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0 138 TB 05 oes 45
mn 1o AE 0es
2 a2 o oar
B 168 k) 0= k=] TE
H 136 B o 102 TB
B 148 [ak=:] 108
) -] 12 [x1 1] 12
NETRE 121 B1 =1 a4 [-1:]

* Oneral Cya refers b0 48 + 2 = oystiee

Taded. Charadtedzaion of Commenial Yead Cal Wall Fracfionsand Yesst
Extmits According to Their Contartsof Fres Cys, G5H, RPC, and Owarall Cys

{Cys + 2 » Cystng)®

[E3
o100 g
fures e
prosin 00 g

sample  (gMO0g)  petei)  oerecoveed  fes GSH RPC ovesml
M 28R =B <00 o 1] [lic] 0
-3 1051 54 <001 o 1] 1] 0
L) afe g2 oo o o [0 ] 23
(2 BT &7 o o 1} o5 i
H1 TAE 7 oo o o [l ] a3
H2 BTS 12 {ili<] o 1] oo 44
H3 BET -] el o 1] o4 3
H4 1152 12 o 28 0B O0BE 108
L R ] 3 o o 043 073 -3}
L2 hrE- ] o o 03 14 158
L3 64 = e} 03 46 081 12
L4 5 3 o oo7T 2B 13 8]
E1 e 1 ik -] o 1] 11 w4
E2 ZHET 20 0 o 1] 0vE  ZEd

ATk pretein cerert drdl e rleraity of B Mailind reantion expremed 23
P leved are repoded. The urnecoensd Cye refers o e amount of analicaly

migdng Oy ater B addilion of krown amounts of Oy 1o samples lacking in
Ponpoleracacs Oy residuss (M, M7, H, Rl L sl and £ eximac).

commercia] M Psamples. Surprisingly, the amount of IM PA-HO)
increased when Cys was added to samples before derivatization.
Sucha behavior oocurmd with mostofthesamples notcontaining
free Cys and GSH, and it was likely due to the presence of oxidi-
7ed phenal aminoacids in the protein structure {100 The sensorial
properties of wines containing odor-related thick can be detri-
mentally affected by the addition of M Ps capable of binding high
amounts of thiok like sample M4, In this regard, 200— 40 mg/L
of such MP could deplete up to 250—500 M of thiols from wine.
Contrarily, such MPscould be usefully added to wine as an carly
treatment for removing the reduced odors since they can link
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mencaptans, so avoiding exposure of wine to oxygen or the
addition of copper sulfate. The high furcsine vahes of MP
samples indicate a strong extent of the Maillard reaction. These
commercial MPs ame capable of rapidly increasing the formation
of atypical aging-related compounds in wine. Therefore, their
addition to wine to mprove colleidal and tartaric stabilities or to
modify the astringency and the viscosity can also deplete wine
odor and decrease wine shelf Tife.

Yeast hulls having a high RPC content could protect wine
during bamrel aging from the exidative effect of micro-oxygena-
tion. The analyzed commercial samples presented BPC kevels
close to the values detected for MPs aswel assimilar capability to
hind free Cys. The amounts of GSH and free Cys revealed in
sample H4 were likely due to (GSH and Cys additon during
manufacturing to increase the mducing properties of the product.

Amounts of RPC effoctive as anticoddant were detected in the
yeast lysates L2 and L4. The former alio contained high levels of
(G5H. The amounts of (GSH detected in samplks L2 and L3
accounted for (L8—12% of yeast dry weight as reported in the
literature (25). Mevertheless, their overall Cys content was about
twice higher than the level found in the dry yeast samples, and
likely, an enrichment with exopenous GEH oocurned.

Bocause the cytoplasmic GSH represents about 05— 1% of
veastd ry weight, high amounts ofGSH were expectad to be found
in yeast extracts. Momover, inspite of the high value of total Cys
{about 30 mmaol /100 g sample), no GSH was detected in the two
extrmct samples, and wp to 050 mmol Cys/L00 g sample was
combined after the addition of Cys to the same samples. Such
data suggestan intense oxidation of the yeast extracts likely due to
the chemical'heat damage arising from the ndustrial product ion
a5 supported by the high furcsine values ohserved.

A wide range of oenological yeast fractions are commencially
available, and yesst hulks, lysates, and MPs effective against wine
cxidation and wine atypical aging can be potentially obtained.
The data reported in this work show that a number of such
cenological samplks do not hawe weful reducing properties.
Maoreover, the technologies applied for their production ame not
suitabile for preservin g the B PC content of the yeast fractions. On
these bases, both odor and antioxidant propertics of wine could
he potentially endangerad by wsing most of the studied samples,
which cannot be considersd profitable in winemaking.

The RPC content of yeasts suggests that more useful fractions
could be obtained to protect the odor-mlated thiok and to
increase the shelf life of wine. In this regard, the adoption of
specific culture media to increase (35H and RPC contents in
yeasts, the selection of yeast strains with mproved MP mlease
properties, and the wse of specific enzymatic procedures conld
ereatly enhance the cenological propertics of yeast fractions.
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The effect of different sulphwr dioxide concentrations on culturability and vishility of seven strains of
Breftanomyees brusellensis was tested in a synthetic wine medium [SWM) and a different response to
malscular 502 amang strains was detecied . Sulphur dioxi de induced a viable but non aulturable [VBNC ) state
in all the straim. The greater percentage of VBNC o=lk were identified for five straim at maoleaular 305
mncentrations a2 mgil and for two strains at the concentration of 0.4 mg/l Vinyl phenals were detacisd
in media @mmntaining VBNC or not viable B bruxsllencis, suggesting that its spoilige metbolism could be

[ P T— maintained during wine siovrage. Overall, this study indicates that 30, & a chemical stressar inducing VBNC
Salfur dicosds state in B, bruxe kmsis grown in synthetic wine meadium Rurther studies are needed to evahate the efiects of
Via biliny 30k on the metabolism of this yeast in wine spoilage.

VBN © 2010 Esevier BV. All rights reserved.
Volatle phends

1. Introsd wethon Delofe et al, 2009 have been applied to study the correl ation be tween

‘Wine composition at the end of malelactic fermentation (high
ethancl, low content of fermentable sugars and low pH, presence of
sulfur dioxide)] prevents most bacteria and yeasts from growing
Nevertheless, Brettanomyaes bnuxellensis | teleomorph Deblena bnovel-
lensls) can grow in these conditions and leads to the prodwction of
wvolatile phenols responsible for the off-flavwour described as animal
odours, B, horse sweat, medicine and animal leather | Chatennet
et al, 1992) Moreover this yeast is able to produece biegenic amines,
nitrogen compounds nodms to human healt (Canso e al., 2002,
Vigentni et al., 2008; Agnolecc et al, 2000). For these reasons the
spail ageby B. bnivellens it yeasts can lead to relevanteconomic keses for
the wine industry.

During the last years Brettanangpces has been extensively studied in
order to gain knowledge on its ecology and to establizsh a strate gy for
adequate control measures. Specific molecular methods for the
identfication of Brecranamyces yeasts, directly from wine | Tessonniére
et al, 200%) and from grape varieties | Renouf and Lonvawd-Funel, 2007,
Agnolucci et al, 2007), have been recently developed. Furthemaone
several different modecular methods [ Miot-Sertier and Lonvawsd-Funel,
2007, Martorell et al, 20dd; Curtin et al_, 2007, Agnolwci et al, 20090,

* Comesponding author Department of Crop Biodogy, Unrersiy of Pia, Vi del
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the genetic diversity of Brettanampces isolates, collected wor dwide,
and theirspoiage ability. These studies show that: [a) B bnoellensis
is the only species found in wines, (k) this yeast can be present
on grapes, (c] all the strains of this species imestigated so far can
prosdisce volatile phenols, (d) the level of wol atile phenols production
can vary amdang strains, bt is not di rectly comrelated to their molecular
diversity

Isolation and charadenization of micneorganisms from wine have
beeen wsually camried out assuming that all the cells were able to grow,
multiply and give rise to colonies (the viable and culturable popul ation,
VL) in the growing media Thus, the density of the viable but non-
culturable [VEMC) microbdal population cannot be evalsated. Indeed,
the entry into VBENC state in response to stresses swch as osmotic
pressure, temperatune, 0Xygen concenration was shown in microbdal
cells, particulardy bacteria The same environmental stressors oould
aocur alse through the winemalking proces. Moneaver, VENC cells can
recover a cultwrable staie when Bvourable environmental conditions
are mestored [Millet and Lonvawsd-Funel, 2000; Divel and Lonvaud-
Funel, 2005). The existence of a VEMCike phenomencn in B
bnixellensis has been suggested by Miller and Lomvawd-Funel [ 2000)
and oheerved only in B. bnuxellensis strain B3a by du Toit et al. (2005

Sulfir disxdde (504) is the presenative most commonty added to
grape must and wine to control the growth of the spoilage micro-
organisms during the wine-making process but its eflects on
B bnellens populations are poordy understood. The aim of this
stdy was to i nve st gate the effect of sulfur diootide on the viability and
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culturability of seven B bnoellasis strains and their production of
valatile phenols and biegenic amines.

2 Materials and methods
2.1, Yeasr straing and maintenange cond dons

Seven srainsof & briseellensis (1 L 20 T, BD2, BDT, B4, 3 Tand 12 T),
collected from Chianti area threughout the vinification of Sangovese
grapes and geneticlly and physologially characterised in a previous
waork [Ammadea et al, 2009), were wed The yeasts, stored at —80°C
[Collection of Departmenit of Crop Biokogy, University of Pisa) in gheera
0% (wiv) weere revitalized and maintained onYPDagar | 1% yeast extract,
2% peptone, T8 ghecose, 2% bacteriodygical agar; Onoid, Milan, aly).

2.2 Sulfur dioxide effect on aul urabdlity and wabdity

The effect of different concentrations of sulfur dicuide added to a
synthetic wine medium (SWM) on the culturability and viahility of B.
bneeellensis strains has been evaluaed for 24 b The composition of
SWM was the Bllowing: 671 yeast nitrogen base (Difm), 15l
fructose. 5/ ghycerol, 5 /L tartanic add. 05 g/L 1-malic acid. 0.2 gL
citric ackd. 4 gl i-lacticacid, 12 g/l NHL0.0.02 g/l uradl 5 me'L oleic
acid, 0.5 mi/L Tween 80 and 15 mgl ergosienol 0018 g/l pepone
[Vigentini et al, 2008). The medium was adjusted to pH 3.5, After
auteclaving, it was supplemented with ethanol 11% (v/v) and ten
milligrams per litre each of p-coumaric and ferulic acid. The final pH
value was 167 This mediumwas supplemented with differe nt amownts
of potassium metabisulphite (PMME) sterile water solution to obtain
final concenitra tions of O, 0.2, 0.4, 008 08 and 1 mg/L maolecular 505 (as
described in paragraph 2.4). Four milliliters of each solution wene
distributed in two 2-ml microcentrifiege tubes | one for the cul turabil i
and wiahility assessment at the beginning of the experiment and the
other one for the 24h asessments). Analyses were performed in
triplicate.

For each strain, cells from YPD agar plaes were inocuated and
grown at 25 °C withow shaking in YPD liquid mediem oontai ning
ethanol at 10K (wv] The celk were harvested after T2-h growth,
washed with sterile phys oo cal sol wtion, checked by cell countingina
Thoma counting chamber and inoculated at an initial concentra tion of
107 cells/mL Samples were completely used for the analyses. Cultur-
ability was evaluated at the beginning of the experiment (at the
muxme nit of the i noculum addition) and after 24 hof inasbation at 25 °C
without shaldng One ou tof two-mL of each sample was wsed to pre pane
the appropriate decimal dilhetions in 001% peptone water solution, YPD
plates were spread with 0.1 mL and incubated at 25 °C fr 7 days.

Different cell viahility s@ining techniques using methydene bilse
[Uscanga et al. 2000), trypan blwe (Xu et al, 1999), 3-(4.5-
dime thid thiazel-2-y ] -2.5dipheny] tetrazolium bromide (Hjertsedt
ef al, 1948 ), fluomescein d lacetate-ethidium bromide (Nikolowa et al,
002) and LIVE/DEAD yeast viability kit | Molecular Probes, Inc, DR, USA,
Millardetal, 1947 ) were evaluated in preliminary stud jes to distingish
between viable and not viable cells, and the staining with trypan blue
gave the best data

Viability of B bnxellensis was assessed at the same time points
(024 h), by trypan bse staining. The remaining 1-mL of each sample
was centrifuged at 5000 <g for 5 min and washed twice with 0.1 M
phosphate-buffered saline (PES, pH 72). The preparations, and the
appropriate dilutions thereof were reswspended in 100 pl trypan bise
(04 mg/mL in PES) and incubated for G0 min statically. The number of
vt viable and viahle cells was countedina Thoma cownting cha mbser by
Reichert-jung Pohrvar microscope (Leica, Milan, Italy ] Typically, about
250 cells were counted for each strain in each assay, and these wene
repeated at least twice.

23 Sulfier diod de effect an volad e phenols and bioganic ami res produaion

In order to study the influence of sulfur dicxide on volatile phenols
and biogenic amines production, a 55-day experiment was carned
out In this experiment the strain B bnxellensis 1 Lwas wsed because
of its low sensitivity to the sressor, and becawse it was the most
representad andwide by d istributed in the areas ofisolation among the
strains tested (Agnolucc et al_, 2009).

Nime Edenmeyer flasks [labelled from A to 1) with a capacity of
250 mL containing 250 mL of SWM medium were inoculated with B
brusellensts strain 1 L adapred tothe mediumas desaribed in paragraph
22 at aninitial concenitration of 10° cells/mL in flasks A Band CnoPMEB
was added (contmd), flasks D to | were added with amounts of PME
sterile water solution toobtain final concentrations of L4 mg/L(D. E.F)
and of 2.1 mg/L (G, H. 1) modecular 504, Incubation was carnied out at
25°C wit hout shaking.

Aliquats of 15 mL sampled from each flask after 0, 17 and 55 days
from inoculation were filtered throwgh a membrane filter with a pore
sizeof 0.2 pminto 15 mi Falken tubes and stored at 4 " Cuntil analysis
Vilatile phenols and biogenic amines were analyred as reported by
Agnolucc etal (0],

At 0,1, 3,10, 17 and 55 days culturability and viahility were
evaluated as described in paragraph 2.2

To minimize oxygen diffusion during measurements, the deter-
mination was camied out by flushing certified pure nitrogen gas
[Arcogas 5d, ltaly) [flow rate of 20 L/min; punity =99 999%). Sulfur
dioxide concentration was checked at the beginning and at the end of
the experiment, as described in paragraph 2.4

At the 14th day of incubation 2 mL samples from flasks D contining
04 mgy' L molecular $05) and G (containing 2.1 mg/L molecular 50;)
were @ntrifuged and the peliet was resuspended in peptone water in
order to remove the siressor. Cells were then incculaied inte lguid YPD
meedium, and aft er inasbation fer 5 days at 25 °C with aeation, viahility
and cultu rability were determined.

24_ Detenmination af free 502

SWhE containing 0.2 04, 06, 0.8, 1 and 21 mg/L molecular S0,
were prepared acoonding to Usseglio- Tomasset and Bosia | 1984) for pH
367 and 115 v,v) ethanol solutions at25 *C The free 50, concentration
was analytically assayed by lodometnictitadon accordng to the Ripper
method [ landetal, 1993) 24 h after PME sol whilisation. The differences
between added and assayed free 502 were negligible.

25, Sraristical analysis

Two-way variance analysis of data was performed wsing 5P55
w120 software (5PSS5 Inc. Chicago, IL. USA) after appropriate
transformations. Mean valees were separated applying the Tukey's
test. The difference of CAU between 0 and 24 h divided by CFU at O h
was wsed o assess the effect of 50y on culterability, The ratioviable to
total cellsat 24 b minus the mtio viable tototal cells at 0 h waswsed o
assess the effect of SO0y on viability.

3. Results and discusskon
31, Sulfur diaxdde effecr on culnunabili and vabidliny

Arapid antimicrohial activity of sulfur dioxide on B bnosellensis
has been described by Du Toitet al [ 2005). Therefore, the effect of S0,
o viability and culturability of the seven strains was evaleated by a
short-term liquid medium assay (24 h). Analyses of variance
periormed on viability and culturability data showed statistically
sgnificant differences [P 0U0T ) for maolecular 50; concentrations as
well a5 for strains, also pointing out a significant interaction
[P<0U0N ) between the two Boors.
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Table1
Wiahility (wiable csfis) and oub oy | ou cellis), d 35 mean pex + standar emmar, of Bresfoeomyes baoelbrss daes in SWM afier 24 h exposue ©
diffe e modsr ular S0, CoC SITTESNS.
Saraine T Vo cells X Culmuralie cells
Sy mgd S0 mEl
a oz o4 a1 0= 1 a oz o4 s az 1
1L Ed54+16 45,0496 24415 192432 00 +E6 N7+18 TEE+45 161423 a a a a
mT 22429 580+3 8 53486 BGEE 463 175401 102 +13 TES 443 120425 a a a a
BD 2 E254+7.6 41402 ET+1E BE+15 45 +07 45+1.4 S0E+7.4 I1.1+26 a a a a
BOT EEA+1S 67,0453 169412 45414 N2+06 9+1.4 BT 453 B0.54 455 31+03 a a a
12T 1000+ 13 G20+ T 146430 1420 09 +48 147420 10004395 54447 a a a a
aT 78411 B57+1.4 H0+43 120420 134+23 l00+09 TAE+11.0 IE34+1E a a a a
BF4 EEZ 44T 5E04+41 127418 17433 NE+16 1264218 472487 325417 a a a a

Wiahility and cultwrability data of Brettananycss brusellensts isolates
are shown in Table 1 as percentage of the viable cells and pereentage of
culturable cells, respectively, after 24 h exposure todiferent modacular
50, concentrations. In particular, after exposure to 02 mal 50,
culturahility has deareased for all straing ranging between 12% and
B5% culturabl ity de pending on the strain. When the 504 concentration
was increased to 4 gL SOy, only strain BDT gve culturable cells, and
o cobonies were formed on YPD agar by the other six strains. The
percentage of viable cells as measured by direct stining, akodecreased
o exposwre b malecular $0. At 02 mg/L S0 the peroentage of viable
cells ranged between 67 and 455 At 04 mg/L 50, the percentage of
viable cells mnged between 6.7 and 324% depending on strain. The
difference between percentage culturability and percentage viahiliny
supgests that a good propoertion of the cells after exposureto S0, were in
a VBNC state (for example, with strain 20T, no culturable celk wene
detected after exposure to 0.4 mg/L S0y, but 2535 were stil| viable by
direct staining ). AtS0s concentra tionof L6-1.0 mg/1 no cul turable cells
weredetected for all strains, but some 2926 8% of the cells were still
viable These results indicate that the response to 50, is concentration
dependent up to04-006 mg/L The greater amounits of VBN cells wene
iden tfied for five strains at 50, conce ntrations of 02 mg'L and for twoe
strains at the concenitratien of 0.4 mg/L

The VENC state in B bnellensis yeasts was observed by du Toit etal
[A05) fior thee strain B3a in wine conta ining 02508 mg'L of molecul ar
504 On the contrary, Barata et al (2008), analysing a wide range of
B bruxdlensis strains, did notobse rve the existence of an active but non-
culturable populaticn after the addition of 504 to wine

Inithe ool emical prad ices, the leve ks of free 504 recommended for
red wineagei ng mnge from 20 to 30 me /L | Ribérea u-Gayon et al, A6,
comesponding to U67-1 mgl melecular S0y respectively, when
conditions are pH 35, 13X ethanol wv and 19°C storage temperatune
(Usseglio-Tomasset and Bosia, 1984 ). Acovrd ing toowr data, suchvalees
could not effecively eliminate all the B. bnoellensis strains Therefone,
low pHwines containing higher come nitrati ons of maol ecular 505 will e
better protected from this spodlage yeast

Further research in wine i needed, to gain deeper insight on the
occurrence and on the varnability of this cendegcal trait among
ol atien of Brettanamyces spp strains

32, Sulfier dioed de effecr an volod e pheno ks and bioganic amines produarion

The production of welatile phenols and biegenic amines was
manitored in a 55-day experiment in onder to assess these enzymatic
activities in VBNC cells (@4 mz/L molecular 504 in comparison te WC
cells (control ) and not viable cells (2.1 mg/L molecular S04

The results abowt viability and cul turability of B brued lensis strain
1L are reported im Fig. 1A and B The highest molecular 504
concentration (21 mgl), resulted in a dramatic loss of both owlor-
ability and viability in B bnuellensis 1L growth on agar plates was
imhibited and all the cells were not viable afterone day. VMBC cells are
evident by comparing curves in Fig 1A and B for the 0dme] data

Actually, when 04 meL molecular 50y was added to the medium,
after 1 day we observed a deqreased viability (from 1,60+ 0.26- 107 to
Ba6 2205107 cells/ml) and, at a greater extent, a decreased
cul turability (from 840 £ 041- 104 to 367 £ 1.53-10" CFLYmL). More-
over, fromthe 10th day enwants, no cells were able to grow on the agar
plates, whereas trypan blwe staining showed that part of B. bniellensis
1 L popoud ation was still viable and stable over time. These cells showed a
decreased size (data not shown) This segests that they might have
entered a VBNC state Indeed, the reduction of cell size, minimizing its
energy needs is described in the literature a5 a phenomenon often
observed in VENC bacterial cells (McDougald et al, 1998; Divol and
Laonvawd-Funel, 2005).

Moreover, analyses carned out on non-clturable cell samples
from flasls D (contining 04 mgL molecular 50,) and G | @ntaining
2.1 mg'L medecular 50;) after sressor remaowval, showed ol turahility of
sample D cells. The culterabili or and viability analysesof sample Dshowed
the presence of 4.47-10°CFU/mL and 791- 10" viable cells/mL

A

T =gl s=DdmgL === F1mgl

1,E405 _'__'_'___1
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E1Eu:r3- i
u —_—
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1LE+N
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Fig. L Bt of diflera m dhecular S0 concentm Sons on the widbilty and cultorabiity of
EBresamawyes baosieect 11 0 WAL (A ) number of wiable celiciml, caloulaed fman
microsonpic el counts in 3 Thomas chamber after wiahillity saining with trypan blue;
{ B} mocemiber o CF LN, (<2 e e i CFLY £ cuinis e jpila g o YPD' 2 @ mediam. The
walue 107 ind icates the aleence of colankes in e walume of 001 mil of sampls.
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Tahle X
Amouns: of volagle phenols, expressed 35 mean + standar ennar, produced by B braslieecs 11 sgposed up D 55 days o different concentratians of molaoalar 30 in SWM
Metahodine:
50z (mgA) 0 o Z1
Days 0 17 k) 1] 17 55 a 17 55
SVired phenind nd 00 4001 Q& + 007 nd QO +0 o7 +0 nd 00 +0 oG+ 0
SVireg g iacnd aol+ o 00 4001 a1l +00= 0T 4 00E 14 0 037 4004 s +001 14 4001 037+ 005
SEdl phenod O30+ 004 000 4003 a5 +02x1 OO 4003 004+ 0T mad 006 + OO 003 o O nd
4y guaiacod nd 00s 00 Q74+ 008 nd nd nd nd nd. nd

mid = mot detar bl

respectively. Mo development of colonies was abserved for sample G
where culturability and s@ining data showed that all the cells had been
killed

Ethid phenols were produced throwghout the 55 days of | noubation
when the strain 1 Lwas grown withawt 50, (Table 2) bt neither ethyd
phenol nor ety gualaml was detecied for VBNC and not viable cells.
Nevertheless, vingd phenots were still produced and accumulated in the
SWM in the presence of S04 Three times higher amownits {ca. 03 mg/L)
aof vimd ruaiacol were prodsced when 50. was added to the medium,
and vinyl phenol prodection strongly decreased. Amaounits lower than
50 pg/ L of biogenic amines were detecied in all the samples analyzed.
Such amounts have no physidogic activity in humans. Mo data are
reporbed inthe liteature @ncerning the enzymatic activity of VENC
yeast cells, althowgh results are available on VBNC and not viable
hacterial cells [Cotonetal, 1998) The production of vingl-gualaml in
WEMC and not viable cells detected in this work might be explained by
considering the ethyl-phenols formation pathway. The two-step
conversion of hydmegomnamic acids to ethyl-phenols plays different
mles in the cell metabalism The activity of omnamate decarboolase
ooukd be aimed at counterading the inhibitory effects of weak organic
acids passively diffused across the cell membrane a5 it oocwrs in
5 eerevisioe [Piper et al, 2001 ). Atwine pH both cowmaric and ferulic
acids are mainly under undissociated form (pK=45) and they have
lipoph ylic prope rties all owing to cross the periplasmatic membrane and
decrease cytoplasmatic pH. Yeast cells adapted to media conital ning
weak adds can counteract the intracellular acidification either by
degrading the acid (Sowsa et al, 1996) or extruding protons by the
membrane ATPase. In the ¥WC cells vinyl-phenels to ethyd-phenos
hydrogenation is directed at the redox metabadism bt it s stronghy
reduced in the VENC cells or absent in not viable cells as shown by ATP
acoumulation and gene expressionanahyses | Lsd et al, 2000; Yamnand
Matthews, 2002). Moreover, the stability of vimd-phena redurctase
is sensitive to ethanol (Godoy et al, 28] and the soowrmene of
S0: might increase the inactivation effect Therefore, the ethyl
derivatives are not produced and the soluble lipophylic vimd-phenols
can acoumulate in the media. The frmation of vinyl-phenols by the not
viable cells & in agreement with the synthesis of gmnamate
decarbweylase during the adaptation to the acidic media and shows
thatthe activity is not lost after the cell death. Acconding to the stabil ity
data reported by Godoy et al (A08) for the purified omnamate
decartueylase the inactivation of the probein was expected. Our results
supgest a different sensitivity to the inactivation factors for the
intracel hular decarboylase of not viable cells.

Inconchesion, the results obtained from the present work indicate
that 50: 15 a chemical stressor indudng the non-cultuable stae in B
bnevellensis, grown in synthe tic wine medium, depending on doses and
strains Therefore it appears that further studies are needed to evalwate
the effects of 50, on the metabolism of this spoilage yeast inwine
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Enoforum 2009, 21-23 April 2009 (Piacenza, Italy)

Caratterizzazione di frazioni parietali di lievito in base alle forme cisteiniche ridotte

Tirelli A., Fracassetti D., De Noni I.
Dipartimento di Scienze e Tecnologie Alimentari e Microbiologiche. Universita degli Studi di
Milano. Via G. Celoria, 2. 20133 Milano

La presenza di forme tioliche cisteiniche ridotte (FTCR) nei preparati enologici da parete
cellulare di lievito potrebbe contribuire a prevenire lo sviluppo di fenomeni ossidativi nel
vino tramite la riduzione delle forme chinoniche derivate dall’ossidazione fenolica. Un
approccio analitico innovativo basato sulla reattivita dei guppi tiolici verso il p-
benzochinone, € stato utilizzato per caratterizzare mannoproteine, scorze, lisati, estratti e
fecce di lievito di origine commerciale. Molti di tali additivi enologici hanno mostrato una
spiccata attivita legante verso le molecole tioliche libere ed una generale poverta in FTCR
sia libere che proteiche. Questi prodotti potrebbero impoverire il patrimonio aromatico
del vino e favorire lo sviluppo di fenomeni ossidativi, ma possono anche promuovere la
rimozione di precoci difetti di ridotto. Alcuni campioni di scorza o lisati cellulari sono
risultati contenere oltre 4 mmol/100 g di Cys e GSH liberi ridotti oltre che quantita solo
poco inferiori di tioli di diversa origine la cui ascrivibilita a forme di Cys proteica ridotta
da lievito richiederebbe opportuna conferma. I preparati mannoproteici sono risultati
ampiamente danneggiati da un’intensa reazione di Maillard, misurata come indice di
furosina, e particolarmente poveri in FTCR. La metodica proposta potrebbe aiutare a
isolare frazioni di parete, e soprattutto mannoproteine, con migliori proprieta
antiossidanti, nonché a valutare ulteriori aspetti dell’attivita enologica delle FTCR.
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9° Ciseta 2009, 11-12 June 2009 (Rho (MI), Italy)
Determinazione delle forme tioliche in prodotti enologici

Fracassetti D., Tirelli A.
Dipartimento di Scienze e Tecnologie Alimentari e Microbiologiche. Universita degli Studi di
Milano. Via G. Celoria, 2. 20133 Milano

I gruppi tiolici ridotti possono svolgere in mosto e vino numerose attivita tra le quali
quella antiossidante, di prevenzione dall’invecchiamento atipico, di protezione delle
caratteristiche sensoriali di vini bianchi e spumanti nel corso dell'invecchiamento.

Le forme piu1 abbondanti sono quelle cisteiniche che possono essere presenti libere, legate
alle proteine o come glutatione. Queste si possono ritrovare in vino e mosto in quanto gia
presenti nell'uva, in quantita correlate alla varieta e alla tecnologia di vinificazione, e in
seguito alla crescita e lisi cellulare di Saccharomyces cerevisiae.

L’attivita antiossidante e svolta riducendo i chinoni ad idrochinoni; in questo modo
risultano sfavoriti I'imbrunimento e lo sviluppo di difetti sensoriali.

L’approccio analitico messo a punto si basa sul principio di tale reazione, da cui si
ottengono i tioeteri corrispondenti alle molecole reagite. Nello specifico si esegue la
derivatizzazione delle forme SH con un eccesso di benzochinone; la quota eccedente non
reagita viene poi combinata con acido mercaptopropanoico.

p-benzochinone S-cisteinil-idrochinone

Fig. 1: reazione tra p-benzochinone e generico composto tiolico.

L’identificazione e la quantificazione di cisteina e glutatione avviene direttamente per
HPLC e rilevazione spettrofotometrica; la quantificazione dei gruppi SH legati alle
proteine ¢ calcolata per differenza rispetto alla quota di acido mercaptopropanoico reagita
e determinata cromatograficamente.

La rilevabilita riscontrata per il glutatione & di 1uM.

139



Daniela Fracassetti Investigation on cysteinyl thiol compounds from yeast affecting wine properties
PhD in Molecular Sciences and Plant, Food and Environmental Biotechnology, Universita degli Studi di Milano

2rd Microsafety wine, 19-20 November, 2009 (Marina Franca (TA), Italy)
Characterization of oenologic yeast-cell wall fractions by reducing cysteine content

Tirelli A., Fracassetti D., De Noni I.
DiSTAM, University of Milan, Italy

Thiols can perform several activities in must and wine. The antioxidant activity of
glutathione is well known: it can bind with the o-quinones so preventing browning of
must and wine (Salgues et al, 1986). Glutathione can also reduce the loss of thiol aromas
and it slows down the atypical aging of white wines (Dubourdieu and La Vigne-Cruege,
2004). Similar behaviour could be exerted by the reduced cysteine of yeast cell-wall and it
can also bind molecules responsible of reduced odours.

The main yeast cell-wall fractions are represented by hulls, lysates and mannoproteins
and they can be used in winemaking in order to improve wine properties such as prevent
protein haze, improve foaming properties, affect mouth feel and protect wine from
oxidations while barrel aging. The oenological properties of mannoproteins can be
influenced by yeast strains, yeast growth conditions, drying process and extraction
method since strong heat treatments can reduce the content of cysteinyl residues.

An analytical method based on the reaction between thiols and p-benzoquinone was
developed for the evaluation of the reduced cysteine content. Different commercial
samples of yeast cell-wall fractions and active dried yeasts were characterized by the
content of reduced cysteine (free and protein bound) and glutathione. Moreover, the
intensity of the Maillard reaction was determined in order to better understand the effect
of the different industrial preparations.

Samples of yeast cell-wall fractions showed very heterogeneous contents of reduced
cysteine: some of then can behave as antioxidant in must and wine, while some samples
can decrease the free thiol content in wine since they can bind such molecules so depleting
wine from its varietal flavours or removing mercaptans responsible for the reduced
odours. The active dried yeast samples were characterized by glutathione and protein
cysteine contents in the range from 0.39 to 0.92 mmol/100 g of product and from 0.76 to
1.28 mmol/100 g of product, respectively.

The production of yeast cell-wall fractions having higher reduced protein cysteine
contents and lower heat damage should be pursued.
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Determination of reduced glutathione content in must and wine

Fracassetti D., Tirelli A.
DiSTAM, University of Milan, Italy

The antioxidant activity of glutathione in must and wine is well known: it reduces the o-
quinones preventing their polimerization, browning of wine and depletion of flavour-
related thiols. Glutathione can hinder the formation of sotolone (3-hydroxy-4,5-dimethyl-
2(5H)furanone) in wine, a major responsible of the atypical wine aging.

Glutathione content ranges from 56 pumol/kg to 372 umol/kg in grape (Cheynier et al,
1989), depending on grape cultivar, environmental conditions and agronomic practises.
The winemaking procedures before the alcoholic fermentation influence its concentration
in must, since they can affect the activity of tyrosinase, the presence of oxygen and the
integrity of grape skin.

The amount of glutathione decreases to 10-40 puM (Cassol and Adams, 1995) following
winemaking according to the yeast strain and the aging conditions.

Determination of glutathione in grape, must and wine can permit to estimate the
antioxidant potential and the shelf-life of wine.

The analytical method described for glutathione quantification is based on the
derivatization reaction with p-benzoquinone. The S-glutathionyl-p-hydroquinone is
separated by HPLC and detected spectrophotometrically at 303 nm. The detection limit
and the lowest quantifiable amount are 0.42 uM and 1.41 puM, respectively. The analytical
approach allows the cysteine content to be determined as well.

The method was applied to investigate 8 different winemaking processes performed
under different conditions (5 grape cultivars, 7 yeast strains and 2 redox conditions).

The glutathione content ranged from 1.28 uM to 3.66 uM after crushing and racking when
must was exposed to air. Higher contents (18.22 uM) could be obtained pressing the grape
under controlled atmosphere. Glutathione concentration rapidly increased at the end of
alcoholic fermentation and the final levels (0-92.50 uM) were affected by exposure of must
to oxygen, yeast strain and nitrogen availability to yeast.

The cysteine was absent in many samples or its concentration did not exceed 13.51 uM.

References

Cheynier, V, JM Souquet and M Moutounet. 1989. Glutathione content and glutathione
to hydroxycinnamic acid ratio in Vitis vinifera grapes and musts. Am j enol vitic, 40: 320-
324.

Cassol T, and DO Adams. 1995. Detection of glutathione in white wines using an
enzymatic analytical method. Am j enol vitic 46: 410.

141



Daniela Fracassetti Investigation on cysteinyl thiol compounds from yeast affecting wine properties
PhD in Molecular Sciences and Plant, Food and Environmental Biotechnology, Universita degli Studi di Milano

32nd SASEV Congress, 18-19 November, 2010 (Somerset West, South Africa)
Effect of glutathione and sulfur dioxide on phenol oxidation in Sauvignon Blanc wine

Fracassetti! D., Du Toit W.J2

Department of Food Science, Technology and Microbiology, University of Milan, Via G. Celoria 2,
20133 Milano, Italy

2Department of Viticulture and Oenology, University of Stellenbosch, Private Bag X1, Matieland
(Stellenbosch) 7602, South Africa

The antioxidant activity of glutathione and sulphur dioxide in must and wine is well
known. Glutathione reduces the o-quinones preventing their polimerization, browning
and depletion of flavour-related thiols. It hinders the formation of sotolone (3-hydroxy-
4,5-dimethyl-2(5H)furanone), a major responsible of the atypical wine ageing.

Sulfur dioxide has both antioxidant and antiseptic activities, decreasing the formation of
undesirable color and the development of secondary fermentations. It can react with
oxygen, thus protecting sensitive wine compounds, and with the hydrogen peroxide,
deriving from the polyphenol oxidation.

Oxidative browning occurs either during pressing and is mediated by the grape
polyphenol oxidase, or during winemaking and storage in absence of the active enzymes.
This research was aimed to understand the oxidation rate and products derived from
caffeic acid as phenol model in presence of different concentrations of glutathione and
sulfur dioxide in Sauvignon Blanc wine. The compounds were added at equimolar
concentration, in accordance to the amount typically found in white wine.

To increase the oxidation rate, the wine was stored at 37°C.

Glutathione and sulfur additions to wine resulted in the oxygen being drastically
consumed in less than 30 days, while when they were not added the oxygen was detected
longer than 70 days, showing clearly the oxygen consumption is strictly correlated to
presence of these compounds in wine. Glutathione, sulfur dioxide and caffeic acid
concentrations were also monitored during the course of the experiment.

Moreover, the oxidation rate was evaluated in 13 Sauvignon Blanc wines, with and
without addition of sulfur dioxide. Besides the glutathione and sulfur amounts, the
phenols quantification was carried out.
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Quantification of glutathione in must and wine by wultra-performance liquid
chromatography

D. Fracassetti!, N. Lawrence?, A.G.]. Tredoux?, A. Tirelli!, H.H. Nieuwoudt?, W.]. Du Toit?
Department of Food Science, Technology and Microbiology, University of Milan, Via G. Celoria 2,
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Glutathione can perform several activities in must and wine. Its antioxidant activity is
well known: it can bind with o-quinones thus preventing browning of must and wine by
forming the Grape Reaction Product. Glutathione can also reduce a loss in certain aroma
compounds and could slow down the atypical ageing of white wines. Glutathione content
ranges from 5 mg/L to 80 mg/L in grape juice, depending on grape cultivar,
environmental conditions and winemaking practises. The winemaking procedures before
alcoholic fermentation influence its concentration in must, since they can affect the
activity of tyrosinase, the presence of oxygen and the integrity of grape skin. The amount
of glutathione decreases to 3 to 12 mg/L during winemaking, according to the yeast strain
used and the ageing conditions.

The determination of glutathione concentration in must and wine could give an indication
of the antioxidant potential and the shelf-life of wine.

The analytical method described was based on the derivatization reaction of glutathione
with p-benzoquinone. The S-glutathionyl-p-hydroquinone was separated by UPLC and
detected spectrophotometrically at 303 nm. The analysis was performed with a C18
column and the run time was less than 10 minutes. The minimum detection and
quantification limits were 0.02 mg/L and 0.06 mg/L, respectively, with the linear range up
to 100 mg/L.

Glutathione determination was carried out in 12 South African white juices and 43 white
wines produced from different grape cultivars, vintages and winemaking. Glutathione
concentration ranged from 1.1 mg/L to 42.3 mg/L in juice. In wine, the maximum amount
detected was 27.4 mg/L and the highest levels were observed, as expected, in young
wines. This novel method of glutathione determination could have a large impact on time
and costs of the analyses for the wine industry and it could enable routine quantification
of this important wine compound.
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Development and validation of an analytical method for the quantification of
glutathione in white wine and juice by ultra-performance liquid chromatography
(UPLO)

N. Lawrence!, D. Fracassetti2, H.H. Nieuwoudt!, A. Tirelliz, W.]. du Toit3, A.G.]. Tredoux'”
Unstitute for Wine Biotechnology, University of Stellenbosch, Private Bag X1, Matieland, 602,
South Africa

2Department of Food Science, Technology and Microbiology, University of Milan, Via G. Celoria
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7602, South Africa

The ever-increasing demand for higher throughput in analytical laboratories necessitates
the continuous development of rapid analytical methods. Ultra-performance liquid
chromatography (UPLC) has received significant attention in during the last few years as
result of the superior peak capacity, resolution and efficiency, consequently offering
considerably faster separation of complex samples such as wine. Higher efficiency is
achieved using shorter columns packed with smaller (< 2 um) particle sizes; however, the
use of such small particles results in considerably higher back pressure. The development
of instruments able to handle these increased pressures opened up the possibility of
significantly faster separations in LC.

Catechin and caffeic acid are two of the most abundant phenols in wine. These two
compounds can via non-enzymic oxidation, produce o-quinones witch are significantly
correlated to browning often occurring in white wines. Glutathione is an important
antioxidant in wine as it can bind with the o-quinones to prevent browning, by formation
of the Grape Reaction Product (GRP). It can also help to prevent the loss of aroma
compounds in wine commonly associated with atypical ageing.

In this study a simple, robust and rapid UPLC-PAD method was developed and validated
allowing for the simultaneous quantification of derivatized glutathione, catechin and
caffeic acid with analysis time of 8.5 minutes. By using a fast and simple derivatisation
procedure with p-benzoquinone prior to UPLC, the overall analytical process remains
very rapid. The method was found to be reproducible (RSD < 5%, n =10) and gave good
recovery for all three analytes of interest (> 85%). Limits of quantification (LOQ’s) are 0.05
mg L-for glutathione and catechin; and 0.009 for caffeic acid respectively. The method
was applied for the analysis of 43 South African white wines (5 cultivars) of vintages 2004-
2010 and 12 South African juices (3 cultivars) and the results are presented.
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