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Abstract: Copper is one of the most frequently occurring heavy metals in must and wine. It is
introduced by pesticides, brass fittings, and as copper sulphate for treatment of reductive off-flavors.
Athigher concentrations, copper has harmful effects on the wine. It contributes to the oxidation of wine
ingredients, browning reactions, cloudiness, inhibition of microorganisms, and wine fermentation.
Last but not least, there is also a danger to the consumer. At present, some physicochemical methods
exist to reduce the copper content in must and wine, but they all have their shortcomings. A possible
solution is the biosorption of metals by yeasts or lactobacilli. Copper can also reach must and wine in
the form of copper-containing phenol oxidases (grape tyrosinase, Botrytis cinerea laccases). Similar
to free copper, they oxidize phenolic wine compounds, and thus lead to considerable changes in
color and nutritional value, making the product ultimately unsaleable. All measurements for enzyme
inactivation such as heat treatment, and addition of sulphites or bentonite are either problematic
or not effective enough. The application of oenological tannins could offer a way out but needs
further research.
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1. Introduction

Many wine constituents including phenols are susceptible to oxygen, and thus lead to the
development of oxidation products during vinification [1,2]. Wine browning is one of the most
common problems that occurs during winemaking and affects color and sensory characteristics, and
also leads to loss of nutritional values of the wine [3]. Wine browning is caused by enzymatic and
non-enzymatic oxidations. Non-enzymatic oxidation occurs in wine by direct reaction of phenols with
air. Iron and copper play an important catalytic role. Enzymatic oxidation in must and wine takes place
under the influence of copper-containing enzymes (tyrosinase and laccase) [4-7]. An excess of free
copper cations also has negative effects on wine microorganisms, wine fermentation, and last but not
least, on the health of the consumer. Therefore, there is an urgent need to minimize the concentration
of copper and activities of copper-containing oxidases in must and wine. This review describes the
effects of copper (oxidases) on wine quality and presents some possible countermeasures.

2. Copper

Copper is an essential trace element involved in many natural metabolic processes of living
organisms. It plays a major role in redox reactions and oxygen transport, contributes to the biological
energy production of cells, and is an important component of enzymes [8]. The WHO guideline for
drinking water was set at 2 mg/L, as a figure considered to be safe for chronic population exposure [9,10].
However, an elevated copper level leads to disorders of liver metabolism, increased formation of free
radicals, and can also promote disorders of the central nervous system [9]. The physiological oxidation
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states of copper are Cu'* and Cu?*, whereas Cu®* is not a biologically relevant species because of the
high redox potential of the Cu3*/Cu?* couple [8].

2.1. Occurrence and Effects of Cu in Must and Wine

The advantages of copper as a widely applicable fungicide are countered by the problem of soil
contamination. Vineyard areas that have been treated with copper preparations over several decades
sometimes have high excessive copper contents that exceed the EU permissible limit value (140 mg/kg)
several times [11].

Copper is also one of the most frequently occurring heavy metals in wine and can reach the
wine via pesticides, brass fittings, and as copper sulphate for treatment of reductive off-flavors [12,13].
According to a study in which 72 wines were analyzed, the average copper content was 0.18 mg/L with
a maximum of 0.55 mg/L [10]. The Organisation International de la Vigne et du Vin (OIV) recommends
a maximum copper content of 1.0 mg/L for wines [14]. National regulations allow the presence of
2.0 mg/L Cu, in German wines [10]. Possible negative consequences of increased copper contents in
must and wine, as well as corresponding limits are summarized in Table 1.

Copper casse (haze) can develop after wine bottling in the absence of oxygen, presence of sulfur
dioxide and copper contents > 0.5 mg/L. It is composed of cupric and cuprous sulfides which form a
reddish haze or deposit especially in white wine and less in rosé wines [12,13].

Table 1. Copper concentrations in must and wine with corresponding effects [15].

Limits and Normal Values/Effects Cu Concentration (mg/L)
Normal value in wine 0.7-0.8
Maximum content allowed in wine 2.0
Concentration range in must 0.09-0.99
Copper catalyzed oxidations (browning reaction) in traces
Copper casse >05
Influencing fermentation of sparkling wine (very rare) >20
Sluggish must fermentation 25-50
Inhibition of Oenococcus oeni Microenos Bl 5% 10**
Inhibition of Saccharomyces cerevisiae SN9 / SN41 / CCT0472 32/320/75
Inhibition of Lactobacillus fermentum CCT1400 / CCT0559 75/300
Inhibition of Lactobacillus mesenteroides CCT0582 / CCT0367 75/150

*Copper as CuSO, x 5H,O; **Copper as CuCl, x 2H,O.

2.2. Measurements to Reduce Cu Concentrations in Must and Wine

2.2.1. Chemical and Physical Methods

If the remaining copper content exceeds the permitted limits, metal removal procedures must
be applied. In the so-called "blue fining" process, potassium ferrocyanide II is added to the wine,
which forms an insoluble complex with copper ions that precipitates the copper. The remaining
cyan compounds, then, react with the iron already present and precipitate [12,13]. In the case of iron
deficiency, an excess amount of potassium hexacyanoferrate II remains in the wine, making it usuitable
for consumption. A further disadvantage of blue fining is the resulting toxic hazardous waste, which
must be disposed of separately and at great expense.

Another procedure is the use of the natural plant polysaccharide gum arabicum which presents
the most applied protective colloid in winemaking authorized within the European Union. It is used at
a dosage of 10 to 15 g/hL to prevent copper casse, as long copper levels do not exceed 1.0 mg/L [16].
The colloid prevents metal precipitation but does not eliminate the copper. Because clarification of a
wine treated with gum arabicum is difficult, it is generally mixed into the wine just before bottling [16].
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Apart from plant resins, artificial exchange resins have been developed to overcome the
disadvantageous use of traditional bluefining. These include polyvinylimidazole-polyvinylpyrrolidone
copolymers (PVI/PVP) to combine the benefits of PVPP with selective binding of metals such as copper
or iron [17,18]. In that case, special care must be taken to avoid possible migration of unpleasant
monomers or degradation products into the wine [17,18].

With the aim of preventing turbidity, bentonite is often used to remove proteins (see Section 3.3.4)
and also copper from the wine. However, this process can exert adverse effects on color and the taste
of the wine [19].

2.2.2. Biosorption

An alternative method for metal removal is biosorption (Table 2). This is a passive, non-metabolic
process in which, for example, heavy metals are bound to biomass (bacteria, fungi, and algae) [20-26].
For a suitable application in winemaking, preference is given to microorganisms for which wine
represents a natural habitat and which are not harmful to consumers, for example, wine yeasts [20,21].
Other candidates in this respect are lactobacilli [22] which are regularly found on grapes, as well as in
must and wine [27].

Table 2. Compilation of biosorbent materials and their maximum specific copper binding capacity
(qh) [20-26].

Biosorbent pH Optimum Blo?:;ﬁljded (ug Cu2+q/}1\ng Cells)
Bacteria
Arthrobacter sp. 3.5-6.0 0.4 148.0
Bacillus sp. (ATS-1) 5.0 2.0 16.3
Bacillus subtilis IAM 1026 5.0 0.5 20.8
Enterobacter sp. J1 5.0 1.0 325
Lactobacillus brevis ID9262 5.0 0.5 26.5
Lactobacillus buchneri DSM 20057
(living / dead) 5.0 1.0 10.5/9.9
Lactobacillus hilgardii
DSM 20176 (living/dead) 50 10 10.0/8.8
Lactobacillus plantarum
DSM 20174 (living /dead) 50 10 9.7/8.6
Lactobacillus plantarum 1D9263 5.0 0.5 15.5
Lactobacillus vini DSM 20605
(living /dead) 5.0 1.0 12.3/9.7
Leuconostoc mesenteroides 1D9261 5.0 0.5 26.3
Micrococcus luteus 5.0 0.5 33.5
Pseudomonas aeruginosa PU21 5.0 1.0 23.1
Pseudomonas cepacia 7.0 n. d 65.3
Pseudomonas putida 6.6 n. a. 6.6
Pseudomonas putida CZ1 45 1.0 15.8
Pseudomonas stutzeri IAM 12097 5.0 1.0 229
Pseudomonas stutzeri KCCM 34719 5.0 1.0 36.2
Pseudomonas syringae n.d. 0.28 254
Sphaerotilus natans 55 n.d. 5.4
Streptomyces noursei 5.5 3.5 9.0
Synechocystis sp. 45 1.0 23.4
Zoogloea ramigera 5.5 0.83 270.0
Zoogloea ramigera 4.0 n.d 29
Yeasts
Cryptococcus terreus 5.5 1.0 71.8
Pichia guilliermondii 5.5 1.0 34.0
Saccharomyces cerevisiae) 5.5 1.0 43.3
Saccharomyces cerevisiae? (living/dead) 4.0 2.0 0.8/0.4

n.d., not determined; (1), [21]; (2), [20].
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Copper, which is present in wine in combination with other heavy metals (Mn, Zn, Ni, Pb, and V),
poses health risks for the consumer [28] and for wine quality [1,2]. For these reasons, our laboratory
studied the potential of oenological lactobacilli for metal biosorption under wine-like conditions [15,24].

Of the nine wine-relevant test strains, L. buchneri DSM 20057, L. vini DSM 20605, L. hilgardii DSM
20176, and L. plantarum DSM 20174 showed the highest binding capacity under standard conditions in
water (Figure 1). The physiological state of the cells plays an important role in biosorption. The absence
of metabolism and of a proton gradient leads to a negatively charged cell surface in dead cells, and thus
often to a higher affinity for metal cations [22,23]. In our previous work, lyophilized cells (living or
boiled for 1 h) did not show major differences in this respect. However, autoclaved biomass (15 min,
121 °C) displayed a significantly lower adsorption capacity (Figure 1). This harsh treatment probably
led not only to inactivation of cell metabolism but also to damage of the cell structure.

H non-heated

pg Cu bound/mg biomass

W boiled

M autoclaved

Figure 1. Effect of heat treatment on the copper binding capacity of wine-relevant Lactobacillus
species. Conditions: Deionized water at pH 5.0 with 40 ug Cu?* /mL, biomass concentration 1 mg/mL,
and incubation time 1 h [15,24].

The maximum binding capacity with inactivated cells was generally reached after 30 min (data not
shown). At this time, the system reached a dynamic equilibrium where the number of adsorbed metal
ions equaled the number of desorbed ions [25]. As the pH of the solution increased, the binding capacity
of the lactobacilli for Cu also increased (Figure 2), probably due to a larger number of negatively
charged carboxyl and phosphate groups on the cell surface [29].
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Figure 2. Effect of the matrix pH on the copper binding capacity of wine-relevant Lactobacillus species.
Conditions: Deionized water with 40 pg Cu?*/mL, biomass concentration 1 mg/mL (boiled cells),
and incubation time 30 min [15,24].
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Several authors have described a pH of 5.0 as optimal for the metal biosorption by lactobacilli [30,31].
Although at even higher pH values more negatively charged functional groups would be available, these
conditions are remote and unsuitable, as they promote formation of insoluble copper(Il) hydroxides
and precipitates. Under acidic conditions, the copper bond was significantly reduced. At a pH of
3.0, L. hilgardii DSM 20176 showed the highest Cu-bond among the test strains with 3.2 pg to 4.2 ug
Cu?*/mg biomass. The comparison of the biosorption of different metals showed that the binding
capacity for Cu was highest, followed by Zn, Fe, and Mn (data not shown).

The extent of absolute metal removal correlated with biomass concentration. However, at biomass
concentrations > 2 mg/mL cell aggregates were formed, which resulted in a reduction of the specific
adsorption [32].

The biosorption of Cu is a function of its concentration in the medium. As derived from Langmuir
isotherms (Figure 3), the maximum adsorption capacity (Qmax) of the test strains was about 11 to
46 ug Cu/mg biomass.
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Figure 3. Adsorption isotherm for copper binding by boiled biomass of L. plantarum DSM 20174.
Conditions: Deionized water at pH 5.0 with 0.04 to 40 ug Cu?* /mL, biomass concentration 1 mg/mL,
and incubation time 30 min. [15,24].

The copper binding capacity by Lactobacillus cells was compared at the same pH (5.0) in a white
wine, grape juice, and deionized water (Table 3).

Table 3. Removal of copper from must and wine by living biomass of L. buchneri DSM 20057.

ug Cu®*/mL in Solution

Medium P Control + L. buchneri ug Cu®*/mL Removed (%)
DSM 20057
Water 5.0 3.90 0.76 3.14 (81.0)
Must (white) 35 5.64 5.20 0.44 (7.8)
Must (red) 36 417 3.96 0.21 (5.0)
Wine (white) 33 416 3.60 0.56 (13.5)
Wine (red) 3.1 3.89 2.86 1.03 (26.5)

Conditions: Biomass concentration 2.0 mg/mL and incubation time 30 min [15,24].

In general, the biosorption in must and grape juice was much lower than in water. Obviously,
an acidic pH is not the only reason for the lower Cu-binding in must and wine as compared with
water. Wine-typical constituents such as organic acids, phenolic compounds, and proteins influence the
properties of the cell surface and compete for the metal ions. Furthermore, some of the functional groups
could have been occupied by different metal cations already present in must and wine. Nevertheless,
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about 0.5 to 1.0 pg Cu/mL could be removed from white and red wine by cells of L. buchneri DSM
20057 (Table 3). Mira et al. [18] used a copolymer of vinylpyrrolidone and vinylimidazole (PVI-PVP)
for metal reduction in wine. At a concentration of 0.5 mg/mL, PVI-PVP removed 0.59 pg Cu/mL
and 0.74 pg Cu/mL from a white and red wine, respectively, i.e., at approximately the same level as
by biosorption.

3. Copper-Containing Oxidases

Both spontaneously and enzymatically catalyzed oxidations have dramatic effects on the final
phenol composition from the grape berry up to the bottled wine. Once the berry integrity has been
destroyed, oxidative enzymes (phenoloxidases) and their phenolic substrates are exposed to air which
results in enzymatic browning. The responsible copper-containing enzymes tyrosinase and laccase use
molecular oxygen for substrate oxidation and [8]tyrosinase (E.C. 1.14.18.1) hydroxylates monophenols
to ortho-diphenols and oxidizes the latter to orthoquinone intermediates which polymerize to form
brown pigments. Laccase (EC 1.10.3.2) has no monohydroxylase activity but oxidizes a wide spectrum
of different polyphenols and other compounds by a radical mechanism. Tyrosinase is produced by
grape berries [6], whereas laccases in must and wine originate from epiphytic fungi [4,5}. Due to their
high stability and broader substrate range laccases appear to be a more serious threat for winemaking
than tyrosinases [7].

3.1. General Features of Laccases

Laccases (EC 1.10.3.2, p-benzenediol: oxygen oxidoreductases) are multi-copper proteins that use
molecular oxygen to oxidize their substrates with the formation of water [4,5,33]. The enzyme was
first discovered in the Japanese and Chinese lacquer tree (Rhus sp.), and thus received its trivial name
due to the source of its discovery. The enzyme was subsequently found in many other eukaryotes
(fungi, insects, and arthropods) and later also in prokaryotes [4,5,33]. Laccases have different functions.
They are involved in the defence, pathogenicity, and morphogenesis of organisms. In woody plants,
they participate in lignin biosynthesis, whereas in many basidiomycetes they are involved in lignin
degradation [4,5,33].

Laccases have a broad substrate spectrum which include natural monomeric and polymeric
phenols, halogenated aromatics, aromatic amines, tyrosine residues in proteins, and even some metals.
The range of oxidizable substrates is further extended by the mediation of low-molecular redox
mediators. The fungal laccases have their pH optimum mostly in the acidic range, for example, Botrytis
cinerea at 3.5. The isoelectric points of these enzymes are also in the acidic pH <4.0. Usually, fungi
produce several glycosylated isoforms with molecular masses around 60 kDa [4,5,33].

Laccases are stable in many organic solvents, act relatively unspecifically, do not need any
cofactors except copper, and use oxygen from the atmosphere as an electron acceptor. These properties
make laccase very attractive for practical applications in industrial biotechnology and environmental
technology [33]. In the wine sector, for example, they have been proposed to avoid cork taint. This is
mainly produced by 2,4,6-trichloroanisole (TCA), a phenol derivative with a mouldy odour. By washing
the cork with Suberase® solution (=laccase), phenols and their derivatives such as TCA, which are
responsible for the cork off-flavor are polymerized, and thus eliminated. Laccase is also used for
beverage stabilization of fruit juices, where the targeted removal of phenols is its main role [4,33].

3.2. The Impact of Botrytis Cinerea Laccases on Wine Quality

Botrytis cinerea is a phytopathogenic fungus that infects over 200 economically important plant
species and causes considerable losses. Whether the fungus has a positive or negative effect on wine
quality depends not only on the ripeness of the infested berries but also on weather conditions. During
the infection process, the fungus produces various cell wall dissolving exoenzymes (lipases, cutinases,
and proteinases). Laccases play a protective role by oxidizing and inactivating phenolic plant defences
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(phytoalexins) such as resveratrol [4,5]. The enzyme is a considerably stable protein which can enter
must and wine in an active form.

Red grapes contain a large number of phenols (ranging from ca. 1.0 to 3.0 g/L) which essentially
influence the color, smell, and taste of the wine [34]. In addition to their visual and gustatory properties,
phenols act as radical scavengers and have an antioxidant effect. Some also have cancer-preventing,
anti-inflammatory, antibacterial, and anti-hepatotoxic activities. Therefore, phenols are of great health
significance [34]. Due to its phenol oxidase activity, laccase has, thus, a detrimental impact on qualitative
and nutritional values of infected wines and makes such products unsaleable.

3.3. Strategies to Eliminate Laccase Activities in Must and Wine

3.3.1. Heat Treatment

One possibility to inactivate this enzyme is the short-term heating of the must. De Leonardis et al. [35]
showed that the laccase of Trametes versicolor was completely inactivated after heating for one minute at
100 °C or three minutes at 80 °C. Figure 4 shows the effect of temperature on an intrinsic must laccase [36].
A brief heating of the must (2 min at 75 °C) led to complete inactivation. Lower temperatures required
correspondingly longer exposure times.
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Figure 4. Influence of a heat treatment on must laccase [36].

3.3.2. Addition of Sulphite

The addition of 200 mg/L sulphite completely inactivated the must laccase in our previous
experiments (Figure 5). Neither prolonged aeration nor dialysis, or the addition of copper restored
the laccase activity of these samples. The effect of high sulphite concentrations is, thus, based on an
irreversible inhibition of the protein itself and not on the reduction of the oxygen required for enzyme
catalysis [36].
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Figure 5. Influence of sulphite additions on the activity of a must laccase [36].

However, any heat treatment has a negative influence on the aroma profile of wine and sulphite
and can lead to wine intolerance [37]. Thus, more effective antioxidants or laccase inhibitors would be
better alternatives.

3.3.3. Bentonite as A Fining Agent for Must and Wine Clarification

The clay mineral bentonite is one of the most frequently used fining agents in the wine
industry [12,13,16,38—40]. It is mostly used for clarification and protein binding. It is an aluminium
hydrosilicate that belongs to the group of leaf structure silicates. Due to different histories of origin,
there are different types of natural bentonite, which in turn can be modified in many ways. Sodium
bentonite is predominantly coated with Na* ions in the interlayers, but Ca®* or Mg?* ions can also be
present in various quantities. Sodium bentonite is characterized by a strong swelling and adsorption
capacity. Calcium bentonite is almost exclusively covered with Ca?* or Mg?* ions in the interlayers.
It has a moderate to good swelling and adsorption capacity. “Active” bentonite (Ca-Na bentonite) is
originally a calcium bentonite in which the original cation coating of the intermediate layers is replaced
by Na* ions by means of alkaline activation.

Bentonite acts as a cation exchanger and adsorbs mainly positively charged proteins. As already
mentioned, bentonite has a platelet-like layer structure. Water molecules can be stored between
these layer packages. This increases the distance between the layers. During this inner-crystalline
swelling, a negative excess charge is built up within the layer packages, which is compensated by the
accumulation of exchangeable cations (Ca**, Mg** or Na*). Consequently, positively charged ions
can be exchanged for positively charged wine proteins. In part, negatively charged proteins can also
be exchanged, since the corners of the layers are positively charged.

The binding properties of the proteins to bentonite depend strongly on their isoelectric point (pl).
In general, the following relationship exists: the smaller the differences between wine or must pH
and protein pl, the lower the net charge of the protein and the weaker is its binding. The greater the
difference between wine or must pH and protein pl, the greater the net charge of the protein and the
better are its binding properties for bentonite.

In order to exploit the full effectiveness, bentonites must be preswollen in water. This results in a
greater distance between the silicate lamellae, and thus a larger adsorption volume and increased absorption
capacity. The swelling time should be between 4 and 12 hours. If necessary, bentonite can also be dissolved
directly in the wine or grape juice. However, this can reduce its binding properties by up to 50%.

Sodium bentonite is usually used for this purpose due to its stronger protein binding properties.
In a study by Blade and Boulton [41] the binding of bovine serum albumin (BSA) in a wine model
solution took place after only 30 s.
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3.3.4. Influence of Bentonite on Laccase Activity?

As investigated by Jaeckels et al. [40], different wine proteins were bound to bentonites to different
degrees and it was unclear how they interacted with enzymatically active laccases in must and wine.
Claus and Filip [42] published a study on the effect of different protein adsorbents, including bentonites,
on the adsorption and activity of phenol oxidases in buffer solutions. Among the phenol oxidases
tested were laccases from Polyporus versicolor and Pleurotus ostreatus. The experiments showed that
different phenol oxidases bound to bentonite to different degrees. The binding was dependent on the
cation exchange capacity of the bentonite species and the pH value of the buffer solution. The two
laccases mentioned above bound very well to aluminium-silica bentonite and the measured activity in
the samples was even zero at pH values < 3.0. It was also found that the enzyme activity of the bound
phenol oxidases had decreased as compared with the initial activity. This means that bentonite also
had an inhibitory effect on the enzyme activity.

The only question is, “can the laccases also be bound and inactivated so effectively in wine and grape
juice?” In the work of Zivkovic et al. [36], must with laccase activity and, for comparison, the laccase
PpL from Polyporus pinisitus, as well as two different types of bentonite, were used, i.e., NaCalit®
(a granulated Na-Ca bentonite) and SodiBent Supra® (a natural fine powdered Na-bentonite) both
purchased from Erbsloh Geisenheim AG (Geisenheim, Germany). These were used in different
concentrations and the effect was tested in grape juice and wine at different pH values (Figure 6).
In grape juice and must (not shown), the bentonites used had only a minor effect, even in high
concentrations. In water and white wine, on the one hand, binding and inactivation of laccase was
detected, with Na-bentonite being the far more effective clay preparation. In red wine, on the other
hand, bentonite, particularly the Na-Ca bentonite, even stimulated the activity of the PpL laccase.
The oxidases apparently remained in solution in their active form, which resulted in discoloration of
the red wine samples. The VIS spectra confirmed these browning reactions (Figure 7).
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Figure 6. Effect of different bentonite concentrations on laccase PpL [36]. (A) in water; (B) in white
grape juice; (C) in white wine; and (D) in red wine. Activity measurement in the supernatants was
performed after one hour incubation at 20 °C by measururing the oxygen consumption by laccase
(substrate 5 mM caffeic acid). The horizontal dotted lines mark the laccase activity without bentonite
additions. Grey columns, Sodibent Supra® and black columns, NaCalit®.
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Red Wine (Dornfelder)

--------- Red Wine + 2% NaCalit
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—— — Red Wine + Laccase

----- Red Wine + 2% NaCalit +
Laccase
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Figure 7. VIS spectra of a Dornfelder red wine after incubation with a model laccase from Polyporus
pinisitus and in the presence of a Na-Ca-bentonite [36].

The binding properties of proteins to clay minerals generally depend very much on their isoelectric
point [42]. The IEP of must laccase and PpL is about 3.0. Most proteins removed by bentonite have a
higher pI (5.8 to 8.0) [39,40]. This can explain why PpL has not completely bound laccase to bentonite
in water, since aqueous bentonite suspensions have alkaline pH values (pH > 8.0). This would mean
that the laccase PpL in these samples tends to be negatively charged, and therefore is not, or is only
slightly, bound to the negatively charged bentonite.

One possible explanation for the low binding of laccase to bentonite in must and grape juice is
their relatively high protein content. This is about 10 times higher in grape juice (2 to 3 g/L) than in
wine. Thus, the protein binding sites of the bentonites were already predominantly occupied and
laccase as an acid glycoprotein was hardly bound in this environment.

In white wine, a good effect of bentonite on laccases was found; this was to be expected at the acidic
pH values (3.0 to 3.5) of these wines. In some papers, it was mentioned that the binding properties
of bentonite increased with alcohol concentration [39]. The wines used in our own experiment [36]
contained 12% (Miiller Thurgau) and 11.5% alcohol (Pfdlzer Landwein). This would explain the good
binding properties here. Nevertheless, the question remains open as to why bentonite in red wine,
which is also acidic and contains 11.5% alcohol, did not bind but even showed a stimulating effect on
laccase. Red wines contain about 10 times more phenols than white wines [34]. Presumably, these
wine ingredients of red wine were preferentially bound to bentonite [43], and thus potential inhibitors
(tannins) for laccase activity were removed at the same time. The VIS spectra have also clearly shown
that bentonite alone changes the color of red wine, i.e., binds anthocyanins.

3.3.5. Ooenological Tannins to Eliminate Laccase Activities in Wine

In general, tannins are divided into the following two major groups: (i) hydrolysable tannins
(including gallotannins and ellagitannins) and (ii) condensed tannins (proanthocyanidins). Individual
types of tannins differ in origin, chemical composition, and properties. The application of oenological
tannins for winemaking has been approved by the International Organisation of Vine and Wine
(O1V, 2015). Commercial oenological tannins are mainly used for fining of must and wine, as well
as for improvement and stabilization of red wine color. With regard to the interaction with proteins,
oenological tannins support protein refinement and prevent protein haze. They are also used as
antioxidants and to improve wine structure and mouthfeel. Depending on the desired effect, they are
added at doses ranging from 5 to 100 g/hL [44—46].
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The results of Vignault et al. [45,46] showed that contrary to bentonite, particularly gallotannin,
grape-skin and grape-seed tannin reduced laccase activity and altered its kinetic properties.
The efficiency of grape-seed tannin addition in order to reduce the laccase activity was comparable
to that of ascorbic acid or SO; at the typical doses employed in oenology for each one. Oenological
tannins appear to be excellent processing aids to prevent laccase effects and contribute to reduce the
use of SO, in grapes and musts.

4. Conclusions

It is known that the surface protein (S-layer) of lactobacilli can effectively bind metal ions by
negatively charged carboxyl and phosphorous residues on their surface [47,48]. In this way, toxic
copper ions could be excluded from the cell interior. Previous results do not exclude the possibility
of using biomass of wine-relevant lactobacilli as an instrument to reduce elevated Cu concentrations
from beverages containing wine [15,22,24]. Since lactobacilli have GRAS (General Recognized As Safe)
status [49], there are no obvious risks for the consumer. Such an approach bears fewer risks than
"bluefining” with potassium hexacyanoferrate (II). Synthetic polymers such as PVI-PVP could release
toxic residual monomers, impurities, or degradation products into the wine [17,18]. Clay minerals
such as bentonite are often used for wine fining. Their metal binding capacity depends strongly on the
type used and as a result of the treatment, the concentrations of other metals such as calcium and zinc
increase in the wine [19].

From a practical point of view, it seems to be a disadvantage that relatively high biomass
concentrations (0.05 to 0.1% wy/v) are required for effective metal removal, but this is also true for
recommended dosages of bentonites (~0.2% w/v) and synthetic polymers (0.05% w/v). Economic metal
removal could be achieved by using reusable immobilized biomass or by direct inoculation of viable
cells. For some time now, selected lactic acid bacteria, for example, strains of L. plantarum (Enoferm
V22, Lallemand) have been offered and used in winemaking in addition to pure yeasts. In a similar
approach as in the present study, it was investigated to what extent oenological lactic acid bacteria can
serve as a tool to remove mycotoxins such as ochratoxin A [50]. Yeasts were also discussed for the
biosorption of copper [51], but according to Huang et al. [20], the wine yeast Saccharomyces cerevisiae
with 0.8 ug Cu/mg (living biomass) or 0.4 ug Cu/mg (dead biomass) was less effective in this respect
(Table 2). Further investigations should focus on improved efficiency of biosorption and its possible
effects on the chemical and sensory properties of wines.

B. cinerera laccase exerts serious negative effects on wine quality due to browning reactions
triggered by the oxidation of phenols. Due to its high stability in alcohol and relative resistance to
sulphite, inactivation of this enzyme is difficult, with the exception of a problematic heat treatment.
Bentonite was found to be ineffective for eliminating laccase activities in must and red wine, although it
inactivated laccase activity in white wine. However, it should be considered that for technical reasons
the original Botrytis laccase was not used in these experiments but that of another fungus. Therefore,
there is still a need for further research and development of novel effective measures to solve this
problem. Application of oenological tannins appears to be a promising tool in this respect.
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