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Protein Haze Formation in White Wines: Effect of
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Cell wall material was extracted by five different methods from an oenological strain of Saccharomyces
cerevisiae. Enzyme preparations containing beta-glucanase activity (Zymolyase, Glucanex, and
Finizym 250L) allowed a better extraction yield compared to that of dithiothreitol (DTT) and EDTA.
The yeast extracts were only soluble in part in wine. The wine-soluble fraction (WSF) of the five extracts,
differing in both protein and sugar contents, when added in increasing amounts to white wine differently
affected protein haze formation, as determined by the heat test, giving dose/response curves of different
shapes. The curves obtained with the WSF derived from DDT and Zymolyase extracts showed a
plateau value corresponding to 90% and 80% of wine haze reduction, respectively. In contrast, addition
of the WSF derived from the other extracts resulted in increased turbidity with respect to the original
wine. The mannoproteins (MP), isolated from each yeast extract by Concanavalin-A chromatography,
gave dose/response curves showing shapes more similar among them than those obtained with the
whole WSFs. The best wine stabilization was obtained with the MP of the DTT and Zymolyase extracts.
The supernatants obtained after heating the MP of the different extracts were also tested. The
stabilizing effect of the heat-stable MP (HSMP) was always larger than that of the corresponding
total (un-heated) MP. The HSMP obtained starting from the DTT and Zymolyase extracts showed
the best haze-protecting effect, which was, however, lower than that obtained with their corresponding
WSF. This result suggests that wine protein stabilization by compounds of the yeast cell wall could
be related, in addition to the action of the MP, also to the presence of other substances of different

nature.
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INTRODUCITON

Clarity is of great qualitative importance to white wines,
whereas haziness makes them unattractive and can be perceived
as spoilage by the consumer. One of the main causes of turbidity
is due to instability of the grape proteins that occur naturally in
wine (1), their denaturation and precipitation being influenced
by intrinsic and extrinsic factors such as pH, ethanol, storage
temperature, and reactions with other wine components (2, 3).
To prevent haze formation in white wine, it is a common
practice to lower its protein concentration by bentonite fining
(1). However, this technique has some drawbacks, including
the removal of aroma compounds (4) and the loss of wine in
the sediment (5). Alternative methods for protein removal from
wine, including proteolytic treatments (6) and ultrafiltration (7),
are not used in practice, although they seem to have some
potential in reducing the risk of haze formation.

As an alternative to these subtractive methods, the use of additive
methods based on yeast cell extracts have been proposed (8-11).
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In particular, it was demonstrated that the yeast components able
to prevent wine protein from heat-induced precipitation were the
cell walls mannoproteins (MP), a class of high molecular weight
compounds containing over 90% sugar, mainly mannose, which
are bound to the cell wall glucans by covalent and noncovalent
linkages, such as ionic interactions and disulfide bridges (12). These
macromolecules, which are spontaneously released in wine during
both alcoholic fermentation and storage on yeast lees (10, 11), can
also be extracted from yeast cells and added to wine to improve
protein stability, thus reducing the need for bentonite fining (8, 9).
Several methods for MP extraction from yeast cells have been
investigated, including chemical, enzymatic, and physical proce-
dures (8, 9). Enzymatic extraction, on the basis of beta-glucanase
activity, is one of the most successful practices to obtain MP for
use in wine making (8). Other methods include high temperature
treatments, reducing or chelating agents, and detergents to release
yeast macromolecules with differing wine haze-preventing
ability (9).

This article reports on the effect of yeast cell wall macro-
molecules in affecting protein stability in a white wine by
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studying five different methods (three enzymatic and two
chemical) of extraction and some purification procedures.
Moreover, for each sample derived from the different yeast
extracts, the effect of the doses added to wine on its protein
heat stability is described.

MATERIALS AND METHODS

Yeast Growth. The Saccharomyces cerevisiae strain 444 was
obtained from the collection of “Istituto Agrario San Michele all’ Adige”,
Italy.

A frozen cell suspension was inoculated into yeast medium contain-
ing 1% (w/v) yeast powder (type 1, Hi Media lab. Pvt., Fontenay,
France), 2% (w/v) peptone, and 2% (w/v) glucose in distilled water.
After 12 h at 30 °C, this pre-inoculum was used to inoculate 5 to 6%
(v/v) of 4 L of the same medium. Cells were grown at 30 °C, collected
to late exponential phase by centrifugation at 1100g at 4 °C for 10
min, washed in distilled water, and centrifuged again. This washing
procedure was repeated 3 times. The pellet was weighted (9-11 g/L of
medium) and immediately used for extraction.

Yeast Cells Extraction. For each extraction, 40 g of cells (wet
weight) were used, and 1.5 M sorbitol was added as osmotic protector
to the buffers. Extractions were performed as follows. Extractions with
Glucanex and Finizym 250 L: yeast cells were re-suspended 1:3 (w/v)
in 0.1 M Na acetate buffer, pH 5.1, containing 5% (w/w cells) Glucanex
200 G (Novozymes, Switzerland) or Finizym 250 L (Novozymes,
Switzerland), both with or without 1 mM dithiothreitol (DTT). The
resulting suspensions were shaken in a water bath for 3 h at 30 and 55
°C for Glucanex (13) and Finizym 250 L, respectively. Extraction with
Zymolyase: cells were re-suspended 1:1 (w/v) in 5 mM Tris-HCI buffer,
pH 7.5, containing 10 mM MgCl, and 30 mM DTT. After 1 h of
incubation at 37 °C, the cell suspension was centrifuged at 1100g for
10 min at 4 °C. The pellet was re-suspended 1:3 (w/v) in the same
buffer containing 1 mM DTT and 2 mg/mL Zymolyase 100T (ICN
Biomedicals, Inc., Costa Mesa, CA, USA) and shaken in a water bath
at 37 °C for 2 h (14, 15). Extractions with DTT and EDTA: cells were
re-suspended 1:3 (w/v) in Tris-HCI buffer, pH 7.5, with different DTT
or ethylenediaminetetracetic acid (EDTA) concentrations, (1, 5, 10, 20,
and 30 mM) and shaken in a water bath at 37 °C for 1 h.

After extraction with the different procedures, the suspensions were
centrifuged at 1100g for 15 min. The insoluble material was discarded
and the supernatant collected. Supernatants were dialyzed with a 3.5
kDa cut-off membrane (Spectra/Por, Spectrum Laboratories, Breda, The
Netherlands) against distilled water (5 L, 10 changes) for 36 h at 4° C,
freeze dried, and weighted.

Protein and Sugar Quantification. Samples to be analyzed were
solubilized in water, and the protein content was determined by the
Bradford method (16), using bovine serum albumin (BSA) as the standard.
Sugars were measured by the Periodic Acid Schiff (PAS) method (17), as
follows. Fifty micrograms of protein were solubilized in 500 uL of
phosphate buffered saline (PBS), pH 7.2, added to 200 uL of 10 mM
NalO,, and kept at room temperature for 10 min. Two-hundred microliters
of the Schiff’s reagent fuchsin-sulfite (Sigma, Milan, Italy) was added to
the samples. After 1 hour at room temperature, the reaction was stopped
with 100 x«L of 1 M NaOH. Calibration curves were obtained with yeast
invertase (Sigma, Milan, Italy), assuming that invertase contains 50% sugar
by weight (18). BSA was used as the negative control.

Preparation of the Wine-Soluble Fraction of the Extracts. The
different yeast extracts (1 mg of protein) were added to 2 mL of
Manzoni Bianco wine, previously ultrafiltered on a 5 kDa Amicon
membrane (Millipore, Milan, Italy) to remove endogenous proteins (de-
proteinised wine, DpW), by shaking at room temperature for 30 min.
Samples were centrifuged at 1100g for 5 min, and the protein content
of both the supernatant and the pellet was measured. The sugar content
was also measured, but only on the pellet because the wine strongly
interfered with the Schiff’s reagent used to this end. Before the analysis,
pellets were washed 3 times with a model wine solution [12% EtOH
(v/v) and 3 g/L of L(+)-tartaric acid; pH adjusted to 3.5 with NaOH
1 M]. The sugar content of each DpW-soluble cell wall fraction (WSF)
was calculated as the difference between the sugar content of the total
yeast extract and that measured in the pellet.
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Figure 1. Scheme of the procedures used.

Preparation of the Mannoprotein Fractions. Mannoproteins were
isolated from each yeast extract essentially as described by Dupin et
al. (9, 10) with some modifications, as follows. The extracts were
dialyzed with a 3.5 kDa cut-off membrane (Spectra/Por) against 5 L
of binding buffer (BB) (20 mM Tris-HCI, pH 7.4, containing 0.5 M
NaCl, 1 mM CaCl,, 1 mM MgCl,, and 1 mM MnCl,) for 18 h at 4° C
with 2 changes. Dialyzed samples were 5-fold diluted with BB and
loaded at a flow rate of 0.5 mL/min onto a Concanavalin-A Sepharose
4B column (26 x 1.8), previously equilibrated with BB. Unbound
material was eluted with BB, while the fraction retained by the column
was eluted with BB containing 0.3 M methyl-a-D-mannoside (Sigma).
Eluted proteins were detected by monitoring the absorbance at 280
nm. Both the un-retained and the Con A-retained fractions (corre-
sponding to the mannoproteins, MP) were dialyzed (3.5 kDa cut-off)
against water (5 L, 10 changes) and freeze dried. Freeze dried fractions
were weighted and analyzed for protein and sugar contents.

Preparation of the Heat-Stable Mannoproteins. Each MP sample
(1 mg of protein) was dissolved in 2 mL of DpW. The resulting
solutions were treated for 1 h at 90° C and kept for 18 h at 4° C. After
centrifugation, the protein content of both the supernatant (containing
the heat-stable mannoproteins, HSMP) and the pellet was quantified.
The sugar content of the HSMP was calculated as the difference
between the sugar content of the original MP preparation and that
measured in the pellet resulting from the heat treatment.

Heat Test. Six white wines (cv. Prosecco, Manzoni Bianco,
Bianchetta Trevigiana, Pinot Blanc, Malvasia, and Moscato) were
subjected to the heat test according to Dupin et al. (9, 10), with some
modifications. Each wine (2 mL) was kept shaking in a water bath at
90 °C for 1 h. After 18 h at 4 °C, the wine samples, left at room
temperature for 30 min, were analyzed spectrophotometrically at 490
nm. Each test was carried out in triplicate considering the absorbance
of the unheated wines as the blank. The various fractions (WSF, MP,
and HSMP) derived from the different procedures were added in
increasing quantities (1-120 ug of protein) to 2 mL of wine. The
resulting solutions were heat tested, and the effect of the additions on
wine protein stability was expressed as the percentage of variation in
turbidity with respect to the original wine. For each measure, six
replicates were used.

RESULTS AND DISCUSSION

Yeast Cell Extraction by Different Methods. Procedures
based on the use of enzymatic preparations with glucanase
activity as well as chemical treatments were used for the
extraction of yeast cells. The scheme of the procedures is shown
in Figure 1. Extractions were always performed in isotonic
buffer (1.5 M sorbitol), thus allowing removal of the intact
spheroplasts (i.e., the cytoplasm and the plasma membrane) (15),
whose components, in this way, were eliminated. Therefore,
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Table 1. Yield and Protein and Sugar Contents of the Yeast Crude Extracts Obtained with Different Treatments

yield? total protein® protein® total sugar? sugar?
treatment (9/100 g wet cells) (mg/100 g wet cells) (mg/g dry extract) (mg/100 g wet cells) (mg/g dry extract) sugar % sugar/protein
Zymolyase/DTT 1.43 265 183.3 489 341.9 65 1.8
Glucanex 0.20 n.d. n.d. n.d. n.d. n.d. n.d.
Glucanex/DTT 1.66 155 934 358 215.7 70 23
Finizym 0.30 n.d. n.d. n.d. n.d. n.d. n.d.
Finizym/DTT 1.16 194 167.2 360 310.3 65 1.9
DTT 30 mM 0.65 55 84.6 208 320.0 79 38
EDTA 30 mM 0.90 87 96.7 468 520.0 84 5.4

@The values are the averages of 3 replicates. Standard deviations were always < 5%. n.d.: not determined.

only material derived from the cell wall (and from the
periplasmic space) was considered, different from what was
previously done by others in similar studies (9). Besides
glucanase preparations, whose action in releasing cell wall
material is obviously related to their hydrolytic activity on cell
wall glucans, DTE and EDTA were also shown previously to
allow solubilization of yeast cell walls when used at concentra-
tions of 5 mM (9). By increasing the concentration of both DTT
(a reducing agent similar to DTE) and EDTA over 5 mM, an
increasing quantity of cell wall material was released from
yeasts. The dose/extraction curves obtained for DTT and EDTA
showed similar shapes, approaching a plateau value for con-
centrations higher than 20 mM (not shown). However, the
maximum quantity of cell wall material obtainable with EDTA
(~ 900 mg of dry material/100 g of wet cells) was higher than
that extracted with DTT (~ 650 mg of dry material/100 g of
wet cells). According to these results, DTT and EDTA were
used at a concentration of 30 mM.

Three enzymatic preparations of different origin (Zymolyase,
Glucanex, and Finizym 250 L) were evaluated for their ability
to extract yeast cell wall material. Zymolyase, which is a
bacterial preparation for laboratory use containing both beta-
glucanase and protease activity (9), was used on the cells pre-
treated with 1 mM DTT, according to a previously suggested
procedure (14). The other two preparations (Glucanex and
Finizym 250 L) are commercial enzymes of fungal origin.
Glucanex, which is similar to Zymolyase, is industrially
employed in wine making for improving the filtration of young
wines containing Botrytis glucan but can also be used to extract
cell wall material from yeast (8). Finizym 250 L is also a fungal
beta-glucanase, which is utilized in the brewing industry to
improve beer filtration and reduce glucan haze. Both prepara-
tions were used without pre-treating the yeast cells with DTT
because this treatment did not improve the extraction, as
assessed in preliminary experiments (not shown). When these
enzymes were used as previously reported (8, 13) the extraction
yield was very low compared to that obtained by Zymolyase/
DTT (Table 1). However, by performing the enzymatic extrac-
tion in the presence of 1 mM DTT, as during the Zymolyase
treatment (14), the effectiveness of the extraction was greatly
improved (Table 1). The quantity of cell wall material recovered
with the different treatments from 100 g of wet yeast cells are
reported in Table 1, along with protein and sugar contents.
Because both analyses were based on standards (BSA for protein
and yeast invertase for sugars) that may not warrant a precise
measure of the real protein and sugar contents, the obtained
results were considered only to compare the different fractions
and not to give their actual composition by weight. The
enzymatic extractions generally resulted in the recovery of a
total protein amount that was higher than that obtained with
the two chemicals. This result could be explained by considering
that treatments with beta-glucanases by degrading the glucan
component of the cell wall release almost all of the proteins

associated with the cell wall and also those entrapped in the
periplasmic space, whereas DTT and EDTA may act more
specifically, releasing only those proteins associated with the cell
wall through interactions sensitive to these chemicals. The
quantity of sugars measured in the different extracts did not
parallel that of the protein content, resulting in different sugar/
protein ratios. In particular, the DTT and EDTA extracts showed
a ratio that was higher than that of the three enzymatic extracts,
which were instead comparable (Table 1). These results suggest
that different types of molecules are released with the different
extraction systems and confirm that these systems break down
the yeast cell wall structure with different mechanisms (9).

Fractionation of the Extracts by Concanavalin A Chro-

matography. Fractionation of the total yeast cell wall extracts
by affinity chromatography on a Concanavalin A (ConA, a plant
lectin specific for mannose and glucose) column allowed us to
separate the fraction bound by the lectin, comprising the cell
wall mannoproteins (MP), from that which was un-retained (UF)
by the column matrix (9). Both fractions were dialyzed, freeze-
dried, weighted, and analyzed by the Bradford method. This
method may be unsuited for the quantification of the protein
content of MP and was used only to compare the different
samples. The sugar content of the MP fraction was also
determined (Table 2). After ConA fractionation, the extracts
gave different quantities of MP, indicating different effects of
the extraction methods used. The MP yields of the DTT, EDTA,
and Zymolyase/DTT extracts were in the range of those obtained
previously by others (9). The DTT extract gave the best MP
yield (about 80%), although the largest quantity of MP obtain-
able from 100 g of wet cells was that derived from the
Zymolyase/DTT extract. This suggests that the extraction by
DTT has the highest specificity in extracting cell wall MP from
yeast. The EDTA extract gave the lowest MP amount, confirm-
ing the results obtained previously on fresh yeast cells (9).
Finally, the fractionation of the Glucanex/DTT extract resulted
in a relatively low quantity of MP, whereas that of the Finizym
250 L/DTT extract gave an average amount of MP, which was
characterized by the largest protein content, as measured by the
Bradford method. Indeed, the various MP fractions differed in
both protein and sugar content, suggesting the presence of
components with different composition. In particular, the sugar/
protein ratio varied from more than 10 in the MP fraction
derived from the Zymolyase/DTT extract down to 0.9 in the
MP obtained after extraction with Finizym 250 L/DTT and
EDTA (Table 2). On the basis of the percentage of sugars
(calculated on the sum of the weight of sugars and proteins
found for 1 gram of dry fraction), the obtained MP fraction
could be divided in two groups: those showing a sugar content
higher than 80% (MP of the DTT, Glucanex/DTT and Zymol-
yase/DTT, and extracts) and those having a sugar content of
about 50% (MP of the EDTA and Finizym 250L/DTT extracts).
These sugar contents are in the range of those reported for the



8740 J. Agric. Food Chem., Vol. 55, No. 21, 2007

Lomolino and Curioni

Table 2. Yield and Protein and Sugar Contents of the Retained (MP) and Unretained (UF) Fractions from Affinity Chromatography on Concanavalin A of the

Yeast Extracts Obtained with the Different Treatments

yield @ yield @ total protein 2 protein? total sugar? sugar?
treatment (9/g extract) (g/100 g wet cells) (mg/100 g wet cells) (mg/g dry fraction) (mg/100 g wet cells) (mg/g dry fraction) sugar/protein sugar® %

Zymolyase/DTT

MP 0.54 0.776 24.0 30.9 246 317 10.3 91

UF 0.40 0.580 224.0 386.2 n.d. n.d. n.d. n.d.
Glucanex/DTT

MP 0.15 0.260 20.2 77.7. 127 488 6.3 86

UF 0.90 1.495 125.0 83.6 n.d. n.d. n.d. n.d.
Finizym 250L/DTT

MP 0.34 0.403 101.0 250.6 90 223 0.9 47

UF 0.61 0.710 75.0 105.6 n.d. n.d. n.d. n.d.
DTT 30 mM

MP 0.80 0.521 19.3 37.0 85 163 4.4 81

UF 0.29 0.189 27.0 142.9 n.d. n.d. n.d. n.d.
EDTA 30 mM

MP 0.1 0.096 13.3 138.5 12 125 0.9 47

UF 0.81 0.73 56.0 76.7 n.d. n.d n.d. n.d.

@The values are averages of 3 replicates. Standard deviations were always < 5%. © Calculated on the sum of sugars and proteins found in 1 g of dry fraction. n.d.: not

determined.

two types of yeast glycoproteins that can be found in wine,
which differ for the degree of glycosylation and mode of release
from the cell (19).

Heat Tests. The different yeast cell wall extracts and their
corresponding MP fractions were studied for their effects on
the protein stability of a white wine by the heat test (10, 20). In
order to choose a wine for these experiments, six white wines
(Malvasia passito, Manzoni Bianco, Bianchetta trevigiana,
Prosecco, Moscato, and Pinot blanc), taken before bentonite
fining, were examined for protein stability. A different reactivity
to the heat test was detected for the different wines (not shown).
Because of its high, but not excessive, protein instability,
Incrocio Manzoni Bianco was chosen. The addition to this wine
of the different yeast fractions was always performed on the
basis of their protein content because, as observed in preliminary
experiments, the reproducibility among similar experiments was
much higher than that obtainable with additions based on weight,
allowing a more reliable comparison of the effects of the various
samples on wine protein stability. The addition to wine of
increasing quantities of the various yeast fractions followed by
the heat test (Figure 1) allowed one to construct, for each of
them, a curve showing the variation of wine protein (heat)
stability in relation to the quantity added (dose/response
curves).

Effect of the Yeast Extracts on Wine Hazing. When the
yeast crude extracts obtained with the different extraction
systems were added to wine, it was observed that they did not
dissolve completely, making the wine turbid. In order to quantify
the extent of solubilization of each extract, a wine sample,
deprived of protein by ultrafiltration on a 5 kDa membrane (de-
proteinized wine, DpW), was added to the extracts (0.5 mg of
protein/mL), and the insoluble protein was measured after
centrifugation of the suspension. The extracts gave different
percentages of DpW-insoluble protein (Table 3), again indicat-
ing their different composition. The supernatant of the suspen-
sions of the various crude extracts in DpW (i.e., the solutions
containing only the wine-soluble components, WSF) were added
in increasing amounts to wine (1-120 ug of protein/2 mL of
wine). The resulting clear mixtures were heat tested, and the
variation in haze formation with respect to the original wine
(i.e., without addition) was measured. The dose/response curves
obtained with the WSF of the different extracts showed different

Table 3. De-protenised wine (DpW)-insoluble protein (as % of the total
protein) of the yeast crude extracts obtained with the different treatments

treatment insoluble protein (%) @
Glucanex/DTT 39.8(3.8)
Finizym 250L/DTT 4.2(0.8)
Zymolyase/DTT 51.4 (4.3)
DTT 30 mM 13.8(1.2)
EDTA 30 mM 36.8 (4.1)

@The values are averages of 3 replicates. Standard deviation is given in
parentheses.
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Figure 2. Effect on wine protein stability of the DpW-soluble fraction (WSF)
of the yeast extracts obtained by treatments with 30 mM DTT (DTT), 30
mM EDTA (EDTA), Zymolyase/DTT (Zymolyase), Glucanex/DTT (Glu-
canex), and Finizym 250L/DTT (Finizym). Turbidity is expressed as the
percent variation of OD at 490 nm after heat test with respect to the
original wine (turbidity 100%). Each point is the average of six replicates.
Standard deviations were always <5%.

shapes (Figure 2). For the WSF obtained starting from the
Glucanex/DTT and Finizym 250 L/DTT extracts, the largest
obtainable reduction in heat-induced haze was observed at 1
g of added protein followed by a gradual increase in turbidity
with higher additions. However, these maxima of haze
reduction were rather low for both of these WSFs, being ~15%
for the Glucanex/DTT-extracted WSF and even lower (~10%)
for the WSF derived from the Finizym 250 L/DTT extract.
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Figure 3. Effect on wine protein stability of the mannoproteins (MP) derived
from the yeast extracts obtained by treatments with 30mM DTT (DTT),
30 mM EDTA (EDTA), Zymolyase/DTT (Zymolyase), Glucanex/DTT
(Glucanex), and Finizym 250L/DTT (Finizym). Turbidity is expressed as
described for Figure 2. Each point is the average of six replicates.
Standard deviations were always <5%.

When the Glucanex/DTT WSF was added at doses higher than
40 ug of protein/2 mL of wine, the resulting heat-induced haze
was even higher than that of the original wine. This effect on
hazing was completely different compared to that previously
reported by Moine-Ledoux and Dubourdieu (8), who obtained
a significant haze reduction in wine after the addition of a yeast
extract obtained by Glucanex extraction. Addition to the wine
of the WSF of the EDTA extract caused an increase of the heat-
induced haze at each of the doses tested, giving a very high
turbidity at the highest dose (Figure 2). The increased haze
formation observed in all these cases suggested the presence of
some heat-unstable material in the tested solutions, which, above
certain doses, could mask the haze-protective effects of other
substances of the mixture. The presence of the heat-unstable
material was confirmed by heating the WSFs in DpW, which
became turbid (not shown). Compared to these results, a
completely different behavior was observed for the WSF of both
the DTT and the Zymolyase/DTT extracts. The dose/response
curves, although showing slightly different shapes, indicated a
continuous increase of the heat-stability of wine with increasing
doses of addition up to a plateau value corresponding to a haze
reduction of ~90% and ~80% for the DTT-and the Zymolyase/
DTT-extracted WSF, respectively (Figure 2).

Taken together, these results indicate that the wine-soluble
material extracted from yeast with the different treatments very
differently affects the wine protein heat-stability and that some
of these extracts are heat-unstable per se, contributing to haze
formation after the heat test. These different effects are obviously
related to a different composition of the various mixtures, as
suggested above.

Effect of the Mannoprotein Fractions on Wine Hazing.
The freeze-dried MP (obtained by ConA chromatography) was
added to DpW as described above for the WSFs. In contrast to
the behavior observed for the latter, the MP showed a rapid
and complete solubilization in DpW, confirming the good
solubility in wine of these yeast components (9). The solutions
of MP in DpW were added in increasing amounts to wine, and
the resulting mixtures were heat tested. The shapes of the
obtained dose/response curves were more similar among them
compared to those obtained with the WSFs. (Figure 3). The
exception was the MP recovered from the Finizym 250 L/DTT
extract, whose stabilizing effect reached a maximum (at about
30 ug of protein addition), then decreased, and completely
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Table 4. Protein Content of the Insoluble (Pellet) and Soluble
(Supernatant) Fractions derived from Heating (80 °C for 1 h) 1 mg of the
Mannoproteins from the Yeast Extracts Obtained with the Different
Treatments

protein (mg)?
treatment pellet supernatant
Glucanex/DTT 0.51(0.12) 0.48 (0.08)
Finizym 250L/DTT 0.35(0.07) 0.60 (0.08)
Zymoliase/DTT 0.06 (0.02) 0.92 (0.05)
DTT 30mM 0.18 (0.05) 0.78 (0.10)
EDTA 30mM 0.15(0.04) 0.79 (0.09)

“The values are averages of 3 replicates. Standard deviation is given in
parentheses.

disappeared at the highest dose used (Figure 3). All the other
MP preparations, when added in increasing amounts, showed a
stabilizing effect, which tended to reach a plateau value. The
MP fractions derived from the DTT and Zymolyase/DTT
extracts showed similar plateau values (~60% of haze reduc-
tion), which were reached with additions of 40-50 ug of
protein/2 mL of wine. The maximum effect of the MP of the
EDTA extract was instead ~45% of haze reduction starting from
an addition of 40 ug of protein/2 mL of wine and that of
Glucanex/DTT-extracted MP ~25% of reduction starting from
80 ug of protein/2 mL of wine, which was even lower.

In a previous work, Dupin et al. (9) reported that the yeast
MP extracted from freeze-thawed cells by 5 mM DTE (a
reducing agent with the same action as that of DTT) not only
did not show any haze-protective effect but also dramatically
increased the level of heat-induced turbidity. Moreover, the haze
formed in the presence of Zymolyase-extracted MP was about
80% of that of the control wine (9). Our results do not confirm
those findings because, in our case, the stabilizing effect of the
MP extracted by 30 mM DTT from fresh yeast cells and added
to wine in a quantity corresponding to that used in (9) is similar
to that obtained by the use of Zymolyase/DTT, which is, among
those tested, the treatment giving the best results (>60% of haze
reduction). The extent of haze reduction caused by adding to
wine the MP derived from the EDTA extract was similar to
that reported previously after the addition of the MP extracted
by 5 mM EDTA from freeze-thawed yeast cells but not from
fresh cells (9). However, by using 30 mM EDTA, we were able
to extract an MP fraction with haze-protecting activity starting
from both fresh and freeze-thawed yeast cells (not shown).

Finally, it is difficult to compare the results obtained with
the MP fraction of the Glucanex/DTT extract to those obtained
by Moine-Ledoux and Dubourdieu with the same enzymatic
preparation (8) because these authors considered a total extract
derived from a preparation of yeast cell walls and a purified
MP component, corresponding to the invertase fragment called
MP 32.

In order to establish whether the MP fractions added to wine
contributed to the residual heat-induced wine turbidity, these
solutions were heated (as for the heat test) after being diluted
at 1 mg of protein/mL of DpW. Heating resulted in protein
precipitation in all of the MP solutions, although its extent was
different (Table 4). A large proportion of protein resulted in
being heat-unstable in the MP solutions derived from both the
Glucanex/DTT and the Finizym 250 L/DTT extracts. The other
MP preparations were more heat-stable, giving only a relatively
low amount of protein precipitation after heating. The quantity
of heat-stable proteins found in the different MP solutions
showed a certain correspondence with the stabilizing effect
observed in wine for each of them (compare the data of Table
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Figure 4. Effect on wine protein stability of the heat-stable mannoproteins
(HSMP) derived from yeast extracts obtained by treatments with 30 mM
DTT (DTT), 30 mM EDTA (EDTA), Zymolyase/DTT (Zymolyase), Glucanex/
DTT (Glucanex), and Finizym 250L/DTT (Finizym). Turbidity is expressed
as described for Figure 2. Each point is the average of six replicates.
Standard deviations were always <5%.

4 with the results of Figure 3). In order to eliminate the
interference of the heat-unstable material and to establish the
effect of the heat-stable MP (HSMP) on hazing, the supernatants
obtained after heating the total MP solutions were added to wine
in increasing amounts (Figure 4). The heat-test results indicated
that in general the stabilizing effect of the HSMP was higher
than that of the corresponding total (unheated) MP fraction
(compare Figures 3 and 4). In most of the cases, this increase
in wine stabilization was proportional to the percentage of the
heat-stable protein found in the total MP solution. For example,
for the MP extracted by Zymolyase/DTT (containing only 6%
of heat-unstable protein; Table 4), the maximum stabilizing
effect varied only a little when HSMP were used. In contrast,
when the HSMP of the Finizym 250 L/DTT extract (which
contained 35% of heat-unstable proteins; Table 4) were added
to wine, the effect increased from 40% of stabilization (given
by the total MP fraction at an addition of 30 mg/2 mL of wine)
up to 70%, suggesting that the heating step selects the MP with
the highest stabilizing effect.

Among the various HSMP preparations, that giving the largest
stabilization was the fraction derived from the 30 mM DTT
extraction (Figure4). This indicates that the treatment with DTT
allows one to obtain an MP fraction that when deprived of the
heat-unstable material contains molecules with a very high
effectiveness in protecting wine from protein haze formation.
However, it must be noted that the WSF of the yeast extract
obtained with 30 mM DTT gave protection from haze formation
that was even higher (~=90%, Figure 2) than that of its HSMP
fraction (~75%, Figure 4). This unexpected result suggests that
the mechanism of wine protein stabilization could be related,
in addition to the action of the MP (9), also to the presence of
other substances of different nature, which are removed during
the MP purification step.

An Interpretation of the Stabilizing Effect. In several cases,
a hyperbolic relationship between the concentration of added yeast
fractions and the haze-protecting effect was found (Figure 5). As
a matter of fact, for most of the curves, good fittings of the data
were obtained with R? > 0.9 for the hyperbolic equation describing
monolayer adsorption on solid surfaces, i.e., the type | isotherm,
also known as the Langmuir isotherm. The Langmuir equation [0
= KL CJ1 + a_ C;, where g is the adsorbate concentration per
weight unit of adsorbent (solid phase), C; is the concentration of
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adsorbate in solution (fluid phase) at equilibrium, and K and a_
are constants] was initially developed to describe the gas adsorption
on solid surfaces (21) but can be successfully applied also to
systems in which the Langmuir’s underlying hypotheses are not
verified (22), as, for example, in the case of procyanidins adsorption
on solid polysaccharides (23). Therefore, we can speculate that
the wine haze reduction noticed with the addition of increasing
amounts of yeast cell wall fractions is related to an adsorption
phenomenon involving molecules present in these fractions. If haze
formation is the result of the interactions of the wine proteins with
other wine compounds (1-3), then it is possible that the haze-
reducing action of the yeast cell wall components is due to their
capacity to prevent these interactions after being physically
adsorbed on one of the interacting compounds. This is indicated
by the fact that the reduction in haze formation with increasing
quantities of yeast components follows a curve that is typical of
an adsorption phenomenon. An adsorption mechanism, however,
would imply the presence of a solid-liquid interface. Therefore,
invisible particles in the colloidal state should be present in the
system during the formation of the visible haze caused by the heat
test. As previously reported (20), the particle size of wine haze
samples decreased as a consequence of the addition of increasing
amounts of a haze-protecting factor (which was similar to the MP
of the yeast cell wall), suggesting that limpidity can be related to
the low size of the particles (<5 um) rather than to their absence.
The presence of these visually undetectable particles could explain
the possibility of the occurrence of surface adsorption phenomena.
In particular, the following sequence of events can be
hypothesized: formation of small (undetectable) particles,
adsorption of the stabilizing compounds of yeast origin on
the surface of these small particles, and, consequently, the
formation of a molecular layer acting as a barrier for the
interactions leading to particle enlargement. In this way, the
formation of particles with a size that is detectable would
be prevented by the compounds present in the yeast extracts.
This view is compatible with the previously reported
hypothesis that the mechanism of action of the haze-
protective factors of yeast origin is a competition with the
denatured wine proteins for the other wine compounds
required to build up large protein aggregates (3, 11).
However, whether the initial small particles are formed during
the heat test or whether they pre-exist in the wine remain to
be established, and the nature of these particles also has to
be defined. As previously shown, wine procyanidins are able
to form colloidal particles in model wine, whose growth is
inhibited by yeast MP (24, 25), and self association of
procyanidins via their aromatic ring has been also reported
(26). Moreover, the occurrence of adsorption phenomena,
which follow the Langmuir behavior, between phenolics and
polysaccharides has been demonstrated (23). Therefore, it is
likely that procyanidins naturally present in wine in a
colloidal state are the components involved in the physical
adsorption of the yeast components, which in this way would
prevent interactions with the wine proteins during the heat
test (3). Another possibility is that the particles acting as
adsorbents for the yeast compounds with haze-protecting
ability are formed during the heat test. In this case, these
particles would be originated by wine protein denaturation,
a process accelerated by heating and induced by the so-called
essential factors such as sulfate (3). Also in this case, further
proteinaggregation, possibly mediated by phenoliccompounds (3,11)
and leading to visible haze formation, would be prevented.

In conclusion, the results obtained here confirm that the yeast
cell wall contains molecules that are active in reducing heat-
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Figure 5. Hyperbolic relationships between haze protecting activity (% stability) and doses added to wine for some yeast preparations. A: wine-soluble
fractions (WSF); B: mannoprotein fractions (MP); C: heat-stable mannoprotein fractions (HSMP). Yeast extractions with 30 mM DTT (DTT), 30 mM EDTA
(EDTA) Zymolyase/DTT (Zymolyase), Glucanex/DTT (Glucanex), and Finizym 250L/DTT (Finizym). For each curve, R? is indicated.

induced protein haze formation in white wines. However, large
differences in this action can be found among extracts obtained
from yeast cells with different enzymatic and chemical methods,
and these differences should be related to a different composition
of the extracts. Some extraction methods (i.e., those using 30
mM DTT and Zymolyase) yielded a wine-soluble yeast extract
with a very strong stabilizing effect, even higher than that of
the corresponding MP fraction. Therefore, these extracts should
contain a mixture of haze-protecting factors, some of which are
lost during the MP purification step. The identification of the
non-MP factors contributing to the stabilizing effect warrants
further investigation.

In practical terms, the possibility of stabilizing white wines
by using yeast extracts would be rather unrealistic because of
the large quantity of fresh yeast cells that is necessary (8).
However, on the basis of the results reported here, it appears
that different procedures can be developed to this aim. For
example, a simple reduction step (with DDT, but possibly with
other methods) of the yeast cell wall components can yield an
extract that when added at about 1 g/hL (starting from about 2
Kg of fresh cells) is able to reduce haze formation in wine to
20% or less of the original value. Once the effectiveness of
this approach is established in the actual conditions of wine
making, the simplicity of the procedure will warrant an
evaluation of its economical convenience.

ABBREVIATIONS USED

BB, binding buffer; BSA, bovine serum albumin; ConA,
Concanavalin A; DpW, de-proteinized wine; DTT, dithiothreitol;
EDTA, ethylenediamine tetraacetic acid; HSMP, heat-stable
mannoprotein; MP, mannoprotein; PAS, periodic acid Schiff;
PBS, phosphate buffered saline; UF, unretained fraction; WSF,
wine soluble fraction.

LITERATURE CITED

(1) Ferreira, R. B.; Picarra-Pereira, M. A.; Monteiro, S.; Loureiro,
V. B.; Teixeira, A. R. The wine proteins. Trends Food ci.
Technol. 2002, 12, 230-239.

Waters, E. J.; Alexander, G.; Muhlack, R.; Pocock, K. F.; Colby,
C.; O’Neill, B. K.; Hgj, P. B.; Jones, P. Preventing protein haze
in bottled white wine. Aust. J. Grape Wine Res. 2005, 11, 215-
225.

Pocock, K. F.; Alexander, G. M.; Hayasaka, Y.; Jones, P. R.;
Waters, E. J. Sulfate-a candidate for the missing essential factor
that is required for the formation of protein haze in white wine.
J. Agric. Food Chem. 2007, 55, 1799-1807.

Miller, G. C.; Amon, J. M.; Gibson, R. L; Simpson, R. F. Loss
of wine aroma attributable to protein stabilization with bentonite
or ultrafiltration. Aust. Grapegrower Winemaker 1985, 256, 46—
50.

@

©)

4)



8744 J. Agric. Food Chem., Vol. 55, No. 21, 2007

(5) Tattersall, D. B.; Pocock, K. F.; Hayasaka, Y.; Adams, K.; van
Heeswijck, R.; Waters, E. J.; Hgj, P. B. Pathogenesis Related-
Proteins, Their Accumulation in Grapes during Berry Growth and
Their Involvement in White Wine Heat Instability. Current
Knowledge and Future Perspectives in Relation To Winemaking
Practices. In Molecular Biology & Biotechnology of Grapevine,
Roubelakis-Angelakis, K. A., Eds.; Kluwer Academic Publishers:
Dordreecht, Netherland, 2001; pp. 183-201.

(6) Pocock, K. F.; Hgj, P. B.; Adams, K. S.; Kwiatkowski, M. J.;
Waters, E. J. Combined heat and proteolytic enzyme treatment
of white wines reduces haze forming protein content without
detrimental effect. Aust. J. Grape Wine Res. 2003, 9, 56-63.

(7) Hsu, J.-C.; Heatherbell, D. A. Heat-unstable proteins in grape and
juice. Il. Characterisation and removal by ultrafiltration. Am. J.
Enol. Vitic. 1987, 38, 17-22.

(8) Moine-Ledoux, V.; Dubourdieu, D. An invertase fragment
responsible for improving the protein stability of dry white wines.
J. Si. Food Agric. 1999, 79, 537-543.

(9) Dupin, I. V. S.; Stockdale, V. J.; Williams, P. J.; Jones, G. P,;
Markides, J. M.; Waters, E. J. Saccharomyces cerevisiae man-
noproteins that protect wine from protein haze: evaluation of
extraction methods and immunolocalization. J. Agric. Food Chem.
2000, 48, 1086-1095.

(10) Dupin, I. V. S.; McKinnon, B. M.; Ryan, C.; Boulay, M,
Markides, A. J.; Jones, G. P.; Williams, P. J.; Waters, E. J.
Saccharomyces cerevisiae mannoproteins that protect wine from
protein haze: their release during fermentation and lees contact
and a proposal for their mechanism of action. J. Agric. Food
Chem. 2000, 48, 3098-3105.

(11) Brown, S. L.; Stockdale, V. J.; Pettolino, F.; Pocock, K. F.; de
Barros Lopes, M.; Williams, P. J.; Bacic, A.; Fincher, G. B.; Hgj,
P. B.; Waters, E. J. Reducing haziness in white wine by
overexpression of Saccharomyces cerevisiae genes YOL155¢ and
YDRO055w. Appl. Micrabiol. Biotechnol. 2007, 73, 1363-1376.

(12) Valentin, E.; Herrero, E.; Pastor, F. I. J.; Sentandreu, R. Solubi-
lization and analysis of mannoprotein molecules from the cell wall
of Saccharomyces cerevisiae. J. Gen. Microbiol. 1984, 130, 1419-
1428.

(13) Kim, K. S.; Chang, J. E.; Yun, H. S. Estimation of soluble
f-glucan content of yeast cell wall by the sensitivity to Glucanex
200G treatment. Enzyme Microb. Technol. 2004, 35, 672-677.

(14) Rose, A. H.; Veazey, F. J. Membranes and Lipids of Yeasts. In
Yeast: A Practical Approach; Campbell 1., Duffus, J. H., Eds.;
IRL Press: Oxford, U.K., 1988; pp 255-275.

Lomolino and Curioni

(15) Rizzi, C.; Lomolino, G.; Lante, A.; Crapisi, A.; Spettoli, P.;
Curioni, A. Solubilization and activity detection in polyacrylamide
gels of membrane-bound esterase from an oenological strain of
Saccharomyces cerevisiae. J. Inst. Brew. 2003, 109, 187-193.

(16) Bradford, M. M. A rapid sensitive method for the quantification
of microgram quantities of protein utilizing the principle of protein
dye binding. Anal. Biochem. 1976, 72, 248-254.

(17) Allen, R. C.; Spicer, S. S.; Zehr, D. Concanavalin A-horseradish
peroxidase bridge staining of glycoproteins separated by isoelectric
focusing on polyacrylamide gels. J. Histochem. Cytochem. 1976,
24, 908-914.

(18) Lehle, L.; Cohen, R. E.; Ballou, C. E. Carbohydrate structure of
yeast invertase. J. Biol. Chem. 1979, 254, 12209-12218.

(19) Ribereau-Gayon, P.; Dubourdieu, D.; Doneche, B.; Lonvaud, A.
Carbohydrates. In Handbook of Enology. Ribéreau Gayon, P., Ed.;
Wiley & Sons, New York, 2000; Vol. 2, pp 55-80.

(20) Waters, E. J.; Wallace, W.; Tate, M. E.; Williams, P. J. Isolation
and partial characterization of a natural haze protective factor from
wine. J. Agric. Food Chem. 1993, 41, 724-730.

(21) Langmuir, I. The adsorption of gases on plane surfaces of glass,
mica and platinum. J. Am. Chem. Soc. 1918, 40, 1361-1403.

(22) Le Bourvellec, C.; Renard, C. M. G. C. Non-covalent interaction
between procyanidins and apple cell wall material. Part II:
Quantification and impact of cell wall drying. Biochim. Biophys.
Acta 2005, 1-9.

(23) Le Bourvellec, C.; Bouchet, B.; Renard, C. M. G. C. Non-covalent
interaction between procyanidins and apple cell wall material. Part
I11: Study on model polysaccharides. Biochim. Biophys. Acta 2005,
1725, 10-18.

(24) Riou, V.; Vernhet, A.; Doco, T.; Moutounet, M. Aggregation of
grape seed tannins in model wine-effect of wine polysaccharides.
Food Hydrocolloids 2002, 1, 17-23.

(25) Poncet-Legrand, C.; Doco, T.; Williams, P.; Vernhet, A. Inhibition
of grape seed aggregation by wine mannoproteins: effect of
polysaccharide molecular weight. Am. J. Enal. Vitic. 2007, 58,
87-91.

(26) Baxter, N. J.; Lilley, T. H.; Haslam, E.; Williamson, M. P. Multiple
interactions between polyphenols and a salivary proline-rich
protein repeat result in complexation and precipitation. Biochem-
istry 1997, 36, 5566-5577.

Received for review April 27, 2007. Revised manuscript received August
9, 2007. Accepted August 22, 2007.

JF0712550



