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Abstract: Protein-based clarification agents were tested to clarify Chardonnay grape musts during
sedimentation. The experiments were conducted in the Etyek–Buda Wine Region in Northwest
Hungary over four vintages between 2020 and 2023. The performance of the treatment agents was
influenced by several factors, such as the composition of the grape must (the absolute concentration
and the relative ratio of phenolic compounds) which varied with the vintage characteristics, the
physiological and phenolic ripeness of the grapes, and the composition of the clarifying agents
itself. Recent investigations show that fully ripe fruit juices can be clarified more effectively, and
the effectiveness increases when different types of clarification agents are combined with the plant
proteins, e.g., PVPP greatly facilitates the removal of phenolic compounds. The tested plant protein-
based clarification agents did not influence the YAN source of the grape musts before fermentation.
Our investigations proved an effective impact of these preparations even during the first steps of wine
technology. Sensory properties and chemical stability are improved by decreasing the polyphenol
content before fermentation, and, besides the good technological effects, wines treated with plant
protein agents can be included in the vegan diet.

Keywords: plant protein fining agent; pea protein; PVPP; phenolic composition; yeast assimilable
nitrogen; sedimentation; grape must clarification

1. Introduction

The phenolic compounds of grapes and wine have been one of the most important
subjects of oenological research for decades due to their influence on technological and
sensory characteristics on the one hand, and their physiological effects on the human body
on the other. Phenolic components tend to oxidise, thus causing browning and a bitter or
astringent taste. Polyphenols have strong antioxidant properties, offering positive effects
on the human body. The generally accepted classification distinguishes non-flavonoid
(simple) phenols, flavonoid phenols, and tannins [1]. Grape and wine flavonoids include
catechins, leucoanthocyanins, and anthocyanin monomers, the latter of which are typically
present in blue grapes. Leucoanthocyanins provide a significant part of the tannin content
of must and wine, and they also play a decisive role in the development of organoleptic
properties; their tannic, astringent taste depends on the degree of polymerisation and can
be smoothed out with oenological treatments (clarification and fining). The organoleptic
properties of wines of organic production are similar to those of conventional products, but
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their environmental benefits are indisputable. Often, if not always, this difference can also
be observed in the chemical composition, even in terms of a higher polyphenol content [2].
Sparkling wines form a specific group of oenological products. Their production involves a
second alcoholic fermentation of a sparkling wine base, namely the “cuvée”, consisting of
a dry wine, precisely dosed fermenting sugars, and an inoculation starter. The base wine
should be light-bodied with a pronounced acidity and a decent polyphenolic content for a
harmonious product. For best results, the pre-fermentation clarification and the final fining
of the base wine should focus on smoothing the phenolic composition [3].

The Etyek–Buda Wine Region plays a key role in Hungarian sparkling wine produc-
tion, where traditional and classic bottle fermentation methods are used. The base wines
are produced from the varieties Chardonnay, Pinot blanc, Pinot gris, and Pinot noir [4],
of which Chardonnay is the most widespread variety in the wine-growing area [5]. Sev-
eral investigations have been published about the differing phenolic composition of the
varieties, which point to the high concentration of simple phenolics and phenolic acids
in Chardonnay musts [6–8]. Based on former experiments in producing Etyeki Pezsgő
sparkling wines, (partial) removal of the phenolic composition results in better organoleptic
properties of the products [9–11].

Juice clarification and wine fining agents are commonly used at various stages of
the winemaking process. Their purpose is to remove certain undesirable (haze-forming
or odour-masking) components: colloids or entire groups of compounds (e.g., tannins,
phenolic compounds), which can affect not only the wine’s aesthetic appearance (cloudi-
ness) but also its taste and stability. The most commonly used agents are mineral-based
(e.g., bentonite for binding proteins), protein-based (for precipitation of polyphenols), or
polymer (e.g., polyvinylpolypyrrolidone (PVPP)) materials [12].

Protein-based clarifying agents form complexes with wine tannins, which can result
in negatively charged hydrophobic colloids. These colloids can precipitate in the presence
of metal cations. Other proteins may mainly associate with negatively charged particles
in suspension or colloidal form. Certain proteins (such as casein) flocculate solely due
to the low pH of the wine, but the presence of tannins is necessary for precipitation
and clarification [12]. Proteins used in the food industry as raw materials or processing
aids usually originate from animal sources; nevertheless, some plant products (such as
cereals, potatoes, or pulses) may provide a useful source of proteins as well [13]. In the wine
industry, commonly used animal proteins are gelatine, isinglass, casein, or egg albumin [14].
From the beginning of the 21st century, plant protein-based clarification agents have
become increasingly widespread and can even be used in organic agriculture [15]. The use
of vegetable proteins has become more emphasised since various (ethical, sustainability,
health, or allergenic) concerns arise from time to time regarding the agents of swine, bovine,
or poultry origin. On the other hand, attention is focused on new clarification agents
because of allergenic properties or technological disadvantages (removal of favourable
aromas and flavours) [16–18].

According to early tests, wines treated with clarifying agents—even egg albumin—
do not pose a health risk, especially if bentonite fining is also used to remove protein
residues and the clarification process is combined with efficient filtration [19]. However, it
remains controversial whether treated wines can cause allergies, and this applies equally to
plant-derived proteins such as wheat proteins [20]. With more precise detection methods,
the presence of allergenic proteins in products can be excluded (or confirmed) more and
more reliably [21]. The range of consumers who completely avoid or reduce the use of
animal-derived foods and other products (cosmetics) due to environmental considerations
is also becoming wider. The population with a vegetarian or vegan lifestyle is constantly
growing [22]. There have, therefore, been many attempts to replace animal protein-based
wine treatment agents with vegan alternatives. During the Vienna Assembly, in July 2004,
the International Organisation of Vine and Wine (OIV) approved the use of some plant
protein-based fining agents in grape juice and wine [23], and in December 2005, the use of
wheat gluten and pea protein was permitted in the European Union [24].
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Since 2006, wheat-based vegetable proteins have been available on the market for
wine treatment processes. These materials were first used for wines made for consumers
with special dietary requirements (vegans). Due to the risks of allergenic wine treatment
substances and the obligation to indicate them on the label, the research was directed to
pea and other vegetable-based proteins [25]. There has been little practical experience
with plant-based treatments compared to gelatine, isinglass, and casein. For the removal
of monomeric and dimeric flavanols, clarifying agents based on wheat protein and lentil
protein have proven to be effective; nevertheless, wheat protein may have a gentler effect
on the wine’s aromatics [26].

In addition to wheat gluten, proteins extracted from lupins, peas, potatoes, and soy
have become the subject of other investigations. Based on first experiences, plant-based
proteins with a protein content of over 80% are effective in wine treatment processes, and
most vegetable proteins were utilised in coarse clarification processes achieving a turbidity
close to 10 NTU [27]. The total polyphenol content can be reduced with pea proteins.
In addition, by binding oxidised phenols, the colour of rosé wines becomes more vivid.
Since plant proteins have a limited capacity and cannot remove bitter-tasting polyphenols,
combinations with other treatment agents (PVPP, bentonite, silicates) can provide a good
solution for clarifying treatments [27]. Pea protein or patatin can be an excellent alternative
to the highly effective PVPP [28]. The efficiency of patatin is similar to that of gelatine and
exceeds that of egg albumin and casein. Proteins from legumes (soy, lentils, peas), wheat
gluten, and corn protein have also been tested. These are effective in removing tannins,
although the exact impact depends on the protein composition and dose [29] or even on the
chemical structure (e.g., modifications with hydrolysis) of the plant protein molecules [30].

In current studies, various plant-based juice clarification agents were tested during
the base wine preparation for Etyek sparkling wines. The main goal was to analyse the
change in the phenolic composition crucial for sensory evaluation, and the effect of the
agents on the yeast assimilable nitrogen content was also investigated.

2. Materials and Methods

This paper presents the results of grape must clarification before fermentation, with the
addition of four commercial plant-protein-containing clarification agents. The experiments
were conducted on Chardonnay grape musts of organic production [15] in the Etyek–Buda
Wine Region (NW-Hungary) in four consecutive vintages from 2020 to 2023.

2.1. Grape Processing and Vinification

The harvested grape material was processed at the Anonym Winery, Etyek/Hungary,
which specialises in sparkling wine production. The grapes were pressed in a pneumatic
wine press, applying a maximum pressure of 1.2 bar, achieving 65% extraction of the
grape juice. The grape juice was divided into 5 portions and poured into 5 stainless steel
sedimentation tanks. The juice portions were settled at 16 ◦C using one of four commercial
clarifying agents in each, and one part was left settling without any treatment agents.
After 12 h, the cleaned musts were racked from the sediment into fermentation tanks.
At this point, samples were collected, and a chemical analysis of the grape juice batches
was conducted.

The fermentation was conducted at 16 ◦C, using a commercial yeast product for
organic wine production, purchased from Erbslöh Austria GmbH (Siegendorf, Austria).
After fermentation, the wines were racked from the coarse lees, and samples were collected
for analysis.

The effectiveness of a treatment agent largely depends on the mechanism of action
of its components. The products used in the present investigation contained pea protein,
PVPP, chitin-glucan, microcrystalline cellulose, and silicates (bentonite) as clarifying in-
gredients. Pea protein can easily bind phenolic components with a harsh, green, unripe
taste which also oxidise rapidly and give wines a brown colour. The PVPP binds most
bitter substances (catechins) and green notes; in addition, it reduces the risk of oxidation.
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Cellulose and silicate remove phenolic compounds based on their adsorptive effect. Chitin-
glucan, a polysaccharide, improves the must clarification efficiency and binds non-specific
polyphenols [31–34]. Table 1 summarises the plant-protein treatment agents used in the
experiments. Dosage was applied according to the manufacturer’s recommendations.

Table 1. Summary of the clarification agents.

In Further Discussion
Referred to As Basic Description Composition Applied Dose

Rosé Casein-free plant-based clarification agent for
rosé musts/wines [31]

Pea proteins
PVPP 100 g/100 L

ChiF Plant-based clarification, and flotation agent
for white, and rosé musts/wines [32]

Pea proteins
Chitin-glucan

L(+)-tartaric acid
Potassium-metabisulfite

200 mL/100 L

Most

A vegan clarification agent for white/rosé
grape musts

Preventing oxidation and bitterness by the
removal of phenolic compounds [33]

Microcrystalline cellulose
Pea proteins

PVPP
Bentonite

100 g/100 L

Orig

A plant-based clarification agent for
white/rosé musts, and white/rosé/red

wines with specific flocculation properties,
for the absorption of browning phenolics [34]

Pea proteins 50 g/100 L

2.2. Chemical Analysis Methods

Measurements included the determination of reducing sugar content, acidity, pH, total
polyphenolics (TP; all kinds of phenolic components, which form a blue-coloured complex
with the Folin–Ciocalteu reagent), catechins, leucoanthocyanins, and yeast assimilable ni-
trogen content (YAN; immediately absorbable inorganic (ammonium) and organic (mainly
amino acids) nitrogenous components). YAN was measured to monitor the nutrient supply
for the yeasts, as one requirement for clarification agents is that these do not affect the YAN
levels of the musts.

Reducing sugar content was measured by the Rebelein method [35]. Acidity was
determined by titrimetry [36] (pp. 433–435), and pH values were determined by combined
electrodes [36] (pp. 491–493).

TP was determined according to the Folin–Ciocalteu method with some modifications,
as results were calculated based on a calibration with gallic acid. Results are, therefore,
expressed in mg gallic acid per litre [36] (pp. 119–120). Leucoanthocyanin content was
determined after heating with hydrochloric acid by spectrophotometry at 550 nm, according
to Flanzy’s method [37]. The results are expressed in mg malvidine-3,5-diglucoside per
litre. Catechin content was determined by spectrophotometry at 500 nm after a colour
reaction with vanillin in a sulfuric acid–ethanol medium, according to Rebelein [38].

YAN levels were determined by spectrophotometry, with results expressed in mg
valine per litre, using ninhydrin reagent (50 mL reagent containing 1.5 g ninhydrin, 1.25 mL
glacial acetic acid, and 6.3 g Na-acetate × 3H2O diluted in 2-methoxy ethanol): 1 mL
reagent was added to 0.5 mL of a 10-times diluted grape juice (dilution with distilled
water) in a screw test tube. The sealed test tube was placed in boiling water (100 ◦C) for
15 min. After cooling, 5 mL of a 1:1 dilution of water and isopropanol was added, and the
absorbance was measured at 570 nm.

All measurements were conducted at the Hungarian University of Agriculture and
Life Sciences, Department of Oenology, Budapest. Spectrophotometry was performed
using a Dynamica Halo RB-10 (Precisa Gravimetrics AG, Dietikon, Switzerland)
UV-VIS spectrophotometer.



Fermentation 2024, 10, 642 5 of 11

3. Results and Discussion
3.1. Overview of the Vintages

The grape material in the four vintages had distinct characteristics reflecting the
unique features of each vintage. In 2020, the winter and spring were mild with low
precipitation. Starting in May, the drought was followed by a balanced vegetation period.
The summer weather was free from extremes, without prolonged heat waves. The harvest
began at the beginning of September, at the usual harvest time. The musts were generally
extremely concentrated, with high acidity, high extract content, high sugar content, and
normal polyphenol content. The grapes for the experiment were harvested in technological
ripeness for a sparkling wine cuvée.

Due to the dry and cold spring, flowering was also delayed in the vintage 2021.
The harvest date was also postponed, with the harvests starting in the first decade of
September. A slow ripening process could be observed: the sugar content increased
rapidly, but the acidity decreased slowly. By mid-September, all varieties were suddenly
ripe. For our experimental material, an ordinary sugar content could be achieved with an
outstanding acidity, and the nitrogen source seemed to be available in sufficient quantities
for the fermentation.

The year 2022 was an extremely drought-prone vintage. At the end of August, the
grapes were still characterised by a sluggish sugar accumulation. Some varieties had param-
eters typical of forced ripening: high acidity and moderate sugar content. In most varieties,
the acidity was decomposed quickly by mid-September. The polyphenol content of the
grape musts was outstanding, causing intense browning processes. These circumstances
resulted in rapidly maturing wines.

The character of the 2023 vintage was the opposite of 2022. The vegetation period was
particularly rich in precipitation, causing many plant protection issues: unprecedented
downy mildew pressure, followed by powdery mildew. The Chardonnay plantation was
defoliated in early August to enhance the effectiveness of plant protection treatments
permitted in organic cultivation. The harvest was carried out in the first days of September,
with slightly thinner musts and a lower sugar content than in previous years. Chardonnay
contained somewhat higher phenolic content than usual due to defoliation; however, the
nitrogen source was expected to be insufficient (Table 2).

Table 2. Basic composition of organic Chardonnay grape juices in four vintages.

Vintage Harvest Date Reducing Sugars (g/L) Titratable Acidity (g/L) pH YAN (mg/L)

2020 3 September 148 9.6 3.10 1036
2021 30 August 193 11.8 3.05 2176
2022 29 August 267 8.4 3.15 1587
2023 30 August 152 8.4 3.14 644

The quantity of phenolic substances varied significantly between the different vintages.
The data confirm that as the grape reaches full maturity, the concentration of phenolic
components in the juice also increases, paralleling the phenolic composition and the phys-
iological ripeness (Table 3). The leucoanthocyanin content of the 2020 grape juice was
exceptionally high, although its sugar content remained relatively low.

Table 3. Polyphenolic composition of organic Chardonnay grape juices in four vintages.

Vintage Total Polyphenolics (mg/L) Total Catechins (mg/L) Leucoanthocyanins (mg/L)

2020 209 289 1015
2021 252 478 682
2022 842 983 1156
2023 492 386 563
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3.2. Effect of the Clarification Treatments

It is challenging to compare the effectiveness of the treatment agents because the
initial grape composition varies greatly depending on the vintage. An obvious solution is
comparing the ratio of the removed amounts of the phenolic compounds (Table 4) and the
YAN (discussed later, see Table 5).

Table 4. The ratio of removed phenolic components in Chardonnay grape juices during clarification
before fermentation with plant-based fining agents in four consecutive vintages. Data were calculated
as the difference between non- and after-treatment concentrations, expressed as percentages (%).

Rosé ChiF Most Orig
2020 2021 2022 2023 2020 2021 2022 2023 2020 2021 2022 2023 2020 2021 2022 2023

Removed total polyphenolics (%):
31.6 4.0 36.3 16.5 3.3 0 13.2 14.0 28.2 0.8 27.3 6.1 54.5 2.0 22.0 7.7

Removed catechins (%):
35.6 0 54.0 15.3 43.6 1.5 5.3 14.0 45.0 2.3 47.5 10.4 54.7 3.3 35.5 8.5

Removed leucoanthocyanins (%):
29.7 0 29.5 9.1 36.7 0 0 14.6 59.5 0.4 46.7 10.5 57.2 1.2 13.8 6.4

Table 5. Clarification effect of plant protein-based agents on the YAN levels in organic Chardonnay
grape musts in four consecutive vintages. YAN levels are expressed in mg valin per litre. Re-
moved YAN values were calculated as the difference between non- and after-treatment grape musts,
expressed as percentages.

Vintage Initial YAN
(mg/L)

YAN Removed Before Fermentation YAN in Wines
(mg/L)by Agent (%)

2020 1036

Rosé 0 639
ChiF 0 612
Most 9.4 708
Orig 0 554

2021 2176

Rosé 7.5 963
ChiF 0 941
Most 2.3 1012
Orig 4.1 1065

2022 1587

Rosé 0.5 1190
ChiF 0 1246
Most 4.6 1283
Orig 3.7 1182

2023 644

Rosé 9.6 307
ChiF 4.2 286
Most 7.1 263
Orig 2.5 304

The vintage characteristics should be considered when analysing the effectiveness of
treatment materials.

3.2.1. Change of the Phenolic Composition

When phenolic substances are present in higher concentrations, their removed propor-
tion is also greater during the clarification process (Figure 1).

Depending on the composition of the treatment agents, some specificity in the re-
duction of the tannin compounds can be observed. Although no statistically significant
differences can be observed due to the large standard deviation, important trends emerge
from a technological point of view. In the 2021 vintage, pre-fermentation clarification
treatments with all tested agents have had an insufficient effect. In this vintage, we ob-
served the highest acid content (11.8 g/L), with a pH value of around 3.0. Possibly, this
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outstanding acid content hindered the effectiveness of grape juice cleaning. Nevertheless,
during fermentation, a satisfactory decrease in the phenolic content could be observed in
the experimental wines.
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“Rosé” (pea protein and PVPP) and “Most” (pea protein, PVPP, bentonite, and cellu-
lose) had a similar effect in reducing the TP. They were highly effective in 2022, when the
grape material had reached both physiologic and phenolic ripeness with a high polyphenol
content. When less ripe grapes were harvested for sparkling wine in 2020, both cleaning
agents proved similarly effective in removing around 30% of the phenolic content before
the fermentation.

In the “ChiF” samples (a combined flotation agent containing pea protein, chitin-
glucan, tartaric acid, and potassium hydrogen sulphite), the treatment’s overall effective-
ness tended to be lower. Its effect on TP was outstanding only in the well-ripened 2023
vintage, performing similarly to the “Rosé”. Results were similar in 2022, with other
clarification agents being more effective that year.

The efficacy of the “Orig” (pure pea protein) in the 2020 grape juice was outstanding
by removing more than half of the TP. This is the highest TP value in the whole series of
experiments. In addition, the treatment gave an appreciable result in the 2022 vintage, but
its effect in the 2021 and 2023 vintages was negligible in terms of the TP.

In some cases, the treatment agents were particularly effective in reducing catechin
(Figure 2). Removing the catechin content of the 2022 grape juice was the easiest—similarly
to TP—and a similar performance was achieved in 2020 as well. The most striking result is
the low efficiency of “ChiF” in 2022. The catechin content of the 2021 vintage grape juice
was generally difficult to remove with any of the tested agents.

In the 2023 vintage, approximately 10–15% of catechins were removed during juice
clarification, with no statistically significant differences.

The removal of leucoanthocyanins more or less followed the pattern observed for
catechins (Figure 3). This suggests that the clarification agents are almost equally specific
for the two types of flavonoids, namely catechins and leucoanthocyanins.
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The lowest overall efficiency was shown by the “ChiF” treatment. Apart from the
difficult-to-clarify 2021 vintage, it did not remove leucoanthocyanins from the 2022 grape
juice with phenolic ripeness. We have to mention that the leucoanthocyanin content
was the highest in these two years. “ChiF” performed a measurable reduction of the
leucoanthocyanins only in 2020, but the other agents also turned out to be effective in
that year. The agents with complex ingredients, “Rosé” and “Most”, performed similarly,
perhaps with a slightly greater clarifying efficacy in the case of the latter. Achievements
with the “Orig” (pure pea protein) were similar, although, in the well-ripened 2022 vintage,
it lagged behind them in efficiency.

3.2.2. Change in the YAN-Levels

Grape juice treatments based on plant protein did not significantly affect the nitrogen
source (Table 5). Considering the entire duration of the study (four vintages), neither of
the four treatment agents caused a higher than 10% decrease in nitrogen content. The
tests were carried out before inoculation with a commercial starter and the related nutrient
dosing, so the results only refer to the effect on the natural YAN levels of the grape juices.

4. Conclusions

The effect and performance of the plant protein-based grape juice treatment agents
depend on several factors. Based on present investigations, influencing factors can be,
without claiming to be complete, (1) the characteristics of the vintage, which fundamentally
influence the composition and behaviour of the grapes (e.g., spontaneous settlement, clean-
ability); (2) the analytical composition of the must, including the absolute concentration and
the relative ratio of phenolic compounds; (3) the physiological and phenolic ripeness of the
grapes; and (4) the composition of grape juice clarifying agents, and possible combinations.
Some of these factors are related to, or derived from, each other or can be traced back to the
same physical, chemical, and biological causes.

The results of the present investigations can be summarised as follows:

• The clarification of juices from fully ripe grapes is easier, practically any must-treatment
agent can be effective.

• Grape juices with a higher acidity and a low pH can become difficult to clarify, or the
process may even fail. In this case, the role of incomplete ripeness of the fruit also
arises, reducing efficiency.

• Although pure pea protein preparations can work sufficiently, the efficacy and effec-
tiveness increase when other types of clarification agents are used in combination, e.g.,
PVPP greatly facilitates the removal of phenolic compounds.

• The pea protein preparation containing chitin-glucan, L(+)-tartaric acid, and potassium-
metabisulfite in combination showed lower efficiency in gravity-settling grape juice
clarification in recent experiments. According to the manufacturer’s recommendations,
this agent is more suitable and therefore recommended for flotation.

• The effect of plant protein-based clarification agents is insignificant on the YAN source.

The clarifying effect of plant protein-based preparations can be detected in many
analytical parameters of grape juice, especially phenolic components. Proteins of plant
origin may have an effective impact even at the first steps of wine technology. As a result
of the treatments, the changes (decreasing) in the polyphenol content of the grape juice can
improve both the sensory properties and the chemical stability of future wines, which can
also be consumed by those following a vegan diet.

Due to the characteristics of the Chardonnay variety, as well as the difference between
vintages, further experiments are considered. Many factors affect the phenolic and YAN
composition and their behaviour in grape juice and wines. Plant-based fining agents are
also likely to play a major role in the natural and organic wine segment, so more studies
in this field may be justified. Since manufacturing such agents is more acceptable from
various sustainability points of view than those of animal origin (e.g., gelatin, casein), they
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can be more easily integrated into the market segment that follows the philosophy and
ethical issues involved.

While the studies need to be expanded to other—both autochthonous and
international—white wine grape varieties, it will also be important to study the fining
effect in wine products made from red grapes—rosé musts, blanc de noir sparkling wines,
etc.—especially in terms of their interaction with anthocyanins and other pigments.
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