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1 Introduction
In the production of red wine intended to be consumed 

young, it is important to obtain a clear and colored stable product. 
Such red wine is marketed in a shorter time than is necessary 
to obtain a spontaneous stabilization. Deciding on enological 
practices, such as the choice of grape variety, harvest time, 
maceration and fermentation types, and the lack or addition of 
winemaking inputs is technically challenging. Moreover, several 
new cultural, ideological, or purely commercial concepts are 
introduced in enology (Cargnello, 2009).

The fining of wines is a widely employed enological 
practice, even though a wide range of variations exists in the 
process (Tschiersch et al., 2010). The primary goal of fining is 
to promote the clarification of wine and to improve its stability. 
In red wines, fining agents are added to remove the phenolic 
substances, thereby avoiding colloidal precipitation and making 
the wine more clear and stable (Yokotsuka & Singleton, 1995; 
Marchal et al., 2002).

Commercially, various substances are available as fining agents, 
for example: gelatin, casein, egg albumin, activated charcoal, 
bentonite, polyvinylpolypyrrolidone (PVPP), and more recently, 
vegetables proteins (Boulton et al., 2013; Ribéreau-Gayon et al., 
2006; Gibson, 2013; Jiménez‐Martínez et al., 2019; Vernhet, 2019). 
The choice depends on the proposed objectives, the nature of 
the wine, and the compounds to be removed during the process.

The bentonite is the commercial name of a natural clay 
mineral, whose main component is montmorillonite. Its use 
is universally accepted for the adsorption of proteins in wines 
(Blade & Boulton, 1988). Proteins with isoelectric point values 
above the pH of wine have a positive charge in wine and readily 
interact with bentonite (Blade & Boulton, 1988; Úbeda, 2000). 
Bentonite may indirectly bind phenols that have complexed with 
proteins and can also bind anthocyanins, with a consequent 
loss of color (Donovan  et  al., 1998; Dordoni  et  al., 2015). 
Bentonite is efficient in reducing turbidity caused by proteins 
and colloidal dyestuff material, promoting stability of red wines 
(Ribéreau-Gayon et al., 2006).

The polyvinylpolypyrrolidone (PVPP) is a high molecular 
weight vinylpyrrolidone polymer (about 1.000.000) and is 
water insoluble. It is a synthetic fining agent that tends to form 
bonds with phenolic compounds of lower molecular weight 
(Sims et al., 1995; Donovan et al., 1998), promoting the reduction 
in the levels of total polyphenols, phenolic acids, procyanidins, 
catechins, polyphenols, and protein complexes. Mechanism of 
adsorption of polyphenols on PVPP is similar to the mechanism 
of flocculation of gelatin and tannin, with formation of hydrogen 
bonds between the phenolic groups and oxygen of the amine 
group of the pyrrolidone ring (Togores, 2018).

Currently, the pea protein isolate, an adequate alternative to 
proteins of animal origin or proteins with an allergenic potential 
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(Tschiersch et al., 2010; Smith et al., 2015; Vernhet, 2019), has 
been commercialized by oenological input companies both in 
pure form and in combination with other agents. Most of the 
widespread commercial protein fining agents for wine are of 
animal origin. However with the discovery of the transmissible 
nature of Bovine Spongiform Encephalopathy (BSE) and due 
to the concerns about the potential risk of allergies and food 
intolerance from products of animal origin, the search for a new 
protein source was initiated (Marchal et al., 2002; Maury et al., 
2003; Jiménez-Martínez  et  al., 2017). In recent works, it is 
observed that vegetable proteins are as effective as proteins of 
animal origin in the fining of red wines (Ben Aziz et al., 2017; 
Granato et al., 2018; Ficagna et al., 2019).

Within the main companies that supply enological inputs, 
it is normal to offer ready mixtures of fining agents for use 
in wines. Despite several studies comparing fining agents, to 
date there have been no published studies evaluating the effect 
of the combination of three agents on the physico-chemical 
characteristics of red wine. One hypothesis for this practice 
would be that bentonite is used to flocculate proteins as it forms 
a colloidal dispersion of negative electrical charge in wine that 
can modify the positive electrical charge of proteins, producing 
bond and flocculation between two colloids (Togores, 2018). 
In this case, resulting in the clarification of the wine without 
the removal of part of the tannins, these were responsible for 
bitterness and would be free to be removed by the PVPP.

The objective of this study was to investigate the combined 
fining effect of pea protein isolate (PPI), bentonite, and PVPP on 
the reduction of monomeric flavanols, turbidity, and anthocyanin 
content of a young red wine, using experimental mixture design.

2 Materials and methods
2.1 Wine

For the experiment, Merlot red wine (Vitis vinifera) 
was vinified with grapes from the 2012 vintage, in the Serra 
Gaucha region (Brazil). The winemaking process for cultivar 
started with a homogenous volume of 200 L of must, prepared 
following destemming, crushing, enzyme treatment (commercial 
pectinase 20 mg L-1), addition of sulphite (50 mg L-1), yeast 
(250 mg L-1) and supplementation with nutrient Thiazote 
(Laffort, Bordeaux, France) a combined of ammonium salts and 
hydrochloride thiamine (250 mg L-1), maceration (seven days), 
racking, spontaneous malolactic fermentation, and additional 
sulphite (adjusted with 30 mg L-1 free SO2) supplementation. 

Merlot variety was used because of its adaptation to the climate 
and soil of the Serra Gaúcha; it also represents a significant portion 
of the grapes processed in the region (Machado et al., 2017) 
and provides a wine intended to be consumed young (Rizzon 
& Miele, 2003).

The physicochemical characteristics of the wines used in the 
experiment are shown in Table 1. The alcoholic content (mL L-1) 
of wines was determined using an enochemical distilling unit 
(Gibertini, Milan, Italy). Determination of density, total and volatile 
acidity, and total and free SO2 were performed according to OIV 
methods (Organisation Internationale de la Vigne et du Vin, 2009). 
The determination of sugar content (g L-1) was performed based 
on the methodology of Lane-Eynon (Brasil, 2005). The pH was 
determined with an MPA210 benchtop pH meter (Tecnopon, 
Brazil) according to OIV methods (Organisation Internationale 
de la Vigne et du Vin, 2009). The analyses were performed one 
month after the malolactic fermentation.

2.2 Fining agents

For the formulation of the mixtures the following substances 
were tested: polyvinylpolypyrrolidone (PVPP), commercial name: 
Divergan F, provided by BASF SA (Ludwigshafen, Germany); 
bentonite, commercial name: E-Benthon Extra (Perdomini, 
Verona, Italy), and pea protein isolate [Pisum sativum] (PPI), 
commercial name: FITOPROTEINA P, provided by Vason 
(Verona, Itália).

2.3 Fining experiments

Application of the fining agents was performed after 
malolactic fermentation, while adding 50 mg L-1 total sulfur 
dioxide (30 mg L-1 final free SO2) into a volume of 4.6 L of 
wine. The solution containing fining agent (10% w/v in distilled 
water) was introduced using a centrifugal pump with a capacity 
of 280 L h-1, to promote its homogeneous incorporation 
into the wine. The same procedure was performed for the 
control wine, which received no fining agent but received the 
same volume of water equal to that used for the dilution of 
all the agents. After the incorporation of the agent, 4.6 L of 
the wine was packaged in glass containers and maintained 
at 17 °C for seven days. The stabilized wine was separated 
from the precipitate by siphoning and was poured in 0.75 L 
bottles for analysis.

Table 1. Physico-chemical characteristics of Merlot wine 2012 vintage before fining.

Analytical parametersa

Density (g L-1) 994 Total SO2 (mg L-1) 115.20
Alcohol content (mL L-1) 118.0 Free SO2 (mg L-1) 31.44
Sugar content (g L-1) 1.6 Monomeric Flavanols (mg L-1) 12.19
Volatile acidity (g L-1 acetic acid) 0.48 Turbidity (NTUb) 29.0
Total acidity (g L-1 tartaric acid) 4.88 Total Anthocyanins (mg L-1) 519.6
pH 3.39 Total flavan-3-ols (mg L-1) 374.20
aMeans values obtained from three replicates; bNTU = Nephelometric Turbidity Units.
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2.4 Physicochemical analysis

The anthocyanin content was determined by an adaptation 
of the bisulfite method, according to the procedure previously 
described by Chris Somers & Evans (1977). The optical density 
and absorption spectra were measured with a spectrophotometer 
model T92+ (PG Instruments, Lutterworth, United Kingdom). 
Monomeric flavan-3-ol content was determined by preparatory 
C18 Sep-Pak separation into three major fractions, following 
the method proposed by Sun  et  al. (1998). Fractionation 
of neutral phenolic compounds was carried out using a 
C18 Sep-Pak cartridge (Waters Associates, Philadelphia, USA) 
according to Oszmianski et al. (1988), Mayén et al. (1995), and 
Gil-Muñoz et al. (1999). The neutral polyphenols retained in the 
cartridge were eluted using 16% acetonitrile at pH 2.0 to collect 
monomeric flavan-3-ol. The turbidity of the wine was directly 
measured in a nephelometric turbidimeter (model AP2000, Brand 
PoliControl, Diadema, Brazil) that was previously calibrated 
with standard solutions of formazine. Turbidity was expressed 
in NTU (Nephelometric Turbidity Units). All analyses were 
performed two months after bottling.

2.5 Experimental design and statistical analysis

The development of a formulation involving more than two 
components requires some experimental specificities (Cornell, 
2011). Thus, experimental mixture design (simplex centroid) was 
used to evaluate the behavior of mixture formed by an organic 
fining agent (PPI) in combination with two inorganic fining 
agents (PVPP and bentonite). The design for three components 
comprised seven tests with four replicates at the central point and 
two replicates at the other points (vertices and lateral). As control 
treatment, an additional trial was performed in duplicate where 
the wine underwent all the similar processes, except receiving 
a fining agent mixture. The upper limit for each of the fining 
agents was established based on previous tests, and the doses of 
0.20 g L-1 and 0.5 g L-1 were used for PPI and inorganic clarifiers, 
respectively. The proportions in each formulation, expressed 
in real concentrations and in pseudocomponents (Bruns et al., 
2006), are shown in Table 2.

Statistica 9.0 (StatSoft Inc., 2009) was used for planning 
the mixtures, analysis of the experimental data, and component 
optimization. The mixtures were prepared to obtain the response 
surfaces, using the expression of the special cubic model 
(Cornell, 2011) as shown in Equation 1. The mathematical 
models adjusted for each response were submitted to analysis 
of variance (ANOVA) to evaluate the significance (p <0.05) and 
the adjusted coefficient of determination (adjusted R2).

q q

i i ij i j ijk i j k
i 1 i j i j k

y  x   x x x x x
= < < <

= β +∑ β + ∑ ∑β∑ ∑ ∑ 	 (1)

3 Results and discussion
We evaluated the individual and combined effect of the three 

fining agents PPI, PVPP, and Bentonite, on the reduction of 
monomeric flavanols, turbidity, and percentage of anthocyanins in 
wine. According to the analysis of variance, the adjusted models 
explained 98%, 95%, and 94% of the variation, respectively 
(Table 3). These parameters were positively influenced by the 
three fining agents, except for turbidity reduction where the 
interaction between PPI and Bentonite had a negative influence. 
For the three variables studied, the coefficients β123 were positive 
with a high value compared to the other coefficients, indicating 
synergism. Thus, the three fining agents applied together produced 
a greater effect than when used individually.

3.1 Monomeric flavan-3-ol

The most important requirement of a protein fining agent 
is the reduction in bitterness and astringency in wine. The effect 
of fining proteins in reducing these characteristics is attributed 
to the interaction of the proteins with phenolic compounds, 
especially tannins, which are the main components responsible for 
astringency (Luck et al., 1994; Soares et al., 2017). Low molecular 
weight phenolic compounds, such as monomeric and oligomeric 
flavan-3-ols, might influence the bitterness of wines (Arnold et al., 
1980; Thorngate & Noble, 1995; Kallithraka et al., 1997; Hufnagel 
& Hofmann, 2008; Sáenz-Navajas et al., 2010).

The reduction in the monomeric flavanols (Figure 1a) in 
the wine is affected with the increase in the concentration of PPI 

Table 2. Matrix of the simplex-centroid experimental design with pseudocomponents, real concentrations and replicates for the mixture of three 
fining agents.

Point Run
Pseudocomponents Real concentrations (g L-1)

ReplicasX1 X2 X3 X1 X2 X3

PPI PVPP Bentonite PPI PVPP Bentonite
Vertice 1 1 1.0 0.0 0.0 0.200 0.000 0.000 2
Vertice 2 2 0.0 1.0 0.0 0.000 0.500 0.000 2
Vertice 3 3 0.0 0.0 1.0 0.000 0.000 0.500 2
Lateral 1 4 0.5 0.5 0.0 0.100 0.250 0.000 2
Lateral 2 5 0.5 0.0 0.5 0.100 0.000 0.250 2
Lateral 3 6 0.0 0.5 0.5 0.000 0.250 0.250 2
Center 7 0.33 0.33 0.33 0.067 0.167 0.167 4

Control 8 0.0 0.0 0.0 0.0 0.0 0.0 2
X1 = Pea Protein Isolate; X2 = Polyvinylpolypyrrolidone; X3 = Bentonite. X1+X2+X3=1 or 100%; PPI = Pea Protein Isolate; PVPP = Polyvinylpolypyrrolidone.
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and Bentonite in the mixture. Similar to the results obtained by 
Ben Aziz et al. (2017), we observed that combining PVPP and 
Bentonite resulted in a greater reduction in flavan-3-ol levels 
compared to that achieved by treatment with the combination 
of pea protein isolate and bentonite.

Bentonite alone showed the lowest reduction in these phenolic 
compounds (<15%), whereas PVPP alone exhibited the greatest 
effect (>55%). This result was expected since PVPP is a synthetic 
fining agent compound that tends to form bonds with monomeric 
and small polyphenols owing to a conformational preference that 

allows hydrogen bonding of the carboxylic groups (PVPP) with 
the phenolic hydrogens (Donovan et al., 1998). Puškaš & Miljić 
(2012), while studying the effects of different fining agents on red 
wine removal of (+) -catechins and (-) -epicatechins, observed 
less removal of bentonite (19-25%) versus PVPP (30-35%).

3.2 Turbidity

The fining aims to eliminate wine turbidity, the visible particles 
that absorb or deflect light (Blouin & Peynaud, 2004). The reduction 
in was lower when PPI and PVPP were used alone, while bentonite 

Table 3. Regression coefficients and analysis of variance of the models adjusted to the reduction of monomeric flavanols, to turbidity reduction 
and anthocyanin content after fining with a mixture containing PPI, PVPP and Bentonite.

Reduction of monomeric flavanols (%) Reduction of turbidity (%) Anthocyanin content (%)
β1 (X1) 39.5113 * 67.5500 * 80.6100 *
β2 (X2) 56.7688 * 48.3000 * 82.1260 *
β3 (X3) 14.1206 * 87.7500 * 77.8620 *

β12 -5.0666 71.9000 * -3.4960
β13 -8.7173 -38.8000 * 6.0780
β23 30.6057 * 6.9000 -5.7000
β123 214.5591 * 219.7500 * 204.5955 *

Significance of the model (p) <0.001 <0.001 <0.001
R2 adjusted 0.98 0.95 0.94

Y  = β1 X1 + β2 X2 + β3 X3 + β12 X1 X2 + β13 X1 X3 + β23 X2 X3 + β123 X1 X2 X3

X1 = Pea Protein Isolate; X2 = PVPP; X3 = Bentonite; PPI = Pea Protein Isolate; PVPP = Polyvinylpolypyrrolidone; *Significant coefficients (p < 0.05).

Figure 1. Triangular diagrams with the level curves obtained by the experimental model (in terms of pseudocomponents) for the reduction of 
monomeric flavanols (a), turbidity reduction (b) and anthocyanin content (c) in red wine after fining. Area between points delimits a region 
analyzed experimentally. PPI = Pea Protein Isolate; PVPP = Polyvinylpolypyrrolidone.
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reduced (>85%) turbidity in wines drastically. These results are in 
agreement with those of Gazzola et al. (2017), in which clarification 
with PVPP and pea protein in Chardonnay wine resulted in 
a marginal reduction in turbidity (± 6%). Pea protein did not 
reduce turbidity of Raboso Red wine. González-Neves et al. (2014) 
studying the reduction in turbidity of young wines also noted that 
bentonite promoted greater reduction than other fining agents 
such as vegetable proteins, albumin, and gelatin.

In this study, the interaction between the three fining agents 
at the central point, and between PPI and PVPP promoted a 
greater reduction of turbidity, showing synergism (Figure 1b). 
The interaction between PPI and bentonite, as mentioned 
previously, had a negative effect, indicating that these two 
components have an antagonistic effect. Our results differ from 
those of Iturmendi et al. (2010), who observed that combining 
proteins of vegetal origin with bentonite did not lead to any 
significant effect on the turbidity reduction, when compared 
to the use of vegetal proteins individually.

The isoelectric point of the PPI is greater than the pH 
of the wine, and when diluted it becomes positively charged. 
The adsorption of proteins in wine by bentonites is due primarily 
to the cation exchange action of these clays (Blade & Boulton, 
1988), based on electrostatics, hydrophobicity, and/or hydrophilic 
interactions (Staunton & Quiquampoix, 1994; Gougeon et al., 2002). 
The observed antagonism may be explained by the interaction 
between PPI and bentonite, partially canceling out their effects.

3.3 Total anthocyanins

The anthocyanin content of post-fining wines was higher at 
the central point (Figure 1c). The coefficients related to the binary 
mixtures did not present statistical significance, only the term 

of the cubic coefficient (mixture of the three clarifiers) showed 
significance. According to the coefficients of these variables, the 
effect of the three agents individually is very similar, and the 
equilibrium of the mixture of the three components promotes 
a higher content of anthocyanins at the end of the fining.

The decrease in the total anthocyanin levels using fining 
agents tested is recognized by several authors (Triberti, 1992; 
Castillo-Sánchez et al., 2006, 2008; González-Neves et al., 2014). 
Recent studies have indicated a high retention of anthocyanins 
while using Bentonite, whereas the effect of the pea protein isolate 
was not significant for three red wines (Jiménez‐Martínez et al., 
2019). In previous work, Dordoni et al. (2015) found a reduction 
in anthocyanin content in Valpolicella wines treated with three 
of four bentonites studied. In a comparative study among fining 
agents in red wine, bentonite showed a greater reduction in the 
total anthocyanin content in comparison to the control wine, and 
the mixture of PVPP and casein resulted in a reduction similar 
to that achieved with bentonite. Furthermore, use of vegetable 
protein resulted in the smallest reduction in anthocyanin content 
(Ghanem et al., 2017).

3.4 Mixture optimization

To better evaluate the importance of the combination of the 
three fining agents, the ratio between the agents was optimized 
so that the blend maximized the to the three responses variables. 
Thus, combination of 25% PPI, 43% PVPP, and 32% bentonite 
produced the best results (Figure 2). These data revealed that, 
to improve one set of characteristics at the end of the fining, 
the blend of the three fining agents gives superior results than 
the use of isolated agent or the combination of two of these 

Figure 2. Graphs obtained through the methodology of Derringer & Suich (1980). Optimization of fining agents mixing conditions to maximize 
studied variables. PPI = Pea Protein Isolate; PVPP = Polyvinylpolypyrrolidone.
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agents. The synergistic effect can be explained by the hypothesis 
previously mentioned. In addition, each fining agent acts on 
a determined portion of compounds present in the medium, 
making the simultaneous presence of these responsible for the 
improvement of the different parameters.

4 Conclusions
Bentonite and PVPP combination showed a synergistic 

effect for the reduction in monomeric flavanol levels. Mixture 
of PPI and PVPP showed a synergistic effect in the reduction of 
turbidity. However, the combination of PPI and bentonite has an 
antagonistic effect in turbidity, where the agents were partially 
annulled. The combination of the three agents resulted in a higher 
content of anthocyanins in wine. Through the simultaneous 
optimization of the three response variables studied, it was 
demonstrated that the presence of the three fining agents is 
important during the process. According to predictive modeling, 
the proportion of 25% PPI, 43% PVPP, and 32% bentonite get 
in superior results to isolated use of these additives.
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