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Abstract. The fermentation of Isabella and Pocklington grape varieties was carried out to obtain dry wine materials. The process of treating wine materials with conventional bentonite and modified bentonite at the clarification stage was studied. It was found that the acidity of the wine materials systematically decreases by the end of the treatment when using modified bentonite. It is proposed to use modified bentonite samples in winemaking technology, as they not only contribute to clarification but also reduce the acidity of the wine.
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Introduction 
Wine stabilisation and clarification are important steps in the wine production process, during which turbidity can be eliminated or prevented while maintaining the quality of the drink. These measures are aimed at improving certain characteristics of wine and ensuring its quality and stability over time. The most widespread treatment of wines from a technological and economic point of view is the treatment with bentonite [1, 2]. Bentonite is a clay with a SiO2 content of 50...65 % by weight, Al2O3 - 15...20 % by weight, Ca, Mg, Na, Fe oxides - 0.5...3.5 % by weight. In appearance, bentonite is a fine cereal  or powder of grey or greyish-yellowish colour, tasteless and odourless; humidity is within 3...10 % by weight, and pH is 9 [3]. Bentonite has the ability to swell in water, i.e., it can form colloidal systems with pronounced adsorption properties of protein compounds that coagulate with increasing acidity. Bentonite clays are capable of adsorbing polypeptides, proteins, enzymes, amino acids, yeast and bacterial cells. This property of bentonite clays is used in the technology of clarification of wines, juices, wine and apple cider vinegar [3 - 5].
The adsorption of protein substances is based on the fact that most proteins in the wine material have a positive charge, while bentonite has a negative charge. Therefore, the opposite charge values of the particles lead to their adsorption. Coagulation and adsorption of bentonite occur very quickly, with protein compounds being separated almost completely, and wine microorganisms - within 80...90 % [6]. In the mechanism of wine clarification, a decisive role is played not only by adsorption processes, but also by coagulation of molecules due to electrostatic interaction with bentonite particles and adhesive sticking to the surface of clarifier particles. The acidity of wine significantly affects the efficiency of its clarification: with an increase in the pH of the medium, the agglomeration rate of the bentonite suspension increases. During swelling, bentonite increases in volume by 8...10 times from the initial level (typical for bentonites with a high sodium content). Swelling is more efficient with an increase in the level of clay dispersion [3, 7].
At the same time, the treatment of wine material with bentonite can cause an increase in the content of calcium and its compounds by 46...68 mg/dm3. Calcium compounds in reactions with tartaric acid form calcium tartrate (CaC4H4O6), which can cause crystal cloudiness. Therefore, wine materials should be treated with bentonite before cold processing.
When bentonite is used, the organoleptic characteristics of young white wines are improved, while those of aged wines are preserved. Red wine materials may slightly lose colour. The dose of bentonite is determined by trial treatment. The best option is the one that uses less bentonite and does not contain excessive protein. The recommended rate of bentonite use is in the range of 5...30 g/dal [8, 9]. 
To increase the efficiency of clarification, activated bentonite is used - chemically activated clays with basic properties that allow to reduce the level of acidity in wine through chemical interaction. In order to increase the adsorption capacity of bentonite, a 0.2 % sodium carbonate solution is used instead of water to prepare the suspension. The suspension is stored for no more than 5...6 days. A 5 % suspension of bentonite is fed into the wine material by constant stirring [3]. Alkaline activation is carried out by means of mechanochemical reactions with solutions of NaOH and Na2CO3 to increase the sodium content in bentonite clays and thus improve the above properties [10]. Accordingly, methods of modifying bentonite clays with acidic properties are also known. The reagents used were sulfuric acid, acetic acid (acid to clay ratio = 20, 40, and 60%), and a sulfuric-acetic mixture (1:1). Ordinary and modified bentonite clays are not only used in the food industry, but also for the purification of oil products [11]. In this work, we propose the use of ordinary and modified bentonite clay with agents with basic properties to clarify wine and, if necessary, reduce its acidity.
The aim of the research is to produce wine samples, clarify them by treating them with bentonite and activated bentonite, and study changes in the active and titratable acidity of the drink during the clarification process.
Research Results
Berries of the Isabella grape variety were used to make red wine, and Pocklington grapes were used for white wine. The berries were separated from the crests and from substandard and unripe berries, and mashed to obtain pulp. For red wine, the skins and seeds were not separated from the pulp; for white wine, the skins and seeds were separated. The pulp or juice was placed in containers so that the raw material occupied no more than 2/3 of the container capacity. The containers were closed with a water seal and left to ferment for a week. Next, for red wine, we separated the skins and berries, carefully poured the fermented wine material without sediment into clean containers, added sugar at the rate of 100 g per 1 litre of wine material, mixed, closed with a hydraulic seal and left for secondary fermentation for a month. The resulting wine was clarified and then poured into airtight containers and sent for storage in a cool place.
Wine clarification with bentonite was carried out at the rate of 3 g/dm3 of young wine. The bentonite was preliminarily prepared by soaking in a 5-fold volume of hot water (50...60 ᵒC) for 4 hours. After adding the bentonite suspension to the wine, it was stirred and settled.
The active and titratable acidity, organoleptic parameters were determined for the wine.
For clarification, bentonite clays were used - aluminosilicates, mainly montmorillonite (over 75 %) and beidellite, commercial and activated with alkaline properties.
The titratable acidity was determined by sampling the wine, followed by automatic titration with a 0.1 N NaOH solution using an Easy Pro Mettler Toledo automatic titrator.
The active acidity (pH) was determined by the potentiometric method using an automatic pH meter Mettler Toledo SevenCompact S220-Kit.
The organoleptic characteristics of red and white wine were determined by quality indicators based on the standard list of attributes (properties) that most fully cover the main quality characteristics of the product (DSTU 4806:2007 Wines).
Physicochemical parameters were determined for the wines obtained using the methods described above. The results of the study are presented in Table 1.



Table 1
Physical and chemical parameters of untreated wine material
	
	Red wine
	White wine

	Volume fraction of ethyl alcohol, %
	6.9
	7.5

	Content of titratable acids in terms of tartaric acid, g/dm3
	9.51
	12.0

	Active acidity (pH)
	3.55
	3.19

	Sugar content, g/dm3
	7.0
	8.5


The organoleptic characteristics of unprocessed wine material are determined in accordance with DSTU 7209:2011 Unprocessed grape wine materials. General technical conditions. The results of the study are presented in Table 2.
[bookmark: _Hlk193642793]Table 2
Органолептичні показники необробленого сухого виноматеріалу
	
	Red wine
	White wine

	Colour
	Intense red with various shades
	Light straw, homogeneous

	Aroma (bouquet)
	Varietal, well-defined with a strawberry note, without foreign tones
	Varietal, well-defined aroma of grape skins, without foreign tones

	Taste
	Clean, full, harmonious, without excessive astringency and off-flavours
	Clean, full, harmonious, without excessive astringency and off-flavours


Wine produced from white grapes contains a lower percentage of ethyl alcohol, has a higher titratable acidity (in terms of tartaric acid), lower active acidity and a higher content of unfermented sugars. The data indicate that in the case of must fermentation from white grapes, a greater amount of secondary fermentation products could be formed (initial grape sugar content of 17.2 %). In the case of red grapes (initial grape sugar content of 16.8 %), the titratable acidity is lower and the pH is higher.
Changes in titratable acidity of wine during the bentonite treatment process
Samples of white and red wine material were treated with conventional bentonite and modified bentonite in the amount of 3 g/dm3 of wine. The figures show the graph of changes in titratable acidity during the treatment with bentonite.
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[bookmark: _Hlk193798790]Fig.1. Titratable acidity in the process of clarification of red (a) and white (b) wine material with conventional bentonite and modified bentonite.
A decrease in titratable acidity in terms of tartaric acid was observed in both samples when using modified bentonite as a clarifier.
In all samples of red wine material, a significant decrease in acidity was observed in the first two days of the experiment, then, when using unmodified bentonite, the acidity increased almost to the initial value (9.01 g/dm3). When using modified bentonite, the titratable acidity of the wine material systematically decreases to a value of 8.51 g/dm3.
On the first day of clarification of white wine, a significant decrease in titratable acidity was observed, followed by its levelling almost to the initial value when using ordinary bentonite and its decrease to 11.03 g/dm3 from the sixth day when using modified bentonite.
Similar patterns were observed in the determination of active acidity.  Fig. 2 shows the value of active acidity at the beginning of the experiment and after 8 days.
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Fig.2. pH of red (a) and white (b) wine material on the first and eighth day of the clarification process.
As can be seen from the data, the active acidity of wine at the end of the experiment is higher in samples using ordinary bentonite and slightly increases when using modified bentonite.
Conclusions
White and red samples of wine material were obtained by fermentation of Pocklington and Isabella grape varieties, their physicochemical and organoleptic characteristics were determined. The wine material was treated with conventional and modified bentonites to clarify it. A significant decrease in acidity using common bentonite in red wine samples was observed in the first two days of the experiment, and then the titratable acidity increased almost to the original value (9.01 g/dm3). The titratable acidity with the use of modified bentonite systematically decreases to 8.51 g/dm3. In samples of white wine with ordinary bentonite, the titratable acidity decreases significantly on the first day, and then practically levels out to the initial value. When clarified with modified bentonite, the titratable acidity decreases from the sixth day to 11.03 g/dm3.
As a result of the analysis of the obtained dependencies, it is proposed to use modified bentonite samples in wine technology as those that, in combination with clarification, reduce the acidity of wine, which makes it possible to improve its organoleptic characteristics. This technological technique is a good solution for the development of Western Ukrainian viticulture and winemaking, as it makes it possible to solve the problem of high acidity of zoned grape varieties.


References 
[1]	Dziniak, B.O., Subtelnyi, R. O. (2016). Tekhnolohiia vyna. Elektronnyi navchalno-metodychnyi kompleks.  Lviv, vydavnytstvo NU «Lvivska politekhnika».
[2]	Ivanov, S.V., Domaretskyi, V.A., Prybylskyi, V.L. ta in. (2012). Innovatsiini tekhnolohii prodyktiv brodinnia i vynorobstva, Kyiv, NUKhT.
[3]	Pocock, K.F., Salazar, F.N., Waters, E.J. (2011) The effect of bentonite fining at different stages of white winemaking on protein stability. Aust. J. Grape Wine Res., 17, 280–284. DOI: 10.1111/j.1755-0238.2011.00123.x
[4]	Ubeda, C., Lambert-Royo, M. I., Gil, M., Barrio-Galán, R., Peña-Neira, A. (2021). Chemical, Physical, and Sensory Effects of the Use of Bentonite at Different Stages of the Production of Traditional Sparkling Wines. Foods, 10(2), 390. DOI: 10.3390/foods10020390.
[5]	Boistean, A., Chirsanova, A. (2020) The particularities of the clarification process with bentonite of white wine vinegar. Food systems, 3(1), 25-32. DOI:10.21323/2618-9771-2020-3-1-25-32
[6]	Marchal, R., Waters, E.J. (2010). New directions in stabilization, clarification and fining of white wines. Woodhead Publishing Series in Food Science, Technology and Nutrition, 188-225. DOI: https://doi.org/10.1533/9781845699987.1.188
[7]	Lambri, M., Dordoni, R., Silva, A.,  Faveri, D. M. (2012). Comparing the impact of bentonite addition for both must clarification and wine fining on the chemical profile of wine from Chambave Muscat grapes. International Journal of Food Science & Technology, 47 (1), 1– 12.
[8]	Sommer, S., Sommer, S. J., Gutierrez, M. (2022). Characterization of Different Bentonites and Their Properties as a Protein-Fining Agent in Wine. Beverages, 8(2), 31. DOI: https://doi.org/10.3390/beverages8020031
[9]	Sommer, S., Tondini, F. (2021). Sustainable Replacement Strategies for Bentonite in Wine Using Alternative Protein Fining Agents. Sustainability, 13(4), 1860. DOI: https://doi.org/10.3390/su13041860
[10]	Rosário, Jeane A., Silva, Laura A., G. Moura, Gabriel B., Gusatti, M, Lima,  Raquel B., Brys, Miguel E. P.,. Kuhnen, Nivaldo C., Riella, Humberto G. (2019). Influence of Alkaline Activation Over Swelling and Cation Exchange Capacity on Bentonites. Seventh International Latin American Conference on Powder Technology, November 08-10, Atibaia, SP, Brazil 1308-1313.
[11]	Aguilar, J., Almeida-Naranjo, C., Aldás, M. B., Guerrero, Víctor H. (2020). Acid activation of bentonite clay for recycled automotive oil purification. E3S Web of Conferences 191, 03002 REEE 2020 DOI:https://doi.org/10.1051/e3sconf/202019103002.







image2.png
10.5

Titratable acidity, g/dm3

S

‘White wine

0 2 4 6 8
Time, days
—e—Conventional bentonite —e—Modified bentonite

10




image3.png
Red wine

4.1
4
39

38
37
Ts6
35
' mlm
33

= Conventional bentonite 1 day = Conventional bentonite 8 days
= Modified bentonite 1 day = Modified bentonite 8 days




image4.png
‘White wine
35

3.4

33

jus}
(="
32
- . .
3

m Conventional bentonite 1 day m Conventional bentonite 8 days
= Modified bentonite 1 day = Modified bentonite 8 days




image1.png
Titratable acidity, g/dm3

Red wine

0 2 4 6 8
Time, days
—e—Conventional bentonite ~ —e—Modified bentonite

10




