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ENSURING THE STABILITY OF WHITE GRAPE WINES TASTE
CHARACTERISTICS WITH USE OF PRODUCTS BASED
ON POLYVINYLPOLYPYRROLIDONE

Abstract. The aim of the study was to establish the optimal modes of industrial forms application of PVPP
preparations (Polyclar 10, Polyclar VT and Polyclar V) for white wines treatment. The samples of oxidized white
grape wines were used to determine: the total content of phenolic substances and the relative optical density at a
wavelength of 420 nm. To establish the effect of the drugs on the wine materials, a three-factor quadratic regression
model of dependence of the content of phenolic substances on the dose of the preparation, temperature and time of
exposure was constructed for Polyclar 10, Polyclar VT and Polyclar V according to the data obtained. The result of
the regression analysis are the equations linking the content of phenolic substances in the product with time,
temperature and doses of injected preparations. The analysis of the obtained results allowed to establish, that the use
of preparations has a statistically significant effect on the decrease in the content of phenolic substances in wine
material;, an increase in the exposure time has a significant effect when extrapolating the obtained dependence by up
to 100 min; a decrease in the content of phenolic substances is achieved over the entire range of studied tempe-
ratures, and in order to achieve optimal results, the dosage of preparations should be reduced with temperature
increasing.

Key words: white grape wines, oxidative browning, condensed forms of phenolic compounds, polyvinylpoly-
pyrrolidone.

In countries with favorable climatic conditions, one of the leading sectors of agriculture is viticulture,
more than 80% of whose production is used to produce grape wines. In 2017, the world wine production
amounted to 246 million hl, while Russia ranks 12th with a volume of about 5 million hl [1].

A steady trend is the increase in the proportion of high-quality wines (reserve, branded, protected
geographical indications, etc.), to which they have special requirements for sensory characteristics [2-4]. If
a few decades ago, the consumer gave preference to aged wines, now, great interest is taken to light wines,
in particular white wines with pronounced aroma, delicate taste with no oxidation tones, associated with
the presence of condensed polyphenol forms [5-7]. In the process of wine production and storage, their
quality indicators may deteriorate [8, 9].

A similar challenge is in the brewing industry, where for many years preparations, based on
polyvinylpolypyrrolidone (PVPP) have been successfully used [10, 11]. There are preparations based on
PVPP of various degrees of polymerization, proposed for white wines treatment, however, recommen-
dations on the modes of their use are of a general nature [12, 13]. In addition, there are practically no
scientific data on the effect of their use effectiveness, depending on the dosage, treatment duration,
temperature and other factors.

In this regard, the purpose of this study was to find the optimal modes of PVPP preparations indus-
trial forms application for the white wine treatment.
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Studies, that previously were conducted at All-Russian Scientific Research Institute of Brewing,
Beverage and Wine Industry, showed high efficiency of preventive treatment of grape must with new-
generation preparations, based on PVPP (Polyclar 10, Polyclar V and Polyclar VT) in order to prevent
oxidation of wines phenolic compounds [14, 15]. Therefore, in the present work, studies of these prepa-
rations were continued. For each preparation, in accordance with the recommendations of the manu-
facturer, three doses for wine treating were selected (minimum, maximum and average); treating tem-
perature - 0 °C, 12.5 °C, 25 °C; treating time - 5 min; 27.5 minutes and 50 minutes.

In industrial samples of oxidized white grape wines, the total content of phenolic substances was
determined according to the methods, recommended by the International Organisation of Vine and Wine
(O1V), and the relative optical density at 420 nm using a photoelectric concentration colorimeter KFK-2.
The research results are presented in tables 1-3.

Table 1 — Temperature at 25 °C

Preparation Dose, g/dm3 Time, min Diag Total Phenolic Content, mg/dm3
Control - - 0.33 740
Temperature 25 °C
0.1 5 0.29 710
0.7 5 0.20 560
Polyclar 10 04 275 0.28 730
0.1 50 0.31 580
0.7 50 022 660
0.15 5 0.30 620
0.7 5 0.24 730
Polyclar VT 043 27.5 0.25 560
0.15 50 0.30 720
0.7 50 021 580
0.1 5 0.32 650
0.6 5 0.24 590
Polyclar V 0.35 27.5 0.26 580
0.1 50 0.33 640
0.6 50 0.23 590

Table 2 — Temperature at 12.5 °C

Preparation Dose, g/dm3 Time, min Do Total Phenolic Content, mg/dm3
Control - - 0.33 740
Temperature 12,5 °C
04 5 0.29 580
04 50 0.29 590
Polyclar 10
0.1 275 0.38 680
0.7 275 0.26 540
043 5 0.31 600
043 50 0.31 590
Polyclar VT
0.15 275 0.40 630
0.7 275 0.33 540
0.35 5 0.31 580
0.35 50 0.30 530
Polyclar V
0.1 275 0.40 650
0.6 275 0.29 520
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Table 3 — Temperature at 0 °C

Preparation Dose, g/dm? Time, min Do Total Phenolic Content, mg/dm?
Control - - 0.33 740
Temperature 0 °C
0.1 5 0.34 550
0.7 5 0.24 540
Polyclar 10 04 27.5 0.26 540
0.1 50 0.31 730
0.7 50 022 590
0.15 5 0.37 650
0.7 5 027 770
Polyclar VT 0.43 27.5 0.27 630
0.15 50 0.30 650
0.7 50 0.24 580
0.1 5 0.36 630
0.6 5 027 560
Polyclar V 0.35 27.5 0.26 600
0.1 50 0.30 560
0.6 50 023 660

Analysis of the results showed, that the total content of phenolic substances in the samples, treated
with the studied preparations, regularly decreases by 20-30%, compared with the control. The largest
decrease in this indicator was observed in samples, obtained at a temperature of 12.5 °C, the smallest - at a
temperature of 25 °C.

At the same time, when treating white grape wine at a temperature of 25 °C, the maximum decrease
in the relative optical density at a wavelength of 420 nm, which characterizes the presence of polymerized
phenolic compounds, was observed from 0.33 in control to 0.20-0.23 in test samples. And when treating at
a temperature of 12.5 °C, this indicator decreases minimally.

The treatment at the temperature of 25 °C turned out to be the most effective, as it allowed the color
to be corrected as much as possible, getting rid of oxidation tones, while retaining the fullness of taste of
the test samples.

Regarding the duration of experimental samples contact with preparations and the doses of these
preparations, the following pattern is noted here - the greatest effect was obtained when using the
maximum dose of preparations with the minimum contact time.

In order to study the preparations effect on wine materials, was constructed a three-factor quadratic
regression model [16] based on phenolic substances content on the dose of the preparation, temperature
and time of exposure for Polyclar 10, Polyclar VT and Polyclar V according to the obtained data.

The sample of white wine at the zero point of control contained 740 mg/dm3 of phenolic substances,
had a relative optical density indicator Dy, equal to 0.33. To construct the regression equations, were
taken working intervals of exposure equal to 5-50 min for time and 0-25 °C for temperature.

The obtained experimental data were processed by the methods of mathematical statistics to achieve
an acceptable level of significance [17-21], the uniformity of all experiments meets the Bartlett criterion
with a confidence probability of 0.9. In the construction of dependencies, control values for zero dosage
were also considered.

The result of the regression analysis are the equations, linking the content of phenolic substances in
the product with time, temperature and doses of injected preparations:

foono(d, t, T)=723-52,9d+3,13d"+1,841+0,15d1-0,034¢*-3,8T+0,12d7-0,06¢7+0,013dT+0,27%; (1)
foorvi(d, 1, 1)=735-28,22d+5,21d"-3,531-0,6d1+0,07-6,8 T-0,24dT+0,03¢T+0,24T"; )
foorv(d, 1, T)=721-72.2d+7 84d+1,51-0,284t-0,041-2,54T+0,03dT+0,02¢7+0,01d¢T+ 0,17, (3)
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where d — preparation dosage (g/dm’), £ — time (min), 7 — temperature (°C). The functions correspond to
the results for Polyclar 10, Polyclar VT and Polyclar V, respectively.

Due to the presence in the equations of three incoming factors, a visual interpretation of the resulting
dependencies is possible with the transition to a two-factor hyperplane with fixation of the third (figure 1).
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Figure 1 — The projection of the regression equation on the hyperplane with a fixed temperature parameter
(preparation - Polyclar 10; T =12 °C)

Analysis of the results and further study of the equations on the influence of incoming factors made it
possible to establish that:

- the preparations presence has a statistically significant effect on the reduction of phenolic substan-
ces content in wine materials. This is clearly demonstrated in figure 2;
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Figure 2 — Dependence of phenolic substances content on the preparation dosage
(temperature and time are fixed: t = 50 min, T = 12 °C)
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- an increase in the exposure time has a significant effect when extrapolating the obtained dependence
for a range up to 100 min;

- a decrease of phenolic substances content is achieved over the entire range of studied temperatures,
while in order to achieve optimal results, with increasing temperature, the preparations dosage should be
reduced;

- statistically, it is possible to distinguish the preparation Polyclar V as the most effective.

Recommended in terms of built regression models dosage regimes, exposure time at room tem-
perature (20 °C) for all preparations: Polyclar 10 - dose 3.2 g/dm’, time 70 min; Polyclar VT - dose of
4.6 g/dm’, time 25 min; Polyclar V - dose of 4.6 g/dm’, time 25 min. The order and factors of influence
can be varied in dependence of production needs, using data of the obtained equations.

Using the equations, the optimum temperature for wine materials treatment was calculated for the
manufacturer’s recommended minimum and maximum dosages for each of the preparation, as well as the
recommended treating time for wine materials - 5 minutes. The calculated range of optimal treating
temperatures was varied within fairly wide limits, from 6.6 to 17.2 °C. The technological requirements for
the production premises of wineries consist in the creation of certain temperatures, humidity, etc. The
temperature of the production premises depends on its functional purpose and type of wine. An important
technological requirement is the constancy of temperature, temperature fluctuations are disrupting the
normal course of wine materials clarification, and they adversely affect on the wine ripening. It is obvious,
that for industry enterprises the wines treatment at calculated temperatures is not advisable.

In rooms, intended for wines aging and treatment, the temperature is maintained at 8-10 °C and does
not allow it to rise above 15 °C. In the ground premises in the summer period, the wine is kept at a tempe-
rature of 16-20 °C. Therefore, using the obtained equations, optimal doses of preparations were calculated
at a treatment temperature of 12 and 20 °C, as well as treatment times of 5, 30 and 60 minutes. The
obtained calculated data are presented in table 4.

Table 4 — Recommended dosage and treatment time

Preparation Temperature, °C Time, min Dose, g/dm?
5 7.00
12 30 6.60
Polyclar 10 00 >-10
5 7.00
20 30 6.00
60 3.95
5 4.6
12 30 48
Polyclar V 60 5.1
5 3.45
20 30 4.88
60 6.00
5 32
12 30 47
60 6.0
Polyclar VT
5 4.50
20 30 4.66
60 4.75

Studies have shown that the treatment of white grape wines with new generation products based on
PVPP is effective for eliminating oxidative browning, as it helps to reduce the content of condensed forms
of phenolic substances and allows you to get rid of oxidation tones in taste. Treatment of experimental
data using mathematical statistics allows choose the optimal modes of wine treatment, depending on the
physicochemical indicators of a particular wine, as well as the capabilities and needs of a particular
production.
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'Bykinpeceiinik chipa KaiHATY, aIKOTOMBCI3 HKOHE MIAPAT OHEPKICIOi FHITBIMU-3CPTTCY HHCTHTYThI —
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MBIII-FA HETT3EJITEH IPENAPATTAPALIH KOMETTMEH AK 7KY3IM IIAPATITAPLIHEIH
JTOM/IK KACHETTEPIHIH TYPAKTBLIBIFEIH KAMTAMACEI3 ETY

AHHOTAIHSI. 3epTTEYIiH MakKcaThl aK miapanrapzasl eHzaeyre apHamran [IBIIIl mpemapatrapembmr (ITomm-
knap 10, [Nomukmap BT u [Nomukmap B) eHepkocinTik TyplaepiH KOIJAHYIBIH OHTAWIBI PESKUMICPIH Kypy OOIbII
TaOb1aabl. TOTHIKKAH aK KY3IM IMAPATBIHBIH YATUICPIHEH KENEeCl KOPCETKIMTEP aHBIKTANIBL (DEHONIBIK 3aTTaPIbIH
sKanmmel Memmepi xoHe 420 HM TOJNKBIH Y3bIHABIFBIHIAFHI CATBICTHIPMAIbI ONTHKAIBIK THIFBI3ABIK. [Ipenaparrapasix
Iaparn MaTepPHAIIAPBIHA SCEPIH AHBIKTAY YINIH (PEHOIIBIK 3aTTApABIH KYPAMBIHBIH MPEHAPATTHIH J03aCHIHA TOYEI-
JIUTIT], TEMIIEPATyPachkl MCH YaKbIThIHA OaHIaHBICTHI YII (pakTopisl perpeccusutblk Mozenm Iomukmap 10, Iomukmap
BT sxone [lomukmap yImiH KypacThIpbUFaH. PerpecCHsIbIK TanmayablH HOTIDKECI - OHIMACTI (DEHOIIBIK 3aTTap-
JBIH YaKbITBIH, TEMIICPATYPAChIH KOHE CHTI3UICTIH NMPEnapaTTapAblH J03a7apblH OaHIaHBICTHIPATHIH TEHICYJIEP.
AJBIHFaH HOTIDKEJCPAL Tanaay NpEeImeparTapabl KOIaHy ()eHOIIBI 3aTTapAbIH KYPAMBIHAA INAPAI MATEPHAIBIHBIH
A3ar0BIHA CTATUCTHUKABIK MAHBI3IBI OCEP CTETIHIH AHBIKTAYFAa MYMKIHIIK Oep/i; 3KCIO3ZHIMMS YAKBITBIHBIH YIIFAFObI
anpIHFaH ToyenaimikTi 100 MUHYTKA JeHiH SKCTpanoSIIsUIIay Ke3iHae anTapibIkTail acep ereni; (PeHOIIBIK 3aTTap-
JIBIH KYPaMbIHBIH TOMCHCY1 3EPTTEITCH TEMIEPATyPaTapAblH OYKUT ayKbIMBIHAA KOJI XKETKIZLIC] JKOHE OHTAIIBI
HOTHJKEIEPre KO JKETKI3y YIIIH MPEHapaTThiH JO3aChIH KOFapbUIATy KEPEK.

Tyiiin ce3mep: aK >Ky3iM mapadbl, TOTHIKTHIPYHIBI KbI3Apy; (PEHONIBIK KOCHLIBICTAPIBIH KOHICHCHPICHTCH
(hopManapsr; MOTMBHHUIIIOIUITHPPOTHAOH.
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OBECHHEYEHME CTABUJIBHOCTH BKYCOBbBIX XAPAKTEPUCTHK
BEJBbIX BUHOI'PAJJHBIX BUH C HIOMOIIBIO ITIPENNAPATOB HA OCHOBE IIBIIII

Annortamus. Llenpio nccneaoBaHus SBUJIOCh YCTAHOBJICHHE ONTHMAIBHBIX PEKHUMOB IPHMCHEHHS TMPOMBIIII-
nerabIX (popm mpenmaparos ITBIIIT (TTonmkmap 10, [omknap BT u [oxmknap B) mmst o6padotku 6enbix BuH. B 00-
pa3max OKUCICHHBIX OCJBIX BHHOTPAJHBIX BUH ONPEACILIIN: 00IIee CoAepKannue (PEHOTbHBIX BEIIECTB U IMTOKA3ATEIb
OTHOCHUTEIbHOM ONTHYECKOW IUIOTHOCTU NMpU JAuHE BOMHBI 420 HM. [I11 yCTAHOBICHHS BIMSHHS BO3ACHCTBUSA
MPEnapaToB Ha BHHOMATEPHAN IO IMOJy4YCHHBIM AaHHBIM 171 [lommkmap 10, ITomwknap BT u Ilomknap B 6puma
MOCTpOcHA TpeX(haKTOPHASI KBAJAPATUYHAS PETPECCHOHHAS MOJCIb 3aBUCHMOCTH COACPKAHUS (PEHOIBHBIX BEIICCTB
OT J03BI MpEemapara, TEMIECPATyPbl U BPEMEHH 3KCHO3HLIMH. Pe3yabTaTOM PErpeCCHOHHOTO AHANM3A CTAH yPaB-
HEHMS, CBA3BIBAIONINE COACPKAHUEC (DCHOJBHBIX BEHICCTB B MPOJYKTE CO BPEMEHEM, TEMIIEPATYPOH M J03aMH BBO-
JUMBIX IPETAPaTOB. AHAIM3 IOJYYCHHBIX PE3YJIbTATOB MO3BOJHI YCTAHOBHTbH, YTO HCIOIB30BAHHC ITPETIAPATOB
OKa3bIBACT CTATHCTHYCCKU 3HAUMMOC BIIMSHHC HA CHIDKCHHC CONCPXKAHUS (DEHONBHBIX BEINECTB B BHHOMATEPHAIE,
VBEIMYCHHUE BPEMCHH SKCIOZUIIMH MMEET 3HAYUMBIA 3Q(EKT mpu IKCTPANOIAIUH MOIYyYECHHOH 3aBUCHMOCTH HA
auanazoH 10 100 MuH; CHIDKEHHE COACPKaHUS ()CHOIBHBIX BEIICCTB JOCTHTACTCSA HA BCEM JHATIA30HE HCCIICIY EMBIX
TEMIEPATyP, NPH 3TOM I AOCTIDKCHHS ONTHMANBHBIX PE3YJIbTATOB, MPH MOBBINICHUM TEMIEPATYPHI CACAYET
CHIDKATh JO3HPOBKY IPEHApaToB.

Kimouenbie c/ioBa: Ocible BHHOTPAIHBIC BUHA, OKUCIHTEILHOE OKOPUIHECBECHIC, KOHACHCHPOBAHHBIC (DOPMBI
(peHOITPHBIX COCMHCHUH; TTOIMBHHIIIIOIHITHPPOIHIOH.
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