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Wine pomace contains high amounts of bioactive compounds, mainly polyphenols, with varying concentrations
depending on multiple factors. This research aimed to determine differences in the content of polyphenols and
antioxidant activity of the wine raw materials and pomace of Japanese quince (‘Rasa’), aronia (seedlings), and grape
(‘Hasansky Sladky’) and between harvest years (2021, 2022), as well as between fruits and pomace. Pomace from
aronia and Japanese quince was obtained after maceration for 5 and 7 days, respectively, while grape pomace was
collected on the day of harvest. The polyphenol content of fruits and pomace varied significantly between harvest
years. Aronia had the highest total polyphenol content in fruits (989 mg GAE 100 g*) and pomace (1022 mg GAE
100 g'1), followed by Japanese quince (625 and 722 mg GAE 100 g*) and grapes (390 and 481 mg GAE 100 g). Aro-
nia fruits and pomace had higher antioxidant activity. Compared to the fruits, aronia pomace had less chlorogenic
acid and neochlorogenic acid. Flavanols were the main polyphenols in the Japanese quince, showing lower con-
tent in the pomace when compared to fruits, except catechin content was higher. The content of anthocyanins and
flavonols was higher in the rosé wine pomace than in the fruits of grapes.
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Introduction

In recent years, the number of wine producers in Estonia has significantly increased, with both white and red
wines being produced. Since December 2nd, 2021, Estonia has belonged to the northernmost wine-growing
zone A of the European Union, allowing the production of wine from grapes under EU requirements and regula-
tions (Maaeluministeerium 2022). There are 15 wine grape cultivars commonly found in commercial vineyards in
Estonia, and the white wine cultivar ‘Solaris’ (Vitis vinifera) is the most cultivated. Red and rosé wines are main-
ly produced from the cultivars ‘Rondo’, ‘Regent’, and ‘Zilga’. Japanese quince (Chaenomeles japonica) and aronia
(Aronia melanocarpa) have also become very popular as raw materials for fruit wine. However, with the increasing
production of fruit and berry wines and grape wines, increased production residues occur. The main residue of
wine production is the pomace from the juice pressing. To find adequate and sustainable uses for pomace, it is
important to investigate its content of bioactive compounds.

The biochemical content of grapes varies between cultivars, and berries containing higher polyphenols also
exhibit increased antioxidant activity (Yang et al. 2009, Maante-Kuljus et al. 2020). Grape berry morphology can be
divided into three zones: the peripheral zone (skin of the berry), the intermediate zone (flesh), and the central zone
(seed). The chemical composition of tissues in all these zones is variable, influencing the final quality of grapes
and products made from grapes. Pomace from the wine industry consists of berry skins and seeds, which serve
as potential sources of bioactive polyphenolic compounds (Peixoto et al. 2018). Seeds exhibit the highest content
of phenolic compounds and antioxidant activity, while skins contain the highest levels of anthocyanins (Peixoto
et al. 2018, Guaita et al. 2023). The presence of these compounds varies depending on the grape cultivar (Negro
et al. 2021, Guaita et al. 2023). The phenolic profile differs between white and red cultivars; white grape pom-
aces show the predominance of flavan-3-ols, while anthocyanins predominate in red pomaces (Abouelenein et
al. 2023). In red wine V. vinifera cultivars, malvidin-3-O-glucoside is the major anthocyanin, accounting for more
than 32% in V. vinifera and 22% in hybrid cultivars (Fraige et al. 2014).
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Aronia, or chokeberry, is known as a rich source of anthocyanins and phenolic acids, and its fruits have long been
used as a common raw material for the production of red fruit wines. The chemical composition of its fruits and
juice distinguishes it from other berries due to its high content of polyphenols and antioxidant activity compared
to raspberry, bramble, and strawberry (Jakobek et al. 2007). The polyphenolic composition of fruits depends on
the cultivation area (Denev et al. 2018) and fertilization (Jeppsson 2000). Peels contain the majority of anthocya-
nins (73% of the total amount in the fruit), while the flesh contains most of the phenolic acids (78%) (Kaloudi et
al. 2022). Proanthocyanidins are distributed as follows: 70% are in the flesh, 25% in the skin, and 5% in the seeds
(Mayer-Miebach et al. 2012). The main polyphenolic compounds in juices in descending order are: anthocyanins
> procyanidin polymers > phenolic acids > flavonols > flavan-3-ols > flavanone (Oszmianski and Lachowicz 2016).
At the same time, it was found that the chemical composition of the juice is affected by the previous processing
treatment. Pressing previously crushed fruits results in a higher content of polyphenols (70%) in juices compared
to pressing whole fruits (30%). Aronia pomace, a by-product of the juice industry, is rich in anthocyanins and oth-
er bioactive components. The content of polyphenols and antioxidant activity is higher in the press residue from
aronia juice production than in the juice and berries themselves (Oszmianski and Wojdylo 2005). Antioxidant ac-
tivity, measured in Trolox equivalents showed the results in descending order: pomace > fruit > juice. Four mono-
glycosylated anthocyanins were identified in aronia pomace extract in the following proportions: cyanidin-3-O-ga-
lactoside (62%), cyanidin-3-O-glucoside (4%), cyanidin-3-O-arabinoside (30%), and cyanidin-3-O-xyloside (5%)
(Roda-Serrat et al. 2022). The migration of anthocyanins from fruit skin to juice is primarily determined by skin
damage. Appropriate crushing before pressing causes damage to cell walls, and thus facilitates the migration of
fruit components to the pressed juice. In addition to the above, total anthocyanin levels in pomace were affected
by enzyme treatment, followed by maceration temperature (Vagiri and Jensen 2017).

The cultivation of Japanese quince is particularly popular in the Baltic countries, Finland, Sweden, and Poland (Rum-
punen 2002, Kaufmane et al. 2021). High acidity and antioxidant capacity are notable features of quince fruits, at-
tributed to their elevated levels of vitamin C and phenolic compounds (Ros-Carcia et al. 2004). On average, culti-
vars contain 57-90 mg% of vitamin C and 422-550 mg% of phenolic compounds (Kaufmane and Ruisa 2020). Due
to the high content of bioactive compounds, fruits, leaves, seeds, and pomace are valuable and have many po-
tential possibilities of use in the food, cosmetic, and pharmaceutical industries (UrbanavicitGté and Viskelis 2022).
The content of bioactive compounds in seeds and pomace is higher than in pulp; therefore, there is also increased
interest in using pomace. The oil content, fatty acid profile, and concentration of bioactive compounds in seeds
remain stable during the last month of fruit development (Misina et al. 2020). Winemaking by-product contains
up to 42 g 100 g* seeds of its dry weight and has a high added value as a source of oil and protein (Ben-Othman
et al. 2023). The fruit peel and pulp have been used for the extraction, and such extracts are reported for their
antioxidant and antimicrobial activities (Urbanavicitte et al. 2020).

Research hypothesis: the content of phenolic compounds and antioxidant activity of aronia, grape, and Japanese
quince wine raw materials and pomace depends on the species and harvest year. This research aimed to determine
differences in the content of polyphenols and antioxidant activity between the wine raw materials and between the
wine pomace of Japanese quince (cv. ‘Rasa’), aronia (seedlings), and grape (cv. ‘Hasansky Sladky’) and between the
harvest years (2021, 2022). Additionally, differences were examined between fruits and their respective pomace.

Material and methods
Fruit and pomace samples

Fruit samples for analysis were collected in 2021 and 2022 on the day of harvest in three replicates, with each
replicate weighing 400 g. Grape samples were collected from different parts of the basal clusters. Aronia and Jap-
anese quince samples were taken from both sides of the bush. Before the analyses, the seeds of grapes and Jap-
anese quince were separated from the fruits manually.

‘Hasansky Sladky’ is a hybrid wine grape cultivar that was bred by crossing the cultivar ‘Dalnevostochnyi Tikhon-
ova’ (Vitis vinifera x Vitis amurensis) with Vitis amurensis. The berries are dark-skinned. The fruits of ‘Hasansky
Sladky’ were de-stemmed with a destemmer, and the juice was immediately pressed. On the harvest day in both
years, the soluble solids content of the juice was 20 °Brix. The yeast Bioferm Aromatic (Saccharomyces cerevisiae
var. cerevisiae, Brouwland, Bewerlo, Belgium) was used (dose 2—3 g 10 I'*), which can reduce the malic acid con-
tent by 30%. When making wine from the harvest of aronia seedlings, the stems were separated from the fruits
and crushed with a destemmer. Wine yeast (S. cerevisiae, EnartisFerm Red Fruit, Enartis S.r.l., San Martino, Italy)
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was added (dose 20—40 g hl?), and left to ferment for five days, then the juice was pressed. On the harvesting day,
the soluble solids content of the juice was 16 °Brix in both years.

The fruits of the Japanese quince cultivar ‘Rasa’ were crushed (centrifugal mill RM1.5, Voran Maschinen GMBH,
Austria), and pectolytic enzyme (EnartisZym 1000 S, Enartis S.r.l., San Martino, Italy) and yeast (S. cerevisiae,
EnartisFerm Aroma White, Enartis S.r.l., San Martino, Italy) were added (dose 20-40 g hl). The soluble solids con-
tent of the juice was 6 °Brix in both years. The mixture was macerated for seven days before pressing. For all wines,
fermentation took place at a temperature of 18 to 20 °C, with stirring several times every day.

All treatments were pressed with a 20 | stainless water pressure press. Wine pomace of aronia and Japanese
quince were obtained after the end of maceration and grape pomace was collected during the harvest day after
pressing. Pomaces were collected in three replicates and one replicate contained 500 g of pomace. Samples were
stored at —18 °C in vacuum packages until further processing. Before the analyses, the seeds of grape and Japa-
nese quince pomaces were separated manually.

Chemical analyses

The total phenolic content (TPC) was determined by applying the Folin-Ciocalteu (FC) phenol reagent method
(Song et al. 2010). Briefly, the following concentrations of the gallic acid (GA) standards were prepared: 50, 150,
250, 350, and 400 pg ml™. For the calibration, 0.4 ml of each standard was pipetted into a 4 ml spectrophotometer
cuvette, to which 2.0 ml of FC reagent (0.2 N) was added, and after 5 min 1.6 ml of Na,CO, (75 g I*) was added
and the samples were incubated for 60 min in the dark at room temperature. The measurement procedure for
the samples was the same as for the standard calibration described previously. The absorbance values of the sam-
ples were measured at 760 nm using a spectrophotometer (UV-1800, Shimadzu, Kyoto, Japan). The results were
expressed in mg of gallic acid equivalents per 100 g of fresh weight (mg GAE 100 g FW). All chemicals used were
of laboratory grade and purchased from Sigma (Steinheim am Albuch, Germany).

The antioxidant activity (AA) measurements were performed in triplicate using a 2.2-diphenyl-picrylhydrazyl (DPPH)
assay with slight modifications (Brand-Williams et al. 1995). In brief, the following concentrations of the ascor-
bic acid standard were prepared: 0.125, 0.100, 0.0625, 0.050, and 0.025 mg ml™. For the measurement, 0.1 ml of
each standard was pipetted into a 4 ml spectrophotometer cuvette, to which 3.7 ml of DPPH radical was added.
The samples were incubated for 60 min in the dark at room temperature. The procedure for analysis of the sample
extracts was the same as for the standard calibration described previously. The absorbance values of the samples
were measured at 515 nm using a spectrophotometer (UV-1800, Shimadzu, Japan). The results were expressed
in mg of ascorbic acid equivalent (AAE) per 100 g of fresh weight (mg AAE 100 g* FW). All chemicals used were of
laboratory grade and purchased from Sigma (Steinheim am Albuch, Germany).

The determination of the most abundant polyphenols and polyphenol profiling was performed using Shimadzu
Nexera X2 UHPLC coupled with mass spectrometer LCMS 8040 (Shimadzu Scientific Instruments, Kyoto, Japan), as
described in Ben-Othman et al. (2021). Individual phenolic compounds were identified by comparing the reten-
tion times, UV spectra, and parent and daughter ion masses with those of the standard compounds. The standard
compounds of chlorogenic acid, neochlorogenic acid, cyanidin-3-galactoside, cyanidin-3-glucoside, delphinidin-
3-galactoside, delphinidin-3-glucoside, malvidin, malvidin-3-glucoside, peonidin-3-glucoside, catechin, epicatechin,
procyanidin B2, procyanidin C1, kaempferol-3-glucoside, quercetin, quercetin-3-galactoside, quercetin-3-glucoside,
and rutin were laboratory grade and purchased from Sigma (Steinheim am Albuch, Germany). The results were
expressed in mg per 100 g of fresh weight (mg 100 g* FW).

Weather conditions

According to the Heliothermal Index, Estonia is located in a very cool, and in some years, it is considered a cool re-
gion (Maante-Kuljus et al. 2019). In both experimental years, the cooler months were May and September, during
which night frosts also occurred (Fig. 1). The summer months differed in terms of temperature and rainfall in both
experimental years. In 2021, the warmest months were June and July, with average air temperatures of 20 °C and
22 °C, respectively. In 2022, the warmest month was August, with a monthly average air temperature of 20 °C. In
2021, May and August were rainy months, but there was very little precipitation in June and July (Fig. 2). The fol-
lowing year, precipitation was more evenly distributed, with September being the driest month.
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Fig. 1. Monthly average air temperature (°C) compared to the average of many years (1991-2020)
from May to September 2021 and 2022 in South Estonia.
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Fig. 2. Monthly total precipitation (mm) and many years average (1991—-2020) from May to
September in 2021 and 2022 in South Estonia.

Statistical analysis

The results in the figures and the table were represented as the means of three replicates. Analysis of variance
(ANOVA) was performed to evaluate the existence of differences between harvest years (2021, 2022) and species
(aronia, Japanese quince, grape), as well as between fruits and pomace. Results between the two years (in Figs. 3 -6)
and between fruit and pomace (Table 1) were analyzed by one-way ANOVA. Comparison of means was done by
using Fisher’s Least Significant Difference (LSD) test to confirm the statistically significant differences between the
years and between the fruits and pomace. To confirm the significant differences between the species, the average
results were analyzed by two-way ANOVA. Different letters in the figures and table show statistically significant
differences (*p< 0.05; **p< 0.01; ***p< 0.001).

Results
Total phenolic content

The TPC of aronia differed between experimental years, which had 1076 mg GAE 100 g in 2021 and 902 mg GAE
100 gtin 2022 (Fig. 3), respectively. Similarly, the effect of the year was significant in the case of Japanese quince
with contents of 773 and 478 mg GAE 100 g'in 2021 and 2022, respectively. For grapes, the TPC was 407 mg GAE
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100 g'in 2021 and 373 mg GAE 100 g!in 2022, and the difference between the two harvest years was signifi-
cant. Comparing the averages of the two years revealed that aronia was the richest in TPC, while grapes had the
lowest content.
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Fig. 3. Effect of harvest year and species on fruits’ total phenolic content (mg GAE
100 g*). Different letters on the bars show statistically significant differences
(**p< 0.01; ***p< 0.001).

The TPC in the aronia wine pomace was different between experimental years, which had 748 mg GAE 100 g in
2021 and 1297 mg GAE 100 g in 2022 (Fig. 4). Similarly, the effect of the year was significant in the case of Japa-
nese quince, with contents of 898 and 547 mg GAE 100 g'in 2021 and 2022, respectively. The TPC in the grape
rosé wine pomace was in both years at 477 and 485 mg GAE 100 g, with no significant effect of harvest year on
TPC. The results of the analysis of wine raw materials showed that the highest TPC was determined in aronia wine
pomace, followed by Japanese quince, and finally grape pomace.
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Fig. 4. Effect of harvest year and species on wine pomace’s total phenolic content
(mg GAE 100 g?). Different letters on the bars show statistically significant differences
(**p< 0.01; ***p< 0.001).

Antioxidant activity

The AA varied across the experimental years, being 631 and 584 mg AAE 100 g for aronia fruits, 342 and 282 mg
AAE 100 g for Japanese quince fruits, with significantly lower AA observed in 2022 (Fig. 5). In the case of grapes,
the results also differed depending on the year (250 and 331 mg AAE 100 g, respectively), but significantly higher
values were obtained in 2022. When averaged over the experimental years, aronia had the highest AA, followed
by Japanese quince and then grapes.
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Fig. 5. Effect of harvest year and species on the fruit’s antioxidant activity (mg AAE 100
g?). Different letters on the bars show statistically significant differences (**p< 0.01;
***p< 0.001).

The pomace AA varied significantly between experimental years (Fig. 6). Aronia and Japanese quince had higher
AAin 2021. The pomace of the rosé wine had higher AA in 2022 (331 mg AAE 100g™) compared to 2021 (250 mg
100 g?). There were also significant differences in the average of years; pomace from aronia wine had the highest
AA, followed by Japanese quince, while grapes had the lowest values.
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Fig. 6. Effect of harvest year and species on the pomace’s antioxidant activity (mg
AAE 100 g?). Different letters on the bars show statistically significant differences
(**p< 0.01; ***p< 0.001).

Profile of polyphenols

The content of individual polyphenolic compounds differed in fruit compared to pomace (Table 1). Aronia wine
pomace had a lower content of phenolic acids compared to the fruit, with chlorogenic acid being 51% and neo-
chlorogenic acid 46% lower. The most abundant anthocyanidin determined in aronia fruit and wine pomace was
cyanidin-3-galactoside, which was less in the pomace. However, the content of flavanols and flavonols in the pom-
ace was higher, with only the content of rutin being lower. In the case of Japanese quince, the main polyphenols
were flavanols, and the content of most of them was lower in the pomace, with only the content of catechin being
higher. The content of anthocyanins and flavonols was higher in the rosé wine pomace compared to the grapes.
However, the content of flavanols in the pomace was significantly lower.
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Table 1. The most abundant polyphenols (mg 100g™* FW) in the fruits, and wine pomace of aronia, Japanese quince, and
grape. Different letters in the same row between fruit and pomace represent statistically significant differences at p< 0.05.

Polyphenols mg 100g FW Aronia Japanese quince Grape

Fruit Pomace Fruit Pomace Fruit Pomace
Phenolic acids
Chlorogenic acid 281.42a 145.33b 18.83b 26.01a nd nd
Neochlorogenic acid 85.71a 40.09b nd 0.12 nd nd
Anthocyanins
Cyanidin-3-galactoside 287.32a 267.50b nd 0.15 nd nd
Cyanidin-3-glucoside nd nd nd nd 1.84b 4.71a
Delphinidin-3-galactoside 13.36b 17.26a 0.22b 0.38a 0.43b 1.28a
Delphinidin-3-glucoside 9.77b 11.14a 0.21b 0.95a 4.67b 14.66a
Malvidin 0.18a 0.10b nd nd 0.42b 0.99a
Malvidin-3-glucoside nd 0.12 nd nd 22.10b 49.00a
Peonidin-3-glucoside 0.02b 0.13a nd nd 9.74b 23.64a
Flavanols
Catechin 0.19a 0.20a 1.82b 2.15a 5.24a 1.84b
Epicatechin 1.00a 0.98a 85.64a 78.85b 2.30a 0.47b
Procyanidin B2 2.66a 2.35a 137.22a 122.22b 2.72a 0.48b
Procyanidin C1 31.14a 27.42a 1119.70a 1019.40b  20.46 nd
Flavonols
Kaempferol-3-glucoside 0.13a 0.17a 0.03b 0.08a 0.26b 1.01a
Quercetin 0.90b 5.22a nd 0.38 nd 0.19
Quercetin-3-galactoside 2.98b 3.85a 0.05b 0.10a 0.11b 0.31a
Quercetin-3-glucoside 3.30a 3.62a 0.11b 0.33a 1.76b 5.26a
Rutin 7.33a 6.75b 0.29a 0.25a 0.03b 0.06a
nd = not detected

Discussion

The TPC and AA of aronia, Japanese quince, and grape as wine raw materials were significantly different. These
differences may be explained by the different structures and morphological parameters (for example, fruit size,
shape, the proportion of skin and pulp, skin thickness, etc.) of the fruits, as well as the localization of chemical
compounds in different parts of the fruit. Additionally, variations were observed between harvest years. In 2021,
the warmest months were June and July, coinciding with the beginning of fruit development, when the tempera-
tures were 20 and 22 °C, respectively. Additionally, relatively low precipitation levels (45 mm and 15 mm, respec-
tively) during those two months may have caused additional stress to the plants. In contrast, in 2022, the warmest
month was August, corresponding to the time of fruit expansion and ripening, with a monthly average tempera-
ture of 20 °C. The amount of precipitation varied significantly throughout the period from May to September in
both experimental years. The difference between the test fruits could also be related to unequal light conditions
in the canopy. The leaves had been removed around the grape clusters at the beginning of berry veraison; there-
fore, the warmer and drier weather conditions in August and September may have had a greater effect. Similarly,
we have previously described a strong positive correlation between the content of polyphenols and radiation flux
in August during grape veraison in one of our previous studies (Maante-Kuljus et al. 2020). For Japanese quince
and aronia, the fruits are located in partial shade caused by the leaves, leading to different effects of weather
conditions on their development.

The polyphenolic composition of pomace significantly depends on the characteristics of the raw material
species, the year of harvest, and the extraction process during the winemaking process. While it is widely known
that only the skins of grape berries contain significant amounts of polyphenols, aronia, and Japanese quince also
have a significant quantity of polyphenols in the pulp. Therefore, it could be assumed that the previous processing
of the raw material before fermentation had an effect. Grapes are typically crushed with a destemmer, but there

243



R. Ratsep et al.

are different options for preparing the raw material of Japanese quince and aronia. Both a destemmer and a
crusher can be used for aronia, but fruits of Japanese quince require crushing before fermentation. The intensity
of crushing and the particle size of the skins and fruit flesh are important factors in terms of extraction efficiency.
Similarly, Cuji¢ et al. (2016) demonstrated the improvement of polyphenol extraction from dried aronia fruits as
the particle size decreased.

Winemaking technologies have a significant effect on the wine and pomace polyphenol content, as reported by
Ghanem et al. (2019) and Zhao et al. (2024). Different methods are used to make wine from grapes. For instance,
in the case of making rosé wine, fermentation occurs using only pure juice, with no fermentation with the skins.
However, in the case of red wines, fermentation takes place with the skins, resulting in more polyphenols being
released into the wine. As a result, the skins from fermented red wine grape pomace lose a significant quantity of
phenolic compounds during the maceration process. Thus, it can be concluded that pomace from wine produc-
tion has a very different polyphenolic composition.

Polyphenols, as significant antioxidants, exert an influence on AA (Glindesli et al. 2019, Wojtunik-Kulesza et al.
2020). In addition to the TPC, the AA is also influenced by the profile of polyphenols (Lingua et al. 2016). Therefore,
fruits with the highest content of polyphenols may not always have the highest AA. Furthermore, there are other
antioxidants present in fruits and berries, such as vitamin C, that also affect the AA. In the case of Japanese quince
fruits, the high acidity and antioxidant capacity were influenced by the high content of vitamin C and phenolic com-
pounds (Ros et al. 2004). Some studies suggest that anthocyanins exhibit higher AA than vitamins C or E, with a
linear relationship reported between AA and anthocyanin content in some fruits (Castafieda-Ovando et al. 2009).

The composition profiles of polyphenols were qualitatively and quantitatively different between the fruits of
aronia, Japanese quince, grape, and their pomaces. Most research on aronia and Japanese quince has focused on
pomace from juicing. Studies have shown that pomace from aronia juice production has a higher content of phe-
nolics than the juice and fruits alone (Oszmianski and Wojdylo 2005), and similar results have been obtained with
Japanese quince (Urbanavicitteé et al. 2020). Juicing is a rapid process that releases only a fraction of the biologically
active compounds from the fruit, leaving most of them still in the pomace, especially in the case of dense fruit skin
and flesh. Therefore, fermentation with crushed fruits may cause a reduction of polyphenols in the pomace. The
release of polyphenols from fruits is also influenced by the alcohol produced during fermentation. Experimental
results have shown that this tendency depends on the culture and different polyphenols. For example, in aronia
pomace, the contents of phenolic acids and the main anthocyanin, cyanidin-3-galactoside, were lower. Similarly,
the content of epicatechin, procyanidin B2, and procyanidin C1 in Japanese quince pomace was significantly re-
duced compared to the fruit. However, the content of total anthocyanins and various anthocyanidins was signifi-
cantly higher in grape pomace, where there was no fermentation on the skins. In addition to the above, the release
of polyphenols could be affected by their different locations depending on the fruit’s structure, as polyphenols
exist inside the cells. The morphology and composition of skin cell walls differ from pulp cell walls. For example,
Japanese quince has dense and hard pulp, while aronia has softer fruits, leading to differences in the release of
polyphenols. Aronia fruit polyphenols are distributed in different parts of the fruit (Mayer-Miebach et al. 2012),
whereas, in grapes, the skins contain the highest levels of polyphenols, primarily anthocyanins (Peixoto et al. 2018).
While the experiment focused on one cultivar for each fruit, it is important to consider the influence of the cul-
tivar on biochemical characteristics. For instance, the experimental hybrid grape cultivar ‘Hasansky Sladky’ has a
significantly lower content of polyphenols and anthocyanins than the cultivar ‘Rondo’ (Maante-Kuljus et al. 2020).
The experimental results were obtained with the Japanese quince cultivar ‘Rasa’, in which the total content of pro-
anthocyanidins differed significantly from cultivars ‘Rondo’ and ‘Darius’ (Urbanavicitté et al. 2020). The content
of polyphenols in aronia cultivars has shown less variability, with cultivars like ‘Nero’, ‘Valkira’, and ‘Chernookaya’
having the same content of total polyphenols and anthocyanins (Arus and Ratsep 2022). Therefore, future studies
should investigate the variability of press residues among different hybrid grape cultivars and Japanese quince.

Conclusions

The hypothesis of the experiment was confirmed. The content of polyphenols and antioxidant activity of the
wine raw materials and pomace of Japanese quince, aronia, and grape were significantly different and varied
between harvest years. As a two-year average, aronia had the highest total polyphenol content in fruits and pomace,
followed by Japanese quince and then grapes. Aronia fruits and wine pomace also had higher antioxidant activity
compared to Japanese quince and grapes. The content of individual polyphenolic compounds differed between
fruits and pomace. Compared to the fruits, aronia pomace had less chlorogenic acid and neochlorogenic acid.
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The content of anthocyanins increased; only the content of cyanidin-3-galactoside decreased. Flavanols were the
main polyphenols in the Japanese quince, and the content of most of them was lower in the pomace, with only
catechin content being higher. The content of anthocyanins and flavonols was found to be higher in the rosé wine
pomace compared to the fruits of grapes. However, the content of flavanols in the pomace was significantly lower.
This study revealed that winemaking residues from aronia, Japanese quince, and grape wine production are
good sources of polyphenolic compounds with high antioxidant activity that could be used further for the food,
cosmetics, or pharmaceutical industries.
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