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ABSTRACT

The study aimed to design an optimal technological process for preparing mash from black chokeberry (4ronia
melanocarpa) for fruit distillate production. The cultivar Galicjanka (harvest 2024) was used. Three variants
were evaluated: (1) mash with added sucrose and water, (2) mash without sucrose and water, and (3) maceration
of pulp in apple distillate (52% vol. ethanol) without fermentation or distillation. The following parameters
were analyzed: methanol content, non-volatile soluble substances, higher alcohols, and sensory quality.
Technological interventions during mash preparation, particularly the addition of water, enzymes, and sucrose,
significantly influenced distillate quality. The highest methanol content was found in the variant without
sucrose and water (2.754 g/L a.a.), while the lowest was in the macerated sample (0.238 g/L a.a.). Non-volatile
soluble substances were highest in the macerated variant (56.09 g/L a.a.) and lowest in the fermented variant
without additives (<0.002 g/L a.a.). The highest sensory score was achieved by the macerated variant (42.5
points), followed by the variant with added sucrose and water (42.0 points), which also showed low methanol
levels and a more balanced sensory profile. These findings support the broader use of chokeberry in distillate
and macerate production and highlight the importance of optimizing technological parameters, especially when
preserving bioactive compounds.
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INTRODUCTION

The production of fruit distillates and macerates has a long tradition in Slovakia and is deeply rooted
in the country’s cultural and economic heritage. Traditional fruits such as plums, apples, and pears are
commonly used in distillate production; however, in recent years, there has been growing interest in new
and less conventional raw materials that possess unique sensory and nutritional properties. One such raw
material is black chokeberry (4ronia melanocarpa), known for its high content of antioxidants, vitamins,
polyphenols, and other bioactive compounds [1], [2]. Despite the exceptional properties of chokeberry,
its use in distillate production remains relatively limited.

This may be due not only to its characteristic astringency but also to the insufficiently explored
technological processes required to produce a harmonious and sensorially acceptable product. Therefore,
optimizing the mash preparation process is essential for improving the quality of the final distillate and
for effectively utilizing the potential of this unconventional raw material [3]. Since ancient times, the
production of distillates and the process of distillation have been an integral part of human history—
whether as a food product or as a component of medicinal preparations. The maceration of fruit and
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herbs has long been a traditional method used in the creation of elixirs, tinctures, and plant extracts [4],
[5]. Today, we are witnessing both the preservation and revival of traditional technological processes,
as well as progress in formulations, technology, the application of scientific knowledge, and the
definition of quality standards [6]. Chokeberry, in terms of its history in distillation, cannot be compared
with traditional fruits such as plums, apples, or pears, as it has not been commonly used to produce fruit
distillates in our region—although this is now beginning to change. To produce both macerates and
distillates, chokeberry is an exceptionally valuable raw material, primarily due to its high content of
antioxidants, vitamins, and its intense flavor [7].

Most of the chokeberry varieties cultivated in Slovakia belong to the species Aronia melanocarpa.
Other distinct species include A. prunifolia, although A. melanocarpa remains the most widely grown.
Chokeberry fruit is nutritionally valuable, containing approximately 198 kJ (47 kcal) of energy, 0.63 g
of fat, 0.7 g of protein, 20.1 g of total carbohydrates (of which 7.5 g are sugars), 2.1 g of fiber, and 0.9
mg of sodium per 100 g of fresh weight [8]. The total amino acid content in chokeberries ranges from
558 to 1,580 mg/kg, with essential amino acids accounting for 56 to 128 mg/kg, ranking the fruit among
moderately rich sources of amino acids compared to similar berry fruits. Chokeberry juice is considered
one of the strongest natural antioxidants [9]. To ensure a high-quality fermentation process, the quality
of the raw fruit at the time of harvest is crucial. The optimal raw material for mash preparation is fruit
at technological ripeness—that is, at a stage when it contains the maximum amount of fermentable
sugars and aromatic compounds [10]. Distillation is a physico-chemical process in which a mixture of
liquids, or a liquid containing dissolved substances, is separated into individual components based on
their different boiling points. It is primarily used for separating or purifying liquids and for extracting
volatile compounds from mixtures [11], [12], [13], [14]. Maceration is the process of extracting
compounds from fruit, seeds, berries, herbs, or their parts by soaking them in a distillate, alcohol, or
alcohol diluted with water. The result of this process is a semi-finished product called a macerate, which
carries the aroma and flavor characteristic of the raw materials used [15], [16].

According to the currently valid Regulation (EU) 2019/787 of the European Parliament and of the
Council of 17 April 2019 on the definition, description, presentation, and labeling of spirit drinks, the
maximum methanol content in fruit spirits is set at 1,000 grams per hectoliter of 100% alcohol (a.a.).
Although different (often higher) limits are reported in the literature for specific categories of berry fruit
distillates, black chokeberry (Aronia melanocarpa) is not explicitly defined as a separate category under
current EU legislation and is therefore classified within the general category of fruit spirits.
Consequently, the general legal limit of 1,000 g/hL a.a. is considered applicable in this study. Neither
EU legislation nor Slovak national law defines limit values for non-volatile soluble substances [17].

Scientific Hypothesis

The technological process applied during the production of black chokeberry (4ronia melanocarpa) distillates
and macerates significantly affects their chemical composition and sensory quality. It is assumed that the addition
of water, sucrose, and enzymes during mash preparation leads to lower methanol content and improved sensory
properties compared to mash prepared without these additives. Furthermore, it is hypothesized that maceration
without fermentation results in significantly different levels of non-volatile soluble substances and higher alcohols
compared to fermented variants. It is also assumed that the monitored parameters (methanol, higher alcohols, and
non-volatile soluble substances) differ significantly among individual sub-variants within each technological
group.
Objectives

The primary objective of this study was to design and experimentally verify an optimal technological process
for the production of distillates and macerates from black chokeberry (4ronia melanocarpa), with an emphasis
on improving their chemical composition and sensory quality. The study aimed to evaluate the effect of different
technological treatments (addition of water, sucrose, enzymes, and yeast) on the fermentation process and
resulting distillates, to compare fermented variants with a macerated variant, and to determine their influence on
key quality parameters such as methanol content, higher alcohols, and non-volatile soluble substances.
Furthermore, the sensory properties of the final products were assessed to identify the most suitable technological
variant, and statistical analysis (ANOVA) was applied to determine significant differences between experimental
variants. Secondary objectives included verifying the suitability of black chokeberry as a raw material and
identifying technological factors that contribute to improved product quality and safety.
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MATERIAL AND METHODS

Samples

Samples description: Samples consisted of distillates and macerates produced from black chokeberry (4ronia
melanocarpa) cultivar ‘Galicjanka’. Three experimental variants were prepared: (1) fermented mash with the
addition of water, sucrose, enzymes, and yeast (AVKES), (2) fermented mash without the addition of water and
sucrose (ABKE), and (3) macerated chokeberry fruits in apple distillate (ADL).

Samples collection: Chokeberry fruits were hand-harvested at full technological ripeness on September 10,
2024, from a plantation located in Giraltovce, Slovakia. The samples were transported immediately after harvest
and processed without prolonged storage under controlled conditions (18-22 °C).

Samples preparation: The fruits were crushed using a food-grade grinder and processed according to the
experimental design. Fermented variants were prepared by adding enzymes and yeast, with or without sucrose
and water adjustment. Macerated samples were prepared by immersing whole fruits in 52% (v/v) apple distillate.
After fermentation and distillation, samples were collected at different stages of distillation or maceration and
stored in sealed containers until analysis (Figure 1 and Figure 2).
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Figure 2 Black chokeberry macerate (4ronia melanocarpa).
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Number of samples analysed: A total of 18 distillate samples (0.5 L each) were collected from fermented
variants, along with macerate samples taken at three time intervals (1, 3, and 6 months) (Figure 3). All analyses
were performed in triplicate (n = 3).

Figure 3 Black chokeberry distillate samples (4dronia melanocarpa).

Chemicals

All chemicals and reagents used in the study were of analytical grade quality.
Animals, Plants and Biological Materials

Plant material: Aronia melanocarpa (black chokeberry), cultivar ‘Galicjanka’.

Microorganism: Saccharomyces cerevisiae var. bayanus (commercial yeast strain, BS Vinaiské potfeby,

Czech Republic).

No animal material was used in this study.
Instruments

Optical refractometer (Haas Coolant, Germany) for sugar content determination.

Distillation apparatus BOSO PP/RK 350 (Slovakia).

Ebulliometer Dujardin-Salleron (France) for ethanol determination.

Analytical measurements were conducted in an accredited laboratory (CERTIPO spol. s r. 0., Slovakia).
Laboratory Methods

Methanol content was determined according to STN 560 210 (SPP-19 method) with expanded measurement
uncertainty U (k = 2) = 6%. Higher alcohols and non-volatile soluble substances were determined using method
SPP-20 STN 560 210-10. Ethanol content was measured by ebulliometry using a Dujardin-Salleron apparatus.

All analytical methods used were standardized and validated methods routinely applied in accredited
laboratories. Measurements were performed in triplicate to ensure repeatability and reliability.
Description of the Experiment
Study flow: The experiment consisted of three main phases. In the first phase, chokeberry fruits (Aronia
melanocarpa, cv. ‘Galicjanka’) were harvested at full technological ripeness and immediately processed into mash
or macerates according to three technological variants. The initial soluble solids content of the crushed fruit was
22 °Bx, determined using an optical refractometer. Two fermented variants (AVKES and ABKES) and one
macerated variant (ADL) were prepared. In the AVKES variant, 30 L of water was added per 100 kg of fruit,
resulting in a total mash volume of 130 L. The soluble solids content was adjusted to 22 °Bx by the addition of
food-grade sucrose prior to fermentation. In the ABKES variant, no water was added, and the =xb sugar content
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(22 °Bx) was maintained without adjustment. A commercial pectinolytic enzyme preparation (Distizym® FM,
Erbsloh) was applied at a dose of 40 mL per 100 kg of mash, diluted in water and homogenized into the mixture.
Fermentation was initiated using a selected yeast strain Saccharomyces cerevisiae var. bayanus (BS14, BS
Vinafské potteby), applied at a dosage of 20 g per 100 L of mash. The yeast was pre-activated in a mixture of
must and water (1:1) for 5 hours prior to inoculation. In the second phase, fermentation and maceration processes
were conducted under controlled temperature conditions (18—22 °C). The pH of the mash was within the typical
range for fruit fermentation (approximately 3.8—5.5), ensuring suitable conditions for yeast activity. Fermentation
was carried out in sealed vessels equipped with airlocks to maintain anaerobic conditions. After completion of
fermentation, the mash was distilled using a BOSO PP/RK 350 distillation apparatus. Distillates were collected
at defined stages (after 0.5 L, 1.5 L, and 3 L of distillate) to monitor changes in composition during the distillation
process. For the macerated variant (ADL), whole chokeberry fruits were immersed in 52% (v/v) apple distillate
at aratio of 5 kg fruit to 3 L distillate. Maceration was performed over different time intervals (1, 3, and 6 months),
and samples were collected accordingly. In the final phase, physico-chemical analyses and sensory evaluation
were performed, followed by statistical analysis to assess differences among variants. Sensory evaluation was
performed using a 50-point scoring system assessing aroma, taste, harmony, aftertaste, and overall impression.
The evaluation was carried out by a panel of trained assessors experienced in the analysis of fruit distillates.
All samples were evaluated under controlled laboratory conditions. Samples were served at room temperature in
standardized tasting glasses and coded with random three-digit numbers to ensure anonymity. The order of sample
presentation was randomized for each assessor to minimize positional bias. Assessors were instructed to evaluate
samples independently under standardized conditions, without communication during the session. Water was
provided for palate cleansing between samples. Each sample was evaluated in triplicate to ensure repeatability of
the results.
Quality Assurance
Number of repeated analyses: All analyses were performed in triplicate (n = 3).
Number of experiment replication: Each experimental variant was prepared in three independent replicates.
Reference materials: Standardized analytical procedures and calibrated laboratory instruments were used; no
certified reference materials were explicitly stated.
Calibration: Instruments (e.g., refractometer) were calibrated prior to measurement using standard calibration
solutions according to manufacturer instructions.
Laboratory accreditation: Analyses were performed in an accredited laboratory (CERTIPO spol. s r. 0.) in
accordance with ISO standards.
Data Access

Data are available from the corresponding author upon reasonable request.
Statistical Analysis

Statistical analysis was performed using Microsoft Excel and Python (SciPy v1.11.0). One-way analysis of
variance (ANOVA) was used to evaluate statistically significant differences among experimental variants
(AVKES, ABKE, and ADL) for the monitored parameters (methanol, higher alcohols, and non-volatile soluble
substances). Each experimental variant was prepared in three independent replicates (n = 3), which were
considered as biological replicates. Prior to ANOVA, the assumptions of normality and homogeneity of variances
were assessed using the Shapiro—Wilk test and Levene’s test, respectively. When statistically significant
differences were detected (p < 0.05), Tukey’s HSD post hoc test was applied to determine differences between
individual groups. The significance level was set at a = 0.05, and results were expressed as mean + standard
deviation (n = 3).
Reporting and transparency statement

This study was experimental; randomization and blinding were not applied. The sample size was based on the
experimental design with three replicates per variant. All samples were included in the analysis, and no data were
excluded. The study design, analytical procedures, and statistical evaluation were conducted to ensure
reproducibility and transparency.

RESULTS AND DISCUSSION

The measurement results revealed significant differences among the individual variants, as well as the fact that
the method of mash preparation and the applied technology have a substantial impact on the overall parameters
of the observed indicators. The measured ethanol content is presented in Table 1. Among the fermented variants,
a lower methanol content was found in the AVKES sample, where both water and sucrose were added (Table 2).
The measured higher alcohols content is presented in Table 3.
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Table 1 Ethanol Content in Individual Variants (vol.%).

Sub-Variant Stage of Distillation Ethanol (% vol.)
AVKES 1 After distilling 0.5 L of distillate 83.0
AVKES 2 After distilling 1.5 L of distillate 82.0
AVKES 3 After distilling 3 L of distillate 74.6

ABKE 1 After distilling 0.5 L of distillate 67.0

ABKE 2 After distilling 1.5 L of distillate 59.6

ABKE 3 After distilling 3 L of distillate 50.6
Table 2 Methanol Content in Individual Variants (g/l a.a.).

Sub-Variant Average = SD p-value
AVKES 1 1.189 +0.004
AVKES 2 1.217 +0.005 0.003*
AVKES 3 1.160 + 0.005
ABKE 1 2.140 £+ 0.003
ABKE 2 2.416+0.028 0.001*
ABKE 3 2.754 +0.009

ADL 1 0.701 £+ 0.002
ADL 2 0.261 £+ 0.005 0.001*
ADL 3 0.238 +0.002

Note: * indicates that values are statistically significant at the 0.05 level; SD — standard deviation.

The markedly lower methanol level in the ADL variant is likely due to the absence of fermentation and
distillation in its preparation process. All analyzed samples met the current EU legislative limits (Regulation (EU)
2019/787 of the European Parliament and of the Council) for methanol content in fruit spirits (maximum 1,000
g/hL of 100% alcohol, i.e., 10 g/L a.a.), confirming their safety for consumption and technological suitability [17].
It should be noted that Aronia is not explicitly defined as a separate category in this legislation and is therefore
considered within the general category of fruit spirits.

Table 3 Content of higher alcohols in individual variants (g/1 a.a.).

Sample Average = SD p-value
AVKES 1 4.100 = 0.005
AVKES 2 4.350 £ 0.052 p=10.001*
AVKES 3 3.609 + 0.004
ABKE 1 5.200 +0.021
ABKE 2 4.133+0.021 p=0.001%*
ABKE 3 3.165+0.010
ADL 1 5.060 £0.018
ADL 2 1.002 + 0.039 p=0.001%*
ADL 3 0.546 + 0.001

Note: * indicates that values are statistically significant at the 0.05 level; SD — standard deviation.

In terms of non-volatile soluble substances (Figure 4 and Figure 5), notable variation among the different
variants was observed. In two cases—ABKE2 and AVKES3—the values were below the measurable threshold.
Due to the different production processes, the ADL variant exhibited substantially higher levels of non-volatile
compounds, which can be attributed to the extraction of sugars, polyphenols, organic acids, and other non-volatile
constituents into the ethanol matrix during maceration. In contrast, fermented and distilled samples contained
negligible amounts of these substances, as distillation removes most non-volatile components. The macerated
variant (ADL) was therefore not intended to be directly comparable to fermented distillates in terms of compound
formation, but rather to provide a reference for extraction-based processing, highlighting fundamental
technological differences. From a technological perspective, these compounds contribute to body, mouthfeel, and
astringency, and may influence product authenticity and stability. This observation is consistent with previous
studies describing chokeberry as a fruit rich in polyphenolic compounds, particularly anthocyanins and
proanthocyanidins, which significantly influence extraction efficiency and sensory perception [18], [19], [3].

The efficiency of extraction in the ADL variant is strongly influenced by ethanol concentration, which
enhances solvent polarity and increases cell membrane permeability, facilitating the release of intracellular
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compounds [20], [21]. In contrast, fermented and distilled samples contained negligible amounts of these
substances, as distillation removes most non-volatile components. This phenomenon has been widely described
in distillation processes, where only volatile compounds are transferred into the final distillate, while non-volatile
substances remain in the residue [22]. The macerated variant (ADL) was therefore not intended to be directly
comparable to fermented distillates in terms of compound formation, but rather to provide a reference for
extraction-based processing, highlighting fundamental technological differences.
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Figure 4 Content of non-volatile soluble substances in ABKE and AVKES variants.
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Figure 5 Content of non-volatile soluble substances in ADL variants.

From a technological perspective, non-volatile compounds play a key role in shaping sensory characteristics
such as body, mouthfeel, and astringency, while also contributing to product authenticity and stability [23], [24].
High concentrations of these compounds, as observed in the ADL variant, may enhance sensory intensity but can
also lead to less harmonious perception if not properly balanced.

Statistical analysis of key quality parameters—including methanol, higher alcohols, and non-volatile soluble
substances—revealed significant differences among the sub-variants (1, 2, 3) within each technological group
(AVKES, ABKE, ADL). One-way ANOVA confirmed that the differences in methanol concentration were
statistically significant (p <0.01), with the most pronounced variability observed in the ABKE group, where levels
increased progressively from ABKE1 to ABKE3. This trend likely reflects the combined effect of mash density
and fermentation conditions. Methanol formation in fermented samples is primarily associated with the enzymatic
degradation of pectins present in fruit cell walls, particularly through the activity of pectin methylesterase [25],
[26]. Higher methanol levels in the ABKE variant can therefore be explained by the absence of dilution, leading
to a higher concentration of pectic substances and limited mass transfer. In contrast, dilution in the AVKES variant
likely reduced substrate concentration and improved fermentation conditions, resulting in lower methanol
formation [27].
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In contrast, methanol concentrations in the AVKES and ADL variants decreased in later fractions, consistent
with the selective separation of volatile compounds during distillation and the absence of fermentation-related
methanol formation in macerated samples. The lowest methanol content was measured in ADL 3 (0.238 g/L a.a.),
while the highest was recorded in ABKE 3 (2.754 g/L a.a.), despite all variants originating from identical raw
material. These results indicate a substantial influence of processing conditions on methanol formation within the
limits of this study. Hricovsky et al. [28] reported methanol concentrations in blackcurrant distillates ranging from
2.67 t0 5.95 g/L a.a., supporting the variability observed in our study.

Similarly, statistically significant differences in higher alcohol concentrations were confirmed across sub-
variants within each group (p < 0.001). The highest value was detected in ABKEI (5.20 g/L a.a.) and the lowest
in ADL 3 (0.546 g/L a.a.). Higher alcohols are mainly formed via yeast metabolism through amino acid
degradation pathways (Ehrlich pathway), and their formation is strongly influenced by fermentation conditions,
nitrogen availability, and yeast strain selection [29], [30].

While the fermented variants showed decreasing trends across distillation fractions, reflecting the selective
separation of volatile compounds, the ADL group exhibited a gradual decline over maceration time, indicating
extraction kinetics and subsequent stabilization. Maceration is governed primarily by diffusion processes and
solvent—matrix interactions, where extraction efficiency increases with time and ethanol concentration [24], [20].

The most pronounced differences were observed in the non-volatile soluble substance content, with ADL3
reaching a peak value of 56.09 g/L a.a., while ABKE2 displayed levels below the detection limit (<0.002 g/L
a.a.). These findings reflect the fundamental impact of processing method—particularly maceration—on the
extraction and retention of non-volatile compounds.

In the sensory evaluation, the macerated variant (ADL) achieved the highest average score (42.5 points),
followed closely by the AVKES variant (42.0 points), while ABKE scored lower (39.75 points), particularly in
aroma harmony and mouthfeel. Although ADL reached the highest overall score, the AVKES variant exhibited a
more balanced and technologically desirable sensory profile, especially in terms of harmony and overall
impression. The biplot (Figure 3) further supports these findings by illustrating the relationship between samples
and sensory attributes. Similar relationships between chemical composition and sensory perception have been
described in studies linking polyphenol content and volatile compounds with overall product acceptability [31],

[3].
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The biplot (Figure 3) visualizes the spatial distribution of aronia samples (ABKE, ADL, AVKES) and their
associated sensory descriptors in the principal component space. The first two principal components (PC1 and
PC2) account for 100% of the total variance, with PC1 explaining 70.7% and PC2 29.3%, based on eigenvalues
of 7.07 and 2.93, respectively. Sensory attributes are represented as vectors (arrows) indicating their direction and
magnitude of influence. Attributes such as aroma harmony, taste harmony, aftertaste, and overall impression align
strongly with PC1, indicating that this axis primarily captures flavor complexity and balance. On the other hand,
appearance, taste smoothness, and aroma clarity contribute more prominently to PC2, which reflects perceptual
differences in visual and mouthfeel characteristics. Sample AVKES is clearly positioned apart from the other two
samples along the PC1 axis, suggesting a distinct sensory profile characterized by higher perceived harmony and
flavor intensity. The alignment of AVKES with multiple positive sensory vectors further supports its favorable
evaluation across key attributes. This biplot provides an intuitive overview of how samples differ based on their
sensory characteristics and which variables are most responsible for these differences. It confirms PCA as an
effective technique for reducing dimensionality and highlighting patterns in sensory evaluation data. It is evident
that the high value measured in ADL3 is directly related to the maceration process used in the production of the
distillate. In the sensory evaluation, ADL received the highest total score (42.5 points), showing the most balanced
profile across all evaluated sensory attributes.

Several previous studies have explored the chemical and sensory characteristics of fruit-based distillates and
macerates, offering useful comparisons to the findings presented in this work. Balcerek and Szopa [32] examined
aronia distillates and identified isoamyl alcohol as a dominant volatile, which corresponds with the profile
observed in the ABKE variant. Similarly, Vuli¢ et al. [33] reported methanol concentrations ranging from 2.67 to
5.95 g/L a.a. in blackcurrant distillates, confirming the influence of raw material and technological procedure on
methanol levels. Methanol formation across various fruit spirits has also been reviewed by Botelho et al. [34],
who emphasized the significance of fermentation parameters and raw material integrity. Alonso et al. [35]
analyzed berry distillates such as arbutus and blackcurrant, revealing that production method strongly influences
volatile profiles, while Wojdyto et al. [36] showed that prolonged maceration enhances phenolic and aromatic
complexity in berry products—consistent with the ADL3 macerate in our study. Schlosser [37] demonstrated that
enzymatic mash treatment can improve aroma retention and reduce methanol formation during fruit fermentation.
The findings of Abubakar and Haque [38] also support the use of maceration to preserve delicate aromatic
compounds, which helps explain the high concentration of non-volatile substances in the ADL variant. Kanat et
al. [39] and Uhrova [10] both highlighted the critical impact of sugar content, enzyme addition, and yeast selection
on the overall chemical profile and fermentation quality of fruit mashes. Similarly, Sena Olcay et al. [40] explored
innovative processing strategies for functional berry products, emphasizing the potential of maceration and cold
extraction techniques. Nilson and Thorell [41] presented a comparison of traditional and modern distillation
technologies, underlining how production style affects both composition and flavor. The role of extended
maceration in enhancing sensory richness was demonstrated by Martinez-Moreno et al. [42], while Eglinton et al.
[43] showed that fermentation with Saccharomyces cerevisiae var. bayanus yields cleaner, more aromatic fruit
spirits. Finally, Huseynli et al. [44] underscored the importance of linking analytical composition with sensory
perception to ensure balanced and appealing distillate profiles. Together, these studies support our findings and
reinforce the idea that raw material quality, fermentation control, and the choice between maceration and
distillation are decisive factors in producing high-quality aronia-based beverages. Overall, the results indicate that
technological parameters such as mash dilution, enzyme application, fermentation conditions, and ethanol
concentration play an important role in shaping the chemical composition and sensory properties of chokeberry-
based products within the conditions of this study.

Limitations

The study has certain limitations that should be considered when interpreting the results. The experimental
design was based on a limited number of replicates (n = 3), which is standard for this type of controlled
technological study; however, increasing the number of replicates in future research could further strengthen the
statistical robustness of the findings. The experiment was carried out under controlled conditions that ensured
high reproducibility, although these conditions may not fully capture the variability present in large-scale
industrial production. In addition, only one cultivar of black chokeberry (Aronia melanocarpa ‘Galicjanka’) and
a single production season were included, which may influence the broader applicability of the results under
different agronomic or climatic conditions. Finally, the study focused on key quality parameters relevant to
distillate production, while more detailed profiling of minor compounds could provide additional insights in future
research.
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CONCLUSION

The results of this study clearly confirm that the applied technological process significantly influences the
chemical composition and sensory quality of black chokeberry (Aronia melanocarpa) distillates and macerates.
Statistically significant differences (p < 0.05) were observed among all experimental variants for key parameters,
including methanol, higher alcohols, and non-volatile soluble substances. The highest methanol content was
recorded in the ABKE variant (up to 2.754 g/L a.a.), confirming that the absence of water and sucrose leads to
less favorable fermentation conditions and increased methanol formation. In contrast, the AVKES variant showed
substantially lower methanol levels (as low as 1.160 g/L a.a.), demonstrating the positive effect of technological
interventions such as dilution and sugar adjustment. The macerated variant (ADL) also exhibited very low
methanol content (0.238 g/L a.a.), primarily due to the absence of fermentation. Significant differences were also
found in higher alcohols, with the highest concentration in ABKE1 (5.20 g/L a.a.) and the lowest in ADL3 (0.546
g/L a.a.), indicating the strong influence of both fermentation conditions and maceration time. The most
pronounced variability was observed in non-volatile soluble substances, where the ADL variant reached the
highest values (up to 56.09 g/L a.a.), while fermented variants showed minimal or undetectable levels (<0.002
g/L a.a.), highlighting the effect of maceration on compound extraction. From a sensory perspective, the highest
score was achieved by the macerated variant (42.5 points), followed closely by AVKES (42 points), whereas
ABKE showed the lowest acceptability (39.75 points). Although the macerated variant (ADL) achieved the
highest sensory score, its profile was characterized by lower harmony compared to the AVKES variant, which
exhibited a more balanced and technologically desirable sensory profile. PCA analysis further confirmed that
AVKES samples were associated with the most favorable sensory attributes, particularly in terms of harmony and
overall impression. Overall, the AVKES variant can be considered the most optimal for distillate production, as
it achieved a balanced combination of low methanol content, acceptable levels of higher alcohols, and high
sensory quality. The ADL variant proved highly suitable for macerate production due to its high content of non-
volatile compounds and excellent sensory profile. These findings emphasize the importance of optimizing mash
composition and processing parameters, particularly the addition of water, sucrose, and enzymes, to ensure both
safety and quality of the final product.
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