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Abstract: The diet rich in fruits is widely recommended for health-promoting properties. Regular
consumption of fruits could reduce the risk of many diseases. The fruit-based alcoholic beverages
have been produced for centuries and, in many countries, are still very popular. ‘Nalewka’ is a
traditional name of Polish liqueur, i.e., an alcoholic beverage made by maceration of fruits. Home-
made nalewkas are often stored for a long time before consumption, which can affect the content
of valuable secondary metabolites. The aim of the study was to compare the effect of long-time
storage on antioxidant activity and total polyphenol, total anthocyanin, tannin as well as gallic acid
content in three homemade nalewkas. Cherry, plum, and multifruit nalewka were produced in
1997 and between 2013–2019 years. The antioxidant activity was measured by the DPPH, ABTS,
FRAP, and CUPRAC methods. The content of gallic acid was estimated by high-performance liquid
chromatography (HPLC). The oldest nalewkas (from 1997) showed significantly lower antioxidant
activity as well as a lower content of polyphenols, anthocyanins, and gallic acid compared to the
later-produced nalewkas, in particular those produced in 2016–2019. In most cases, a correlation was
also found between the parameters of antioxidant activity as well as the total content of polyphe-
nols and anthocyanins. Long-term storage of nalewkas reduces the content of valuable secondary
metabolites responsible for the antioxidant activity and, thus, the health properties of the beverage.

Keywords: fruit alcohol beverages; ‘nalewka’; antioxidant activity; total polyphenol content; antho-
cyanins; long-time storage

1. Introduction

A diet rich in fruits is widely recommended for its health-promoting properties. Regu-
lar consumption of fruits is correlated with the decreased risk of many civilization diseases,
i.e., cardiovascular, cancer, osteoporosis, diabetes, and many others. Their valuable prop-
erties are related, among others, to their ability to deactivate reactive oxygen species
(ROS) [1–4]. The uncontrolled production of ROS can lead to oxidative stress responsible
for accelerated aging and the development of many diseases. ROS induces some oxidative
damage to biomolecules such as lipids, nucleic acids, proteins, and carbohydrates. ROS
have been implicated in more than 100 diseases, including civilization diseases, among
others, heart disease, stroke, arteriosclerosis, diabetes, and cancer [5–7]. In order to pro-
tect the organism against such undesirable effects, it is important to provide exogenous
antioxidants, obtained among others, from fruits [8,9].

Fruit-based alcoholic beverages have been produced for centuries, and they are still
very popular in many countries [10,11]. Such products often containing herbs, are fre-
quently produced at home according to well-known recipes handed down for generations.
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In Poland, homemade alcoholic liqueurs called ‘nalewka’ are quite popular. The first men-
tion of this drink can be found in 18th-century literature [12]. Nalewka is a traditional
Polish alcoholic beverage made by maceration (from several days to several months) of
fruit, herbs, flowers, and roots, in pure ethanol or vodka, frequently with sugar addition.
The method of preparation is important to obtain the proper aroma and flavor. Such
beverages usually contain around 40–45% ethanol by volume and are characterized by a
distinct taste, aroma, and color [13]. Traditional homemade liqueurs called nalewka do not
contain artificial flavors and colorants [12]. Nalewkas based on one fruit is more popular.
However, also those containing many seasonal fruits called ‘ratafia’ are willingly consumed.
To obtain such beverages, popular and widely cultivated fruits, rich in valuable ingredients
with antioxidant properties, are often used. During the maceration, active components
of fruits are dissolved in ethanol to obtain the final product with antioxidant potential.
The ethanol softens the fruits and promotes the extraction of various dyes and some other
substances that give the liquor a characteristic color, flavor, and smell [14]. Many studies
report the antioxidant efficacy of alcoholic beverages containing herbs and many fruits, i.e.,
chokeberry, black rose, blackcurrant, blackberry, raspberry, sloe, strawberry, cherry and
sour cherry, elderberry, rowanberry [9], rose petals [15], walnut [16,17] or myrtle berry [18].
The antioxidant properties of such tinctures are primarily due to the beneficial chemical
composition of fruits and herbs. The major bioactive compounds are especially polyphe-
nols, responsible for their health benefits [1–3]. However, it should be remembered that the
consumption of alcoholic beverages, especially in larger quantities, is dangerous to human
health, and this unfavorable effect may outweigh any possible health-promoting properties.
Therefore, it should be emphasized that nalewkas and other alcoholic beverages prepared
with fruits and herbs should be used in limited amounts.

The most popular fruits used for the production of nalewkas in Poland are seasonal fruits,
inter alia cherries, plums, strawberries, blackcurrants, raspberries as well as quince. They
contain many valuable ingredients, among which antioxidants are particularly important.

Sour cherry (Prunus cerasus L.) is popular fruit which is widely used both fresh and
processed. Cherry fruits are often used for the home or industrial production of juices,
liqueurs, etc. [19]. Nowadays, around the world, there is an increasing industrial production
of cherry liquors. Cherry liquor is an old alcoholic drink popular in several countries, such
as Poland. In Spain it is called ‘licor de cerezas’ or ‘licor de guindas’, while in Portugal
‘grinjinha’ [14]. Cherry fruits and juice are characterized by a high content of polyphenols,
anthocyanins, flavonoids, vitamins as well as beta carotene [20,21]. In traditional medicine,
they have been used as prophylactic agents against Alzheimer’s disease, cardiovascular
damage, and diabetes diseases [19,22,23]. The anthocyanins contained in these fruits may
have anti-inflammatory effects and may provide additional supportive therapy for chronic
diseases associated with oxidative stress [24].

The plum (Prunus domestica L.) is a drupe fruit that belongs to the subgenus Prunus [25].
The plum fruit contains phenolics, vitamins, minerals, and organic acids as well. The fruits
of this plant are characterized primarily by a very rich phenolic composition, including such
compounds as chlorogenic acid, gallic acid, dihydroxybenzoic acid, rutin, esculin, quercetin,
as well as less known neruloyl-glucoside, p-coumaroyl-glucoside, vanillic acid-glucosides,
3,4-dihydroxybenzoyl-glucoside, quercetin-3-O-pentosides, quercetin-3-O-rhamnoside,
quercetin-pentoside-rhamnosides [26]. In recent years, plums have been considered foods
with health-promoting properties. Their antioxidant, anti-inflammatory, anti-allergic, and
anti-bacterial properties, cognitive improvement, and supportive, positive effects in cardio-
vascular diseases have been described by many authors [25,27,28].

Strawberries (Fragaria × ananasa Duch.) are appreciated for their nutritional value,
taste, and antioxidant properties, mainly due to phenolics (phenolic acid, anthocyanin, and
flavonoids), vitamins (such as vitamin C) and beta-carotene content. In recent years, there
has been an increasing interest in strawberry fruits due to their nutritional quality and
antioxidant properties [29]. Strawberry fruits are an important source of polyphenols in the
human diet and are considered a functional food [30]. Some studies reported the beneficial
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effects of strawberries. For example, the treatment of melanoma cells with strawberry
fruit crude extracts produced a remarkable reduction in cell proliferation, paralleled with
both the lowering of the intracellular levels of polyamine and the enhancement of tissue
transglutaminase [31].

Blackcurrant (Ribes nigrum L.) is an important fruit-growing crop, growing on a
large scale mainly in Europe and Russia. Berries are used mainly in the production of
fruit juices [32]. Blackcurrant fruits are widely recognized for containing high levels of
polyphenols and anthocyanins [33]. The health effects of this fruit, including antioxidant
and anti-inflammatory or antibacterial activity, are well documented [33–35]. Fruits rich
in anthocyanins also have an anti-cancer effect, which has been observed in numerous
studies [36].

Raspberry fruits (Rubus idaeus L.) are a popular antioxidant, antimicrobial, and anti-
inflammatory remedy used in traditional medicine. The fruits are often used to treat the
common cold and fever [37]. They contain a lot of flavonoids, anthocyanins, phenolic acids,
and vitamin C [38,39].

Quince (Cydonia oblonga Miller) is also a valuable fruit for the production of nalewka.
Quince is a sour and hard fruit rather not suitable for consumption in a fresh state. However,
it is often used to prepare jam, jelly, liqueur, or marmalade. The fruits of this plant are a
source of nutrients such as carbohydrates, vitamins, and minerals, especially polyphenols,
with various health-promoting properties, such as antioxidative, antibacterial, antiulcer,
cardioprotective, anti-inflammatory, antidiabetic, and antiallergic [40,41].

The aim of the study was to compare the antioxidant activity and polyphenols, an-
thocyanin, and tannin, as well as gallic acid content in three nalewkas during, long-time
storage. Three types of homemade nalewkas: cherry, plum, and multifruit nalewka called
‘ratafia’ produced in 1997 and from 2013 to 2019 were analyzed.

2. Materials and Methods
2.1. Chemicals

2,2-diphenyl-1-picrylhydrazyl (DPPH), 6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid (trolox), 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium
salt (ABTS), 2,4,6-tripyridyl-s-triazine (TPTZ), cyanidin-3-glucoside, gallic acid, methanol
(analytical grade) were purchased from Sigma Aldrich (Darmstadt, Germany), iron(III)
chloride hexahydrate, iron(II) sulfate heptahydrate, Folin–Ciocalteu reagent were from
Merck, Darmstadt (Germany), whereas 99.5% acetic acid, sodium acetate anhydrous, potas-
sium persulfate, potassium acetate, aluminum chloride, 36% hydrochloric acid as well as
ethyl alcohol (all of the analytical grade) were from Chempur, Piekary Śląskie (Poland).

2.2. Nalewkas Preparation

The fruits for the production of nalewkas are bought each year at the local market. All
nalewkas were homemade and prepared according to the same recipe in all years.

To prepare plum nalewka, 1 kg of pitted plums, 250 mL of (96% v/v) ethanol, and
0.2 kg of sugar were used. For cherry nalewka, 1 kg of pitted cherries, 250 mL of (96%
v/v) ethanol, and 0.2 kg of sugar were applied, whereas to prepare ‘Ratafia’ (multifruit
nalewka), 0.25 kg of strawberries, 0.25 kg of redcurrants, 0.25 kg of raspberries, 0.25 kg of
quince, as well as 250 mL of ethanol (96% v/v) and 0.20 kg of sugar were used.

The maceration of the nalewkas in the 5-L jars lasted 3 months. After this time,
homemade nalewkas were filtered and stored in glass bottles in a cool and dark cellar.

2.3. Color Determined

The color parameters were estimated using the methodology described by
Pandeya et al. [42]. The absorbance of nalewka samples was measured at 420, 520, and
620 nm. The sum of absorbances at all wavelengths was referred to as color intensities
(IC′). The proportion of red, yellow, and blue (%R, %Y, %B, respectively) were deter-
mined using the following equations: %R = [(A520 × 100)/IC′]; %Y = [(A420 × 100)/IC′];
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%B = [(A620 × 100)/IC′]. Each sample was prepared in triplicate, and the results were
presented as arithmetical mean ± SD of three independent measurements.

2.4. Antioxidant Activity

DPPH radical scavenging activities of nalewkas were measured using a previously
described technique [6,43]. Briefly, an aliquot of 150 µL of nalewka was mixed with 2850
µL of DPPH radical solution in 96% (v/v) ethanol. After 10 min of incubation in the dark at
room temperature, measurement of absorbance at 517 nm against 96% (v/v) ethanol was
performed using Hitachi UV-Vis Spectrophotometer U-5100 (Hitachi High-Tech Science
Corporation, Tokyo, Japan). Three independent samples of each examined nalewkas
were prepared. The results are presented in mg Trolox·g−1 of nalewka. Additionally, the
antioxidant activity was expressed as a percentage of inhibition (%).

The potential of scavenging ABTS radical by fruit nalewkas was measured using the
method previously applied by Muzykiewicz-Szymańska et al. [43,44]. Shortly, a 7 mM
solution of ABTS (2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) in a 2.45 mM
aqueous solution of potassium persulfate was used as a stock solution. After dissolving
the components, the solution was incubated for 24 h in the dark at room temperature, then
diluted with 50% (v/v) methanol to obtain a working solution of absorbance of 1.00 ± 0.02
at 734 nm. Next, 2.5 mL of working ABTS solution and 0.025 mL of a studied nalewka
were introduced into the spectrophotometric cuvette. After 6 min of incubation at room
temperature, absorbance was measured. Each extract was evaluated in triplicate. The
results are presented in mg Trolox·g−1 of nalewka.

The ferric ion reducing potential was measured with FRAP (ferric reducing antioxidant
power) method as in previous studies [44]. The working solution was prepared by mixing
1 volume of 10 mM TPTZ (dissolved in 40 mM HCl), 1 volume of 20 mM FeCl3, and
10 volumes of acetate buffer (pH 3.6). An aliquot of 2320 µL of the working solution was
mixed with 80 µL of nalewka. The absorbance was measured after 15 min at 593 nm. The
results are expressed as mg FeSO4·g−1 of nalewka

In order to evaluate the reducing ability of cupric ions, the CUPRAC method with vol-
ume modification was applied according to the methodology described by Roman et al. [45].
Shortly, 500 µL of 0.01 M aqueous CuCl2 solution, 500 µL of 7.5 mM neocuproine solution
in 96% ethanol, 500 µL of 1 M acetate buffer (pH 7), 300 µL of distilled water and 250 µL
of the extract were thoroughly mixed. After 30 min of incubation at room temperature,
the absorbance was measured at 450 nm. The results are presented in mg Trolox·g−1

of nalewka.
Total polyphenol content was determined using the Folin–Ciocalteu (F-C) method [6].

Shortly, 0.15 mL of the studied sample, 0.15 mL of tenfold diluted Folin–Ciocalteu reagent,
1.35 mL of 0.01 M sodium carbonate aqueous solution, and 1.35 mL of water were added
and mixed. The spectrophotometric measurement was carried out at 765 nm. The time of
incubation was 15 min. The results were expressed as gallic acid equivalents (GA) in mg
GA·g−1 of nalewka. Three independent measurements were made.

Total anthocyanins content (TAC) was estimated using the modified method proposed
by Lee et al. [46]. The absorbance of fruit nalewka diluted in buffers at 1.0 pH (hydrochloric
acid-potassium chloride) and 4.5 pH (acetic acid-sodium acetate) was measured at 510 as
well as 700 nm. Results were expressed as cyjanidin-3-glucoside equivalents (mg Cy-3-
Glu·mL−1 of nalewka). Three independent measurements were made.

Total tannin content (TTC) was carried out using a methodology described by
Pandeya et al. [42]. Briefly, two samples of each nalewka containing 200 µL of 10-fold
diluted nalewka, 300 µL of concentrated HCl, and 100 µL of distilled water were prepared.
The first sample was incubated at 100 ◦C for 30 min, while the second sample, to which
50 µL of 96%(v/v) ethanol was added, was left at room temperature. The absorbance of
samples was measured at 470, 520, and 570 nm. The differences between the absorbance
at given wavelengths were presented as ∆A470, ∆A520, and ∆A570. The ∆A470 and ∆A570
were then expressed in terms of ∆A520 using the equations: ∆A520 = 1.1 × ∆A470 and
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∆A520 = 1.54 × ∆A570. The TTC (mg·mL−1 of nalewka) was calculated using the following
formula: TTC = 15.7 × lowest ∆A520. Each sample was prepared in triplicate, and the
results were presented as the mean ± SD of three independent measurements.

2.5. Gallic Acid Determination

The concentration of gallic acid in the nalewkas was determined by high-performance
liquid chromatography (HPLC) using the HPLC system from Knauer (Berlin, Germany).
The tested components were separated isocratic on a 125 mm × 4 mm column filled with
Hyperisil ODS, particle size 5 µm. The mobile phase consisted of 1% acetic acid, and MeOH
(30:70 by vol.) was pumped at 1 mL/min. An aliquot of 20 µL of the nalewka was injected
into the column. Determinations were made at a wavelength of 280 nm. Results were
expressed as µg mL−1 of nalewka. All nalewkas were diluted 100-fold before injection. All
the samples were analyzed three times.

All the above-mentioned parameters (p. 2.3.–2.5.) were evaluated in 2022.

2.6. Statistical Analysis

Results are presented as the mean ± standard deviation (SD). A one-way analysis
of variance (ANOVA) was used. In the case of the cumulative mass, the significance of
differences between individual groups was evaluated with Tukey’s test (α < 0.05). A cluster
analysis was carried out to determine similarities between all years of storage of nalewkas.
The Pearson test was used to demonstrate the correlation between the antioxidant activity
evaluated with different methods. Statistical calculations were performed using Statistica
13 PL software (StatSoft, Kraków, Polska).

3. Results
3.1. Color Determined

Figure 1 presents all the analyzed nalewkas obtained in different years. Figure 2 shows
the individual colors’ contribution to the overall color of the analyzed nalewkas. In all
the analyzed nalewkas, the largest percentage share in the primary colors was yellow,
while the lowest was blue. In cherry nalewka, red color ranged, depending on the vintage,
from 36.4% to 47.0%, yellow from 41.6% to 56.0%, whereas blue from 6.9% to 17.1%. In
ratafia, these values were: 23.5–30.3%, 62.3–71.3%, and 5.2–8.3%, respectively, while in
plum nalewka, were 22.4–35.0%, 54.3–71.7% and 5.8–10.7%, respectively (Figure 2).

3.2. Antioxidant Activity

The antioxidant potential of the nalewkas measured by the DPPH, ABTS, FRAP, and
CUPRAC methods are presented in Tables 1–4. All the tested nalewkas showed antioxi-
dant activity. However, this parameter differed depending on the type of nalewkas and
production year. The antioxidant activity measured with the DPPH method ranged from
2.814 ± 0.062 mg Trolox·g−1 for plum nalewka prepared in 1997 to 4.005 ± 0.014 mg
Trolox·g−1 for cherry nalewka prepared in 2018 (Table 1). Figure 3 presents a comparison
of the antioxidant activity of all nalewkas in individual years, expressed as free radical
scavenging activity, in %. Taking into account the individual nalewka in each year, the
ability to scavenge free radicals varied depending on the fruit used. The ability to scavenge
free radicals was high and ranged from 66.47 ± 1.39 for plum nalewka (the year 1997) to
93.33 ± 0.32% for cherry nalewka (the year 2018) (Figure 3). In the case ABTS technique,
the antioxidant potential ranged from 2.597 ± 0.422 mg Trolox·g−1 for cherry nalewka
prepared in the year 1997 to 17.249 ± 0.151 mg Trolox·g−1 for cherry nalewka prepared
in the 2018 year (Table 2). It should be added that for younger nalewkas higher antioxi-
dant activity was found for cherry and plum nalewkas produced between 2016 and 2019,
whereas for ratafia only for this produced in 2019. A similar trend was also observed for
the FRAP method, in which the ability to reduce ferric ions ranged from 5.870 ± 0.117 mg
FeSO4·g−1 for cherry nalewka prepared in 1997 to 17.547 ± 0.069 mg FeSO4·g−1 for cherry
nalewka prepared in 2018. In general, the oldest nalewka, produced in 1997, showed a
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significantly lower ability to reduce ferric ions compared to the whole group produced
after 2013 (Table 3). Analyzing the CUPRAC method, the lowest antioxidant activity was
shown by cherry nalewka produced in 1997 and the highest by ratafia produced in 2019.
Antioxidant activity in these cases was 8.640 ± 0.131 and 20.732 ± 0.492 mg Trolox·g−1,
respectively (Table 4).
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Table 1. The antioxidant activity of nalewkas was measured by the DPPH method (mean ± SD,
n = 3). Different letters indicate significant differences between the individual years. The result was
expressed in mg Trolox·g−1 of nalewka.

Year of Production Ratafia Cherry Plum

1997 3.145 ± 0.015 a 2.974 ± 0.012 a 2.814 ± 0.062 a
2013 3.484 ± 0.162 b 3.126 ± 0.188 a,b 3.677 ± 0.080 d,e
2014 3.257 ± 0.013 a 3.329 ± 0.044 b 3.353 ± 0.052 b
2015 3.248 ± 0.040 a 3.270 ± 0.093 b 3.518 ± 0.053 c
2016 3.189 ± 0.085 a 3.024 ± 0.021 a 3.527 ± 0.041 c,d
2017 3.791 ± 0.016 c 3.684 ± 0.007 c 3.751 ± 0.012 f
2018 3.816 ± 0.039 c 4.005 ± 0.014 d 3.706 ± 0.010 f
2019 3.878 ± 0.017 c 4.004 ± 0.009 d 3.772 ± 0.071 f

Table 2. The antioxidant activity of nalewkas was measured by the ABTS method (mean ± SD,
n = 3). Different letters indicate significant differences between the individual years. The result was
expressed in mg Trolox·g−1 of nalewka.

Year of Production Ratafia Cherry Plum

1997 9.342 ± 0.139 a 2.597 ± 0.422 a 2.560 ± 0.549 a
2013 11.672 ± 1.308 a 7.550 ± 0.705 b 5.270 ± 0.433 a
2014 9.912 ± 0.122 a 6.806 ± 0.817 c 3.122 ± 0.102 a
2015 10.578 ± 0.381 a 5.275 ± 1.220 b,c 14.231 ± 0.340 c
2016 9.771 ± 0.274 a 15.725 ± 0.374 d,e 11.598 ± 0.508 b
2017 12.486 ± 0.359 a 16.554 ± 0.335 de 17.293 ± 0.084 d
2018 11.850 ± 0.155 a 17.249 ± 0.151 e 16.406 ± 0.378 d
2019 16.420 ± 4.226 b 15.474 ± 0.090 d 17.093 ± 0.371 d

Table 3. The antioxidant activity of nalewkas was measured by the FRAP method (mean ± SD,
n = 3). Different letters indicate significant differences between the individual years. The result was
expressed in mg FeSO4·g−1 of nalewka.

Year of Production Ratafia Cherry Plum

1997 8.654 ± 0.218 a 5.870 ± 0.117 a 9.092 ± 0.220 a
2013 13.299 ± 0.142 b 10.149 ± 0.207 a,b 14.921 ± 0.368 b
2014 11.800 ± 0.090 de 9.760 ± 0.397 b,c 13.027 ± 0.188 c
2015 12.011 ± 0.042 e 10.342 ± 0.045 c,d 13.011 ± 0.336 d
2016 11.405 ± 0.022 d 12.760 ± 2.834 d,e 10.264 ± 0.188 d
2017 10.967 ± 0.261 c 14.549 ± 0.022 e,f 13.510 ± 0.165 d,e
2018 16.809 ± 0.030 f 17.547 ± 0.069 g 13.908 ± 0.193 e
2019 16.684 ± 0.119 f 16.574 ± 0.198 f,g 13.155 ± 0.174 d

Table 4. The antioxidant activity of nalewkas was measured by the CUPRAC method (mean ± SD,
n = 3). Different letters indicate significant differences between the individual years. The result was
expressed in mg Trolox·g−1 of nalewka.

Year of Production Ratafia Cherry Plum

1997 15.347 ± 0.424 b 8.640 ± 0.131 a 10.619 ± 0.022 a
2013 17.406 ± 0.296 c 16.955 ± 0.580 b 14.433 ± 0.320 c
2014 14.204 ± 0.512 a,b 16.654 ± 0.346 b 15.130 ± 0.040 c,d
2015 13.674 ± 0.522 a 16.899 ± 0.399 b 15.267 ± 0.136 d,c
2016 15.075 ± 0.211 b 18.815 ± 0.641 b 13.089 ± 0.566 b
2017 16.830 ± 0.255 c 20.335 ± 0.780 b,c 15.703 ± 0.259 d
2018 16.707 ± 0.678 c 17.965 ± 0.359 b 19.534 ± 0.547 f
2019 20.732 ± 0.492 d 19.360 ± 0.753 b,c 16.958 ± 0.657 e
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3.3. Total Polyphenol, Anthocyanin, and Tannin Content

The total polyphenols content in all types of nalewkas is presented in Figure 4.
This parameter ranged from 3.877 ± 0.022 mg GA·g−1 for ratafia prepared in 1997 to
8.232 ± 0.045 mg GA·g−1 for plum nalewka prepared in 2019. Similarly to the antioxidant
activity measured by other methods, generally, the highest total polyphenol content was
observed for the youngest nalewkas: for ratafia prepared in 2018 and 2019 and for cherry
and plum nalewkas produced in 2017–2019 (Figure 4).
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The anthocyanin content in all types of nalewkas is presented in Figure 5. This pa-
rameter ranged from 0.334 ± 0.041 mg Cy-3-Glu/1 mL for ratafia prepared in 1997 to
5.572 ± 0.170 Cy-3-Glu/1 mL for ratafia prepared in 2019. As in the case of antioxidant
activity measured by other methods, generally, the highest content of anthocyanins was
observed for the youngest nalewkas: for ratafia produced in 2018 and 2019 and for cherry
and plum nalewka of 2017–2019 (Figure 5). In the case of ratafia, the anthocyanins con-
tent is significantly higher in the youngest nalewka produced in 2019. A different trend
was observed for cherry nalewka, where the content of anthocyanins was comparable in
2013–2019. On the other hand, the ratafia produced in 2017–2019 was characterized by
a higher content of these compounds compared to older samples. The tannin content is
presented in Figure 6. The highest concentration of tannins was observed in nalewkas
in 2013. The highest concentration of these compounds was identified in plum nalewka,
while the lowest was in ratafia (20.394 ± 2.531 and 17.317 ± 1.044 mg·mL−1, respectively)
(Figure 6).
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Analyzing all types of nalewkas, a significant decrease in antioxidant activity was
observed during prolonged storage. The youngest nalewkas, produced in 2017–2019, have
been most often characterized by significantly the highest antioxidant activity. This is also
confirmed by the cluster analysis, in which individual groups with different antioxidant
activities can be distinguished. The graphs show that 25-year nalewkas form a group
definitely different from the other groups of younger nalewkas (Figure 7).
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Figure 8 presents the statistically significant correlations between parameters of an-
tioxidant potential during the entire storage period for all types of nalewkas. In most cases,
a high correlation coefficient was found between the individual parameters of antioxidant
activity (p < 0.05) (Figure 5).
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3.4. Gallic Acid Content

Figure 9 presents an example of an HPLC chromatogram of gallic acid, whereas
Figure 10 shows the content of gallic acid determined by the HPLC method. The content of
gallic acid depended on the year of production as well as on the fruit used. The concen-
tration of this compound ranged from 35.442 ± 1.540 µg·mL−1 for the ratafia produced in
1997 to 120.985 ± 1.534 µg·mL−1 for the ratafia from 2018. Ratafia contained the highest
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amount of gallic acid. In most cases, a significant difference in the content of this compound
was observed in comparison with other nalewkas.
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Figure 10. The content of gallic acid in three types of nalewkas in 1997 and 2013–2019. Values are
the mean of three determinations (n = 3). Different letters indicate significant differences between all
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4. Discussion

In our study, the effect of long-term storage of homemade nalewkas containing sea-
sonal fruits, such as cherries, plums, strawberries, currants, raspberries, and quince, on
their antioxidant activity was evaluated. The antioxidant activity of the analyzed nalewkas
was measured using the DPPH, ABTS, FRAP, and CUPRAC methods. The total polyphenol
(TPC), anthocyanin (TAC), total tannin (TTC), and gallic acid content were also analyzed.
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Nalewka is a traditional Polish alcoholic beverage made by maceration, among others, of
fruit with or without the addition of sugar in pure ethanol or vodka. To obtain such beverages,
popular and widely cultivated fruits rich in valuable ingredients with antioxidant properties
are often used. All of our tested nalewkas showed antioxidant activity, but it depended
on the year of production as well as the type of fruits used. Many authors have reported
the antioxidant capacity of various natural alcoholic beverages containing, among others,
fruits [9,15,47], nuts [16,17], or tea leaves [48]. The antioxidant properties of traditional Polish
nalewkas were also assessed by Polak and Bartoszak. They proved the highest antioxidant
activity, measured with the DPPH method for the elderberry nalewka (1045 µmol/100 mL),
then for the raspberry nalewka (285µmol/100 mL) and the cherry nalewka (133µmol/100 mL),
whereas the lowest for the cranberry nalewka (45 µmol/100 mL) [13].

Many studies report that the antioxidant activity depends on the time of storage [9,17].
This was also confirmed in our analyses, in which a significant decrease in antioxidant
activity with increased storage time was observed. The youngest nalewkas, produced in
2017–2019, have been most often characterized by significantly the highest antioxidant
activity. However, according to many authors, the antioxidant activity of fruit and herbal
liqueurs after prolonged storage does not always decrease. Many factors can affect this
parameter, such as the type of fruit or herb used, storage conditions, and the scheme
of the preparation of alcoholic beverages. For example, Alamprese et al. evaluated the
antioxidant activity of 17 homemade nocino liqueurs, each made in a different year (from
1977 to 2000). The authors did not show a significant difference between the antioxidant
activity in the younger liqueurs compared to the older ones. DPPH radical scavenging
activities of the older samples produced in 1977–1983 were similar to younger samples
produced in 1996–2000, wherein the average activity expressed as Trolox equivalents for all
samples was 199 µmol Trolox/100 mL [17].

Sokół-Łękowska et al. suggested that storage time can influence on activities of sam-
ples evaluated with the DPPH method and may cause either increasing or decrease of
antioxidant activity. The authors compared the antioxidant capacity of liqueurs made
from red fruits, such as chokeberry (Aronia melanocarpa (Michx.) Elliott), cornelian cherry
(Prunus avium L.), black rose (Rosa spinosissima L.), blackcurrant (Ribes nigrum L.), blackberry
(Vaccinium myrtillus L.), raspberry (Rubus idaeus L.), mahonia (Mahonia aquifolium (Pursh)
Nutt.), sloe (Prunus spinose L.), strawberry (Fragaria × ananasa) and sour cherry (Cerasus
vulgaris Mill.). All liqueurs were prepared using 65% (v/v) ethanol. The authors analyzed,
among others, the influence of 6 months of storage at 15 ◦C and 30 ◦C on the antioxidant
potential of the samples. During storage, it was observed a different decrease in antioxidant
activity depending on the type of liqueurs. For example, the black rose, chokeberry, and
blackcurrant liqueurs stored at a temperature of 30 ◦C showed a significant reduction in an-
tioxidant activity from 20% to 50% [9]. In another study, the antioxidant capacity of cherry
liqueurs analyzed by the ABTS method changed during 24 weeks of storage, probably
due to sugar addition and storage temperature. The antioxidant activity before storage
at 15 ◦C was 11.56 µmol Trolox/mL (without sugar added) and 11.77 µmol Trolox/mL
(with sugar added), whereas, after storage, it decreased to 10.83 and 10.68 µmol Trolox/mL,
respectively. Moreover, at 30 ◦C it was 12.28 µmol Trolox/mL (without sugar added)
and 12.62 µmol Trolox/mL (with sugar added), while after storage—9.90 and 7.85 µmol
Trolox/mL [11]. Kallithraka et al. suggest that during the storage of wine, oxidation of
principal polyphenolic compounds would presumably lead to changes in the levels of
antioxidants as a consequence of changes in the redox equilibrium [49].

A large group of polyphenols plays an important role in the human diet. Epidemiologi-
cal studies have shown associations between the consumption of polyphenol-rich beverages
and the prevention of diseases viz. cancers, diabetes, and cardiovascular [50,51]. A high
polyphenols content is responsible for the strong antioxidant properties of fruit [13,50].
Polyphenols may have anti-inflammatory and/or inflammatory response stabilizing activi-
ties, which is very important in health maintenance and disease risk reduction. It turns out
that diets rich in fruits are inversely associated with inflammatory stress, and the prevalence
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of diabetes and Alzheimer’s disease is lower with increased fruit consumption [52]. In
our research, all analyzed nalewkas were characterized by a high content of total polyphe-
nols. The total polyphenol content in our study ranged from 3.877 ± 0.022 mg GA·g−1

for ratafia prepared in 1997 to 8.232 ± 0.045 mg GA·g−1 for plum nalewka prepared in
2019. Sokół-Łękowska et al. stated that the black rose, chokeberry, sloe, and mahonia fruits
liqueurs had high total polyphenol contents of 671, 329, 271, and 218 GAE in 100 mL of
liqueur, respectively. On the contrary, liqueurs made from raspberries, strawberries, and
cornelian cherry were characterized by significantly lower total polyphenol content: 63.4,
82.0, and 99.0 GAE in 100 mL, respectively [9]. Polak and Bartoszek analyzed various fruits
nalewka containing elderberry, cranberry, rowanberry, raspberry, cherry, as well as nuts.
The evaluated nalewkas were purchased in the local market or were produced at home.
Authors stated that all evaluated alcoholic beverages were characterized by the content of
total polyphenols—which varied from 83 mg GA/L in the case of rowanberry nalewka to
3649 mg GA/L for elderberry nalewka. Interestingly, homemade nalewka from raspberry
contained over three times more total polyphenols (1811 mg GA/L) as compared with
nalewka purchased locally marked (534 mg GA/L). It could be related, among others, to
the different content of ethanol because nalewka produced homemade was characterized
by a higher alcohol concentration of 45% (v/v), whereas commercial—25% (v/v) [13]. In
our study, similarly to the antioxidant activity, the highest total polyphenol content was
observed for the youngest nalewkas: 2018 and 2019 for ratafia and 2017–2019 for cherry and
plum nalewkas. Regardless of the type of nalewkas, three groups can be distinguished: the
group of the oldest nalewkas from 1997, the group from 2013–2017, and the last one from
2018 and 2019 characterized by the highest total polyphenol content. Many factors may con-
tribute to the reduction in polyphenols during storage, such as storage time, temperature,
and sugar content, as well as the type of fruit from which the nalewka was made [9,13]. For
example, Sokół-Łękowska et al. found no significant change in the total polyphenol content
of cherry liqueurs due to storage conditions. During 24 weeks of storage, the total phenolic
content before storage was 1.15 mg GA/mL, whereas, after storage, it was 1.10–1.14 or
1.21–1.25 mg GA/mL in samples without and with sugar, respectively [11]. In our research,
during the last 2 years of storage (2018 and 2019), no significant changes in total polyphenol
were observed in all nalewkas. However, in the literature, there are not many reports on the
analysis of alcoholic beverages with added fruits after 25 years of storage. Only Alapmrese
et al. stated that the mean total phenol content of nocino liqueur from 1977–2000 reached
2758 mg/L and did not significantly decrease upon the liqueur aging if they were stored at
15–18 ◦C. The nocino liqueur is made with green, unripe walnuts and is a typical nalewka
containing a very high content of tannins, which probably also affects the stability of these
tinctures [17].

An important parameter in the evaluation of alcoholic fruit beverages is the color
for which some secondary metabolites are responsible, among others anthocyanins. All
analyzed by us nalewkas were characterized by a characteristic color. The darkest product
was cherry nalewkas, which is due to the high content of anthocyanins [11]. Visually, the
color of samples from different years of production was similar. Therefore, we decided
to estimate the percentage share of individual colors in all nalewkas in individual years
of production. The largest percentage share in the primary colors was yellow, while the
lowest was blue. Pandeya et al., who studied the color parameters of Nepali wines, have
made similar observations. In the wines they examined, the dominant colors were red
and yellow, with a small share of blue. The authors explain this phenomenon by the fact
that the proportion of red color is mainly derived from anthocyanins and decreases as
anthocyanin polymerizes with tannins and other phenolic compounds, which leads to the
increase in yellow color proportion. The intensification of this process was observed with
the age of the wine [42]. We observed a similar tendency in our nalewkas. The nalewkas
from 2019, in particular ratafia and cherry, were characterized by the highest concentration
of anthocyanins and the highest share of red color, whereas the nalewkas from 1997 were
characterized by the lowest concentration of anthocyanins. In the case of plum nalewka, the
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low concentration of anthocyanins was reflected in the color of the nalewka, in which the
highest share of yellow was found. The anthocyanins, as pigments, are almost exclusively
responsible for the blue, red, and purple colors in fruits [53]. Anthocyanins are natural
dietary pigments that could also be involved in health effects [54]. These compounds are
known to be functional compounds of a healthy diet and belong to polyphenolic organic
compounds. These natural pigments are essential secondary metabolites characterized by
powerful antioxidant activity [55]. In our study, the total anthocyanin content of nalewkas
varied depending on the production year as well as the type of nalewka. The older nalewkas
contained significantly fewer anthocyanins as compared to the younger ones. An interesting
result was observed in the case of cherry nalewka, in which the content of anthocyanins
remained at a similar level over the last 7 years. In the case of the other nalewkas, high
content of anthocyanins was found only in the last four and three years for ratafia and
plum nalewka, respectively. Sokół-Łękowska et al. in their study stated, that anthocyanins
underwent a partial or completely significant degradation during 6 months of storage in
various of fruit liqueurs [9]. Similarly, Kucharska et al. (2007) observed a lower content
of anthocyanins in the cornelian cherry liqueur after three months of storage, wherein the
color of liqueurs turned more into yellow [56]. Anthocyanins are undurable pigments,
susceptible to oxidation, especially in case of ascorbic acid presence [11]. In our study, the
lowest degradation of anthocyanins during storage in cherry nalewka were observed. The
cherry nalewkas have a specific aroma and an intensive purplish-red color, which may
correspond to its anthocyanin content during long-term storage.

In our study, we observed interesting and unusual results regarding the content of
tannins. Their highest concentration was observed in liqueurs from 2013. The highest
concentration of these compounds was identified in plum nalewkas, while the lowest
was in ratafia (20.394 ± 2.531 mg·mL−1 and 17.317 ± 1.044 mg·mL−1, respectively). The
lowest concentration of tannins was found in the youngest nalewkas. The reason for such a
discrepancy was probably different climatic conditions prevailing in a given year of fruit
harvest. As it is commonly known, the content of secondary metabolites and, thus, the
antioxidant activity of plants is largely dependent on the weather conditions in a given
year of vegetation [57].

Secondary metabolites, mainly polyphenols, are responsible for the high antioxidant
activity of the fruit [58]. Many studies report a strong correlation between antioxidant
activity and the content of these compounds [59], which was also confirmed in our research.
Pearson’s correlation was calculated between the antioxidant activities and total polyphenol
content, and anthocyanin content. In the majority of cases, a significant relationship was
found between the antioxidant activity and the total content of polyphenols. Similarly,
Alpresampre et al. showed a high correlation between the antioxidant activity and the
content of total phenols, total tannins, and non-tannin phenolics in nocino liqueur from
1977–2000 [17].

Phenolic acids are one of the major classes of phenolic compounds, found widely in
foods of plant origin. A good source of phenolic acids are fruits as well as various types of
fruit-based drinks also alcoholic [11,60]. Many studies indicate that among the rich phenolic
composition of fruits, the main compound with a strong antioxidant potential is gallic acid.
Gallic acid is a secondary metabolite present in most plants, including fruits. This substance
exhibit a range of bioactivities, including antioxidant, antimicrobial, anti-inflammatory, and
anticancer [61–65]. It also provides efficient protection against oxidative damage caused
by ROS often encountered in biological systems, including hydroxyl (HO˙), superoxide
(O2˙−), and peroxyl (ROO˙) radicals as well as hydrogen peroxide (H2O2). In addition, this
compound, as well as its ester derivatives (propyl gallate, octyl gallate, and lauryl gallate),
are used as preservatives to prevent oxidation rancidity and spoilage [61,66]. Therefore,
in our work, we decided to determine the content of gallic acid in nalewkas by the HPLC
method. The content of gallic acid varied depending on the year of production as well as on
the fruit used. The concentration of this compound ranged from 35.442 ± 1.540 µg·mL−1

for the ratafia produced in 1997 to 120.985 ± 1.534 µg·mL−1 for the ratafia from 2018.
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Generally, it was observed that gallic acid was quite stable during storage. Its content was
significantly lower only in all 25-year-old nalewka, while the second group (2013–2019)
most often remained at a similar level. Similarly, in the study of Sokół-Łękowska et al., the
phenolic acids in sour cherry liqueurs, such as p-coumaroylquinic, neochlorogenic and
chlorogenic acids after 6 months of storage, also were quite stable [11]. On the contrary,
Kallithraka et al. reported a significant decrease in phenolic compounds, including gallic
acid, in wines after 6 months of storage [49].

5. Conclusions

The fruit-based alcoholic beverages have been popular for a very long time. In Poland,
a traditional drink of this type is nalewka, which is made by maceration of seasonal fruit in
ethyl alcohol for several months. Valuable secondary metabolites contained in the fruit dur-
ing such maceration get into the alcohol, which makes it a beverage with high antioxidant
activity. Thus, consuming small amounts of such nalewka could have a beneficial effect
on health. The antioxidants contained in the fruit are one of the most valuable exogenous
compounds that eliminate the adverse effects of ROS constantly attacking the human body.
In our study, we examined the antioxidant activity and the total content of polyphenols
and one of the phenolic acids, i.e., gallic acid, in three types of our own fruit, nalewkas.
Nalewkas stored since 1997 and produced in 2013–2019 were analyzed. The antioxidant
activity was different depending on the year and the fruit used. A decrease in antioxidant
activity was observed during long storage. Moreover, the long storage time of nalewkas re-
sulted in a decrease in polyphenols content, which correlates with their antioxidant activity.
The obtained results suggest that longer storage time and its conditions (e.g., temperature)
result in a decrease in the antioxidant potential of nalewkas. In addition, the observed
decrease in the content of anthocyanins, which could be responsible for a color change
(decrease in the share of red color in favor of yellow color), also suggests an adverse effect of
long-term storage on the content of biologically active compounds. Noteworthy is also the
observation that tinctures from 2013 were characterized by the highest content of tannins,
which probably were related to the weather conditions prevailing in this growing season.

To sum up, the antioxidant potential of nalewkas is affected by many factors, both those
related to the preparation of tinctures (type of fruit, method of preparation, sugar content) as
well as to storage conditions (time, temperature). Weather conditions, in particular, growing
seasons, are also important, as they also affect changes in the biochemical composition of
fruits. The obtained results suggest that, in general, tinctures stored for a shorter period of
time (2013–2019) are richer in compounds with antioxidant activity than tinctures produced
in 1997 after a 25-year storage period.
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19. Sokół-Łętowska, A.; Kucharska, A.Z.; Hodun, G.; Gołba, M. Chemical Composition of 21 Cultivars of Sour Cherry (Prunus cerasus)

Fruit Cultivated in Poland. Molecules 2020, 25, 4587. [CrossRef]
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