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60-632 Poznań, Poland
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Abstract: Food producers have focused on novel and attractive raw materials with functional
properties. Cornelian cherry (Cornus mas L.) fruits contain numerous compounds that may be
beneficial for health. Objective: This study aimed to compare and assess the physicochemical
properties and amygdalin levels in brandy and liquor prepared from frozen cornelian cherry fruits.
Density functional theory-based B3LYP functionals were used to analyze the spectral and optical
properties of amygdalin. The contents of the compounds and volatile products of amygdalin decay
were found in two spirituose beverages of Cornus mas, using HPLC and GC-MS. Significant differences
in their physicochemical properties were detected between the samples. Alcoholic beverages based on
cornelian cherry fruits were rich in a wide range of functional ingredients with a low concentration of
amygdalin. In silico analysis showed that orbital density diffusion has a major effect on the physical
properties of amygdalin, while differences between the polarities of water and ethanol had no
noticeable effect on the spectral properties of the compound. Cornelian cherry-based alcoholic drinks
might be interesting functional products with rich aromatic bouquets. The amygdalin concentration
is low enough to pose no toxicological threat, but rather shapes the tastory bouquet of the products.
Levels of amygdalin may be controlled using the same analytical methods for solutions with different
ethanol–water ratios.

Keywords: Cornus mas; amygdalin; DFT; alcoholic beverages; volatile compounds; antiradical
capacity

1. Introduction

Brandies and liquors are high-strength alcoholic beverages prepared via maceration
processes. They have been commonly manufactured since ancient times by crafters and in
households from local fruits and herbs. Despite the rising popularity of these beverages,
few dedicated scientific papers have been published. However, the available literature
on this subject shows a high concentration of bioactive compounds and high biological
activity for both brandies and liquors. Phenolic compounds predominate in the bioactive
compound fraction of fruit brandies [1,2]. Moreover, bioactivity may differ depending on
the raw materials used, the recipes and the storage conditions [3]. Numerous epidemi-
ological studies have shown significant relationships between the consumption of plant
polyphenols and a lower incidence of cancer, cardiovascular disease, diabetes, osteoporosis
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and neurodegenerative disease [4]. A key mechanism of action of polyphenols is the ability
to inhibit radical reactions and the chelation of ions responsible for radical generation [5].
Compared with other popular alcoholic beverages, brandies have a polyphenolic content
similar to that of red wines, but significantly greater than that of white wines and beers.
Nonetheless, brandies are drunk in smaller quantities, due to their higher concentration of
ethyl alcohol [6,7].

Fruit liquors and brandies have become popular commodities in numerous countries,
and their market has become diverse due to local customs, drinking culture and legal
frameworks of spirit production. The local customs of liquor preparation are usually linked
with regional ingredients and flavors [8]. In Eastern Europe, herbal liquors predominate,
while in the Mediterranean countries the most popular are products based on citrus fruits.
As the liquor market is highly diverse, producers seek unique and authentic products to
attract consumers’ attention [9]. The interest in local, unique products is a key success factor
of small distilleries and manufacturers, which focus on producing high-quality liquors
with exquisite flavors. The other trend is organic products due to the growing interest in
green solutions. Consumers are also becoming more and more open to tasting new flavors,
which leads to the launching of novel products on the market [8,10].

Amygdalin is naturally present in the kernels of Rosaceae plants, such as quince, bird
cherry, almond, apricot, peach, cherry and plum. It is also present in trace amounts in the
flesh of several fruits (blueberries, blackberries, chokeberries, cranberries, strawberries,
raspberries, dogwood) and in cashew, macadamia and almond nuts [11]. Amygdalin
(PubChem CID 2180) is a cyanogenic glycoside. The metabolic pathway transforms it in the
body to hydrogen cyanide and benzaldehyde. The toxicity of HCN results from its ability
to inhibit oxidative phosphorylation. The binding of cyanide anions to Fe3+ in the active
center of cytochrome oxidase leads to hypoxia [12]. Intoxication with amygdalin may lead
to diarrhea, vomiting, abdominal pain, and in most severe cases, to death. However, the
lethal dose is relatively high compared to the concentration in plant kernels. Depending on
the source, it estimated to be between 0.5 and 3.5 mg/kg body weight.

A significant portion of cyanides are detoxified in liver mitochondria via the sulfur-
transferase enzyme (E.C. 2.8.1.1) to thiocyanates that are further excreted in urine. Another
detoxification mechanism involves the formation of cyanocobalamin as an intermediate,
and then the oxidation of CN ions to formates and CO2.

The bioavailability of amygdalin and its toxicity in the body depend on its source,
from which it is consumed [13]. The majority of fruit kernels, e.g., raspberry or strawberry
seeds, are not digested in the body. Thus, amygdalin is not absorbed and is secreted with
the kernels. Moreover, stone fruits (e.g., plums, cherries) are consumed without kernels.
Consequently, the vast majority of fruits are poor sources of amygdalin. Amygdalin is also
found in tinctures and beverages prepared with stone fruits.

The toxicity of amygdalin was studied in relation to its concentration in different foods
and beverages, and in terms of potential anti-cancer and anti-infection effects. This trial of
amygdalin application started in Russia in 1845, when high toxicity and poor results were
noted. Further research conducted in Germany in 1892 also resulted in the termination
of any treatment with the compound [14]. In the 1920s, in the United States, a danger
to human health posed by amygdalin was confirmed. However, thirty years later, an
intravenous version of amygdalin was patented and certified to be safe for humans [15].
Then, The National Cancer Institute analyzed the amygdalin preparation produced by
Cyto Pharma, and discovered that oral and intravenous forms did not meet American
regulations on pharmaceutical safety. Recently, the European Food Safety Authority (EFSA)
updated in 2019 the scientific opinion on the health risk of cyanogenic glycosides limits
in foods, excluding apricot kernels [16]. EFSA stated that the acute reference dose (ARfD)
of 20 µg cyanide/kg body weight should have no severe effects. However, this ArfD
may be exceeded with the administration of linseed, almonds and cassava, which are
rich in cyanogenic glycosides. Nonetheless, there are still no legal regulations regarding
amygdalin levels in liquors.
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Although the solubility of amygdalin is relatively high in water and ethanol, it is
fragile to acidic hydrolysis and conversion to neoamygdalin during the extraction of the
raw material, and during product storage. Due to the presence of amygdalin and its
products of decay, the beverages referred to above have a specific bitter flavor. Moreover,
the amygdalin content in these products is relatively low. Thus amygdalin poses no
toxicological threat. Nonetheless, amygdalin may affect the other properties of a food
product. Another key determinant of the properties of the final beverage is the method of
maceration or extraction. The chemical structures of compounds found in a food matrix
differ. Interactions with other food ingredients have not been fully determined, and this
issue is pivotal in designing the production process. Polyphenols are highly labile to
oxidation. High temperatures and alkaline conditions accelerate the degradation of these
compounds. Therefore, the preparation of raw material and the extraction process are key
factors determining the ingredients and properties of the final food product.

Due to rising consumer interest in cornelian cherry food products, this study aimed to
assess the properties of the most popular Cornus mas products, i.e., brandy and liquor.

The product of amygdalin decay may affect the aroma profile of the beverages. More-
over, the auxiliary aim of the study was to validate the spectral and physical properties
of amygdalin, which might be useful in preparing the maceration process and controlling
amygdalin levels. We assumed that the properties of amygdalin in water and ethanol
should be similar enough to relate them to the properties of amygdalin in spirit matrices
based on differences in water–ethanol ratio.

2. Material and Methods
2.1. Cornelian Cherry Liquors

The raw materials were prepared from ripe fruits of the cornelian cherry cultivar (cv.)
Szafer, collected from the “Szynsad” orchard in Dąbrówka, Nowa, Błędów, Mazowieckie,
Poland (51◦47′01′′ N 20◦43′04′′ E). The final products examined were cornelian cherry
liquor and brandy, manufactured by hBp-Likvor CLP (Pniewy, Poland) according to a
method developed by the authors [17]. We designed two different types of product: brandy
and liquor. For the brandy, fruits were initially frozen at −20 ◦C before they being subjected
to the maceration stage. Frozen C. mas fruits were macerated at a ratio of 1.5 kg of fruit
per 1 L of 70% ethanol. The liquor was prepared by the remaceration of fruits used for the
preparation of brandy, with the addition of inverted saccharose at a ratio of 5 g inverted
saccharose per 8 g fruits. The whole mixture was dissolved in 1 L of 70% ethanol. The
maceration of the liquor lasted 60 days. The prepared beverages were bottled in capped
bottles made of translucent glass. After that, they were kept at ambient temperature out of
daylight until the analyses.

2.2. Analytical Methods
2.2.1. Basic Physicochemical Parameters

The ethanol content was first determined using the Super Dee Digital Distillator
(Gibertini, Novate Milanese, Italy), and then with a DDM 2909 Automatic Density Meter
(Rudolph Research Analytical, Hackettstown, NJ, USA), according to the officially rec-
ognized AOAC alcohol table. For each sample, the test was repeated in triplicate and
the final value was provided in % v/v. The volatile compounds in the tested beverages
were verified on a Hewlett Packard HP 6890 (Waldbronn, Germany) gas chromatograph
with two flame ionization detectors (FIDs), a single split/splitless inlet, and an autoinjec-
tor. The volatile compounds were separated using two capillary columns (CPWax 57CB,
60 m × 0.25 mm × 0.4 µm; and DB-624, 60 m × 0.25 mm × 1.4 µm). The chromatographic
equipment and analysis conditions were described by He et al. [18]. The results have been
expressed as mg/L 100% spirit (recalculated to ethanol content) and compared with Polish
and European standards [19,20].
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Th residue extract content after distillation was determined according to the density
method using a DDM 2909 Automatic Density Meter and run in triplicate for each sample.
The final values have been given in Brix degrees (Bx).

The pH values of the tested beverages were determined using a CP-411 pH meter
(Elmetron, Zabrze, Poland). Each sample was measured three times. The relative viscosity
of the tested samples was measured with an Ubbelohde viscometer using a ViscoClock
viscosity measuring unit (Schott, Mainz, Germany). Distilled water was used as a reference
liquid for the calculation of relative viscosity. Each sample was measured three times.

The color of the tested beverages was examined using a PCE-CSM 3 colorimeter
(China) set in CIE L*a*b* units.

2.2.2. Amygdalin Concentration

The amygdalin concentration in the liquor and the brandy was measured according
to a modification of the method described by Miao et al. [21]. The tested beverages were
first filtered through 45 µm filter disks to chromatographical vials, and then placed in an
autosampler with a temperature of 4 ◦C. The concentration measurement of amygdalin
was performed using an Agilent 1260 high-performance liquid chromatograph (USA) with
a UV-VIS detector. The samples were separated at 25 ◦C using a Phenomenex Luna column
(4.6 mm × 250 mm, 5 µm). The analysis ran in an isocratic elution. The eluent was a mixture
of acetonitrile (Sigma Aldrich, Germany) and water 15:85 v/v at a flow rate of 0.8 mL/min.
The analysis time was 20 min, followed by 10 min of column flushing with eluent at a
flow rate of 1.0 mL/min and 5 min of column conditioning before the next analysis. Test
samples were applied to the column at a quantity of 20 µL. The amygdalin concentration
was determined using a standard curve (r2 = 0.990) based on the peak areas recorded for
standard amygdalin solutions (Sigma Aldrich) at λ = 214 nm. Amygdalin showed a peak
at a retention time of 9.5 min. Each trial was analyzed in triplicate. The final results are
expressed in mg/L.

2.2.3. In Silico Calculation of Amygdalin Properties and UV-VIS Spectra

All calculations were performed using Gaussian G16W software with a GaussView 6
graphical editor. First, the structure of amygdalin was generated and optimized using the
hybrid Lee, Parr and Young potential and the B3LYP/6–31+G(2d,2p) functional base. After
the optimization of the structure, the model of amygdalin was subjected to the calculation
of UV-VIS spectra, optical rotation, and single point energy. UV-VIS spectra were predicted
for singlet-only excitation states in the TD-SCF model, and the PCM solvation model
was used. All simulations were performed using B3LYP hybrid functional 4-Slater-type
functional bases: 6–31+G(2d,2p), 6–31++G(2d,2p), 3–21+G* and 3–21G. Simulations were
performed for models with the addition of the solvent effect of water or ethanol, or without
such correction (gas-state).

2.2.4. Determination of Polyphenol Concentrations

Phenolic acids and flavonoids were quantitatively evaluated in the tested samples
according to the method of Stuper-Szablewska et al. [22]. The tested samples of the liquor
and brandy were subjected to alkaline and acidic hydrolysis before chromatographic
determination. The analysis was performed using an Acquity H class UPLC system (USA)
with a Waters Acquity PDA detector. As a stationary phase, an Acquity UPLC® BEH C18
column (100 mm × 2.1 mm, particle size 1.7µm) (Waters, Ireland) was used. The elution was
carried out in a gradient with the following composition: A, acetonitrile with 0.1% formic
acid; B, 1% aqueous formic acid mixture (pH = 2), given with a flow rate of 0.4 mL/min.
The internal standard method was used to detect the individual compounds. The detection
was performed at wavelengths λ = 320 nm and 280 nm, and the results were expressed
as mg/100 g DM. Compounds were identified based on comparing the retention time of
the analyzed peak with the retention time of the chromatographic standard. The detection
limit for individual compounds was 1 µg/g DM. The retention times for phenolic acids
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(PubChem CID numbers in paratheses) were as follows: protocatechuic acid (72) 1.56 min,
gallic acid (370) 4.85 min, p-coumaric acid (637542) 8.06 min, 2,5-dihydroxybenzoic acid
(3469) 9.55 min, 4-hydroxybenzoic acid (135) 9.89 min, chlorogenic acid (1794427) 12.00 min,
caffeic acid (689043) 15.20 min, syringic acid (10742) 15.60 min, sinapic acid (637775)
17.10 min, ferulic acid (445858) 19.00 min, salicylic acid (338) 17.85 min, trans-cinnamic acid
(444539) 20.00 min, and vanillic acid (8468) 21.05 min. The retention times for flavonoids
were as follows: apigenin (5280443) 1.10 min, vitexin (5280441) 8.00 min, kaempferol
(528063) 11.00 min, luteolin (5280445) 16.90 min, quercetin (5280343) 17.00 min, naringenin
(932) 17.50 min, rutin (5280805) 19.00 min, and catechin (9064) 19.50 min.

2.2.5. Chlorophyll and Total Carotenoid Fractions

Chlorophyll A (CA), chlorophyll B (CB) and total carotenoid (TC) concentrations were
determined using the spectrometry method according to the Abou-Arab method [23]. The
absorbance of the samples was measured at three wavelengths—440 nm (A440); 644 nm
(A644) and 662 nm (A662)—using a Specord S40 spectrophotometer (Analytik Jena, Jena,
Germany) and a 10 mm cuvette.

CA, CB and TC concentrations (mg/L) were determined using the following equations:

CA = 9.784 × A662 − 0.99 × A644 (1)

CB = 21.426 × A644 − 4.65 × A662 (2)

TC = 4.695 × A440 − 0.369 × (CA + CB) (3)

2.2.6. Antiradical Capacity

The antioxidant activity was evaluated against ABTS and independently against DPPH
radicals.

The ABTS scavenging test was conducted via a modification of the method devel-
oped by Re et al. [24], which has been fully described in our previous work [17]. The
measurements were taken as follows: 20 µL of the tested beverage was added to 980 µL
of the ABTS radical solution. Absorbance values were recorded precisely 40 s after the
sample addition, and compared against the blank, which was 980 µL ABTS solution. The
antioxidant potential of each sample was measured in triplicate, and the final values were
expressed as mmol Trolox equivalents (TE)/L extract. For the calibration curve (r2 = 0.9508),
we applied Trolox standard solutions (100–1000 µM).

A methanolic solution of DPPH was used as part of an alternative method of visualiz-
ing the antioxidant activity. The test was conducted using O’Sullivan et al.’s method [25].
The sample absorbance was recorded at λ = 515 nm (Meterech SP 880, Taiwan). The re-
spective concentrations of Trolox (Sigma-Aldrich, Germany) were used as standards to
construct a calibration curve (r2 = 0.9948). The results are expressed as mM Trolox.

2.3. Statistical Analysis

One-way ANOVA was used to present the significant differences between the tested
samples in terms of tested parameters using the least significant difference (LSD). An α

value lower than 0.05 was assumed as the level of significance. Statistical analyses were
performed using Origin Pro 2021 (Germany).

3. Results and Discussion

The two tested spirits showed significant differences in color, extract residue after
alcohol vaporization and relative viscosity (Table 1). Liquor was also found to be more
reddish and greenish (higher a* and b* values), which provided the overall characteristic
straw color. However, the overall color comparison, represented by the ∆E value, revealed
that the differences between both tested beverages were not significant according to the
CIE L*a*b* system guidelines. The differences in color may result from the ratio of total
carotenoids, flavonoids and anthocyanins extracted from the matrix. Differences observed
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in the contents of extracts from the beverages after alcohol vaporization (39.0 Bx for liquor
and 17.0 for Bx for brandy) may support this claim. The relative viscosity could be directly
affected by the difference in water–ethanol ratios between both tested beverages.

Table 1. Physicochemical and sensory characteristics of the tested Cornus mas beverages.

Sample Liquor Brandy

Organoleptic parameters:
Color Straw Dark reddish

Clarity Transparent Transparent

Aroma
Specific, sweet and fruity

(cornelian cherry fruit noticeable),
delicate, pleasant

Specific, sweet and fruity
(cornelian cherry fruit slightly noticeable),

pleasant

Taste
Sweet, slightly fruity

(cornelian cherry fruit noticeable),
slightly sour, harmonious

Slightly sweet, slightly fruity
(cornelian cherry fruit noticeable),

tart, harmonious

Physicochemical parameters

Alcohol content at 20 ◦C (%v/v) 22.2 ± 0.5 a 34.8 ± 0.5 b

Extract after alcohol distillation (Bx) 39.0 ± 0.5 b 17.0 ± 0.5 a

pH 3.7 ± 0.2 a 3.8 ± 0.2 a

Centrifugation residue (g/L) <0.1 <0.1
Relative viscosity † 12.7 ± 0.2 b 4.83 ± 0.23 a

Color-instrumental measurement
CIE Lab system

L* = 21.5 ± 1.2 a

a* = 3.2 ± 0.2 b

b* = 0.05 ± 0.02 b

L* = 21.2 ± 0.2 a

a* = 2.4 ± 0.2 a

b* = −0.19 ± 0.02 a

∆E = 0.89

n = 3; † liquid water as a reference; a,b superscript uppercase letters indicate significant differences between
samples (p < 0.05).

The prepared beverages had noticeable sweet and fruity sensory bouquets, with a
characteristic break of tart flavor for the liquor and only sour for the brandy. These sour
and tart notes are characteristic of the cornelian cherry taste [26]. From the point of view
of the potential manufacturer of the product, the two prepared alcoholic beverages have
interesting sensory bouquets, which could interest the consumer.

Also important is the lack of bitterness perceived, which discouraged some of the
evaluators from tasting both products. The perception of bitterness in foods depends on the
presence of compounds that interact with bitter taste receptors located on tongue. Overall,
25% of the human population has an overactive TAS2R38 gene, which makes them very
sensitive to bitter tastes. This was reflected in the lower consumption of vegetables (by
200 portions) in this group [27,28].

The production process of alcoholic beverages comprises not only basic ingredients,
i.e., spirtuose and treated water, but also aroma and flavor additives [29–32]. Plant aromas
may be added in the form of distillates, macerates or tinctures. The aromatization process
may also precede the distillation. The plant ingredients are key aroma additives in the
production of herbal spirituoses, as well as in bitters and spiced vodkas [32]. The selection
of materials, their proportions, and their aroma extraction methods allow the creation of
unique recipes for alcoholic beverages, affording them unique tastes and flavors [30,32].

The highest SP energy was noted for amygdalin in the gas state (Table 2). Water and
ethanol decreased the internal energy of the molecule, due to the diffusion of electron
density between the molecules of the amygdalin and solvent. The key role in diffusion may
be played by the hydroxyl groups in hexose moieties of amygdalin. The localization of
OH groups in alternating axial/equatorial conformations may facilitate the formation of
hydrogen bonds between the groups and the solvent. The observed SP value, which was
lower for water than for ethanol, may confirm this hypothesis.
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Table 2. In silico determination of amygdalin properties.

Basis Set/Solvent Gas State Water Ethanol

single point energy (kJ/mol)

b3lyp/6–31+g(2d,2p) −4,255,888.40 −4,259,820.71 −4,259,816.57

b3lyp/6–31++g(2d,2p) −4,256,234.30 −4,256,323.02 −4,256,318.61

b3lyp/3–21+g* −4,233,830.95 −4,233,945.76 −4,233,939.93

b3lyp/3–21+g −4,233,319.52 −4,233,435.80 −4,233,429.99

optical rotation angle

b3lyp/6–31+g(2d,2p) 100.41 96.36 97.49

b3lyp/6–31++g(2d,2p) 100.01 95.41 96.12

b3lyp/3–21+g* 111.10 105.86 106.73

b3lyp/3–21+g 111.10 105.86 106.73

UV spectra: wavelength (nm); ε

b3lyp/6–31+g(2d,2p)

239.77 240.19 240.21
0.0040 0.0073 0.0073
235.90 228.40 228.60
0.0144 0.1103 0.1095
232.75 219.90 220.66
0.0253 0.0057 0.0065

b3lyp/6–31++g(2d,2p)

239.00 239.46 239.48
0.0040 0.0074 0.0075
235.28 227.61 227.80
0.0138 0.1158 0.1150
232.13 218.82 219.61
0.0268 0.0054 0.0063

b3lyp/3–21+g*

233.91 234.58 234.59
0.0038 0.0089 0.0089
232.62 223.70 223.88
0.0103 0.1294 0.1284
229.26 214.61 215.47
0.0305 0.0053 0.0061

b3lyp/3–21+g

233.91 234.58 234.58
0.0038 0.0089 0.0089
232.62 233.70 223.88
0.0103 0.1294 0.1284
229.26 214.61 215.47
0.0305 0.0053 0.0061

UV-VIS spectra liquor brandy
Λmax (nm); 233 234
Absorbance 0.31397 0.46112

Additionally, differences observed in optical rotation and UV-VIS spectra may suggest
such a mechanism. For water, the lowest α values were observed (96.36◦ for 6–31+g(2d,2p)),
and for the gas state, these values were the highest (100.41◦ for the same base function).
The UV-VIS spectrum of amygdalin exhibited three peaks in the ultraviolet range. The first
peak can be observed at 232 nm, but the most intense peak was located at 235 nm. Both
water and ethanol cause a solvatochromic effect, shifting the first two peaks toward the
high-energy regions of UV-VIS spectra (Table 2). Because the solvation effect on the overall
molecule was the opposite, these two peaks must be characteristic of the hydrophobic
part of amygdalin, i.e., the phenyl ligand. However, the intensity of the 235 nm peak
increased along with the hypochromic shift. This may show that the excitation state specific
to this peak occurs more easily in the presence of a polar solvent. Such behavior is rather
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characteristic of the cyanide group. The last peak observed at 240 nm occurred with few
bathochromic effects in the presence of ethanol and water. The lack of additional diffusion
potential in the 3–21+g basis set resulted in differences in spectral and optical rotations
compared to the results obtained for 3–21+G*. This indicates that there is no observable
effect of the polar solvent on the diffusion of electron density, especially for those electrons
located at the hydroxyl ligands of dextrose groups.

Taking these findings into account, calculations were performed without additional
correction for polarity in 6–31G (6–31++G(2d,2p)). After including the additional base set in
the proposed model, the calculated results were comparable with the 6–31++G(2d,2p) base
set. This shows the special role played by virtual orbitals in the diffusion of energy density,
which is also associated with the photoelectric properties observed in UV-VIS spectra and
optical rotation. Aharon and Caricato [33] showed that the use of 3–21G base sets with
the addition of aug-cc-pVDZ and aug-cc-pVTZ in the calculation of the optical polarity
of various chiral compounds resulted in a low level of error (approx. 4%) compared with
their real optical densities. Moreover, Suendo and Viridi [34] reported that in an analysis of
TD-DFT 6–31++G(d,p), a correction factor of 0.844 must be considered, but the application
of the PCM solvent model decreased the error value not only for TD-DFT 6–31++G(d,p) but
also in other discussed functionals. However, this error decrease was rather small, which
corresponds with the findings of the presented study, indicating that the effect of solvent
polarity is not a major factor.

The predicted bonds for amygdalin may correspond well with the actual ones (Table 2).
In both models, the amygdalin maximum oscillates between 233 and 234 nm. This result
may suggest that the determination of amygdalin content using UV-VIS detectors should
be performed at an analytical wavelength of 235 nm, rather than the routine 215 nm, as
described in Section 2.2.1. What is more, the simulated UV-VIS spectra and α values are
similar for models including the polarity effects of water and ethanol. Thus, all analytical
methods involving the testing of amygdalin in pure water and ethanol–water matrices
can be compared without the need to change the analytical wavelength. All the models
prepared in this study oscillate satisfactorily within this range.

In the tested beverages, a low concentration of amygdalin was confirmed (Table 3). The
mean concentration of amygdalin in brandy was above 10 mg/L, while the remaceration of
C. mas fruits resulted in trace concentrations of amygdalin in the liquor (under 2 mg/L).
This difference shows that the first maceration of the cornelian cherry fruits resulted in a
high yield of extracted amygdalin. The remaceration process used in the preparation of
liquor could involve amygdalin decay and enanciomerization, which has been described
below in the theoretical introduction section of this paper. The amygdalin level detected
in the brandy was similar to that in the cherry liquor analyzed by Senica et al. (16 mg/L).
Nonetheless, various unit operations under the material may lead to significant losses of
amygdalin, and therefore, lower toxicity.

The measured local maxima in the tested alcoholic beverages show that the predominant
compounds in the liquor were catechin (301 mg/L), naringenin (281 mg/L), rutin (106 mg/L)
and quercetin (115 mg/L). The cornelian cherry brandy was rich mostly in the same com-
pounds, but at higher concentrations (345, 378, 169 and 201 mg/L, respectively), which may
indicate that the higher ethanol ratio in the macerate facilitated the extraction of flavonoids,
but not the extraction of amygdalin. The preparation of alcoholic beverages affects not only
their sensory properties but also their bioactivity. In our previous work [35], we observed that
the freezing of cornelian cherry fruits may have a positive effect on the yield of the process.
Tinctures prepared with frozen fruits resulted in higher dry mass and ash content, but had no
effect on the total content of polyphenols. However, a tincture prepared with frozen fruits
was a better radical-scavenger than a tincture made of nonfrozen fruits.
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Table 3. Concentrations (mg/L) of phenolic acids, flavonoids, amygdalin, total carotenoids and chlorophyll fractions in the tested beverages.

Sample Gallic Acid 2,5-DHBA 4-HBA PCA Caffeic
Acid

Syringic
Acid

p-Coumaric
Acid

Ferulic
Acid CGA Sinapic Acid t-Cinnamic

Acid CA CB

brandy 14.22 ± 0.22 a 1.30 ± 0.10 a 22.35 ± 0.67 a 13.50± 0.19 b 33.10 ± 2.10 a 12.60 ± 0.98 a 3.31 ± 0.15 b 28.52± 2.12 b 6.10 ± 0.57 a 1.14 ± 0.17 b 5.32 ± 1.21 a 1.66 ± 0.00 b 4.08 ± 0.01 b

liquor 16.10 ± 0.31 b 1.60 ± 0.12 a 21.20 ± 0.54 a 10.40 ± 0.09 a 36.50 ± 2.22 a 10.40 ± 1.02 a 2.80 ± 0.62 a 16.31 ± 1.15 a 5.21 ± 0.38 a 0.70 ± 0.02 a 8.93 ± 1.98 b 0.53 ± 0.00 a 1.24 ± 0.00 a

sample vanillic acid salicyl acid Naringenin vitexin rutin quercetin apigenin kaempferol luteolin catechin amygdalin TC

brandy 15.60 ± 2.15 2.25 ± 0.77 a 378.31 ± 9.17 b 34.52± 2.46 b 169.13±7.35 b 201.33± 9.36 b 79.11± 5.38 b 17.42± 2.16 b 10.70± 0.39 b 345.23 a ± 10.52 10.64±12.10 a 6.57 ± 0.00 b

liquor 14.90 ± 1.98 8.64 ± 0.94 b 281.56± 10.02 a 12.61 ± 1.07 a 106.3 ± 4.13 a 115.46 ± 5.72 a 51.20 ± 3.16 a 6.56 ± 1.52 a 2.12 ± 0.91 a 300.71 a ± 11.43 1.45 ± 2.05 a 1.58 ± 0.00 a

2,5-DHBA—2,5-dihydroxybenzoic acid; 4-HBA—4-hydroxybenzoic acid; CGA—chlorogenic acid; CA—chlorophyll A; CB—chlorophyll B; TC—total carotenoids. a,b rows of different
lowercase letters show significant (p < 0.05) differences between mean values.
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The cornelian cherry liquor and brandy distillates were characterized by an ethanol
content representing 99.58% and 99.77% of all volatile compounds, respectively. The
aldehyde concentrations in the two samples (156.90 and 158.09 mg/L) were not significantly
different (p < 0.05) (Table 4) and complied with the requirements for raw fruit spirits
(<0.2 g/L of spirit 100%; PN-A-79523). Tesević et al. [20] noted a slightly higher average
concentration of acetaldehyde of 18.96 g/hL (189.60 mg/L) in alcoholic beverages obtained
from the fruits of cornelian cherry. However, the concentration of alcohols in cornelian
cherry liquor (17.53 mg/L) was significantly (p < 0.05) higher than in cornelian cherry
brandy (7.23 mg/L), but both values are below the acceptable standard (<4.0 g/L of raw
fruit spirit 100% and <1.0 g/L of spirit 100% for liquors). Higher average values of alcohols
(327.80 g/hL) were detected by Tesević et al. [36]. Methanol accounted for the largest
percentage of all the other volatile compounds in both liquor (0.19%) and brandy (0.10%)
(Figure 1). The methanol levels determined in this study were lower than those determined
by both Tesević et al. [20] (613 g/hL) and Alonso et al. [37] (113.9–349.6 g/hL). The contents
of methanol (342.15 and 264.31 mg/L for cornelian cherry liquor and brandy, respectively)
were in line with the maximum limit for methanol in fruit distillates, which is 1000 g/hL of
100% spirit (EC 110/2008) [19] and 0.8 g/L in raw fruit spirit (PN-A-79523) [20].

Table 4. The concentration (mg/L 100% spirit) of volatile compounds in distillates from cornelian
cherry liqueur and brandy.

Compound (PubChem CID) Description of the Odor Cornelian Cherry Liqueur Cornelian Cherry Brandy

Aldehydes

Ketones
Esters

Higher alcohols

Others
Methanol (887)
Total volatiles

acetaldehyde (177)
1.1-diethoxyethane (92620)

propan-2-one (180)
ethyl acetate (8857)

ethyl pentanoate (10882)
propyl acetate (7997)

butan-1-ol (263)
3-methylbutan-1-ol (31260)

hexan-1-ol (8103)
heptan-1-ol (8129)

2-phenylethanol (6054)
2.3.5-trimethylpyrazine (26808)

fruity
fruity

solvent-like, pungent
solvent-like

fruity
petrol-like

medicinal, fusel
fusel oil

fatty, fruity, woody
not found

floral, honey-like
earthy

pungent, aromatic
-

146.57 ± 0.82 b

15.11 ± 1.76 a

47.12 ± 0.44 b

149.68 ± 3.06 b

3.60 ± 0.33
15.81 ± 0.05 a

3.67 ± 0.18 b

2.11 ± 0.16 b

2.21 ± 0.50
3.81 ± 0.33 b

4.69 ± 1.10
3.38 ± 0.03 b

342.15 ± 1.46 b

737.36 ± 11.39 b

127.87 ± 3.77 a

29.42 ± 2.25 b

33.01 ± 1.02 a

133.26 ± 5.25 a

2.95 ± 0.48
31.61 ± 2.70 b

2.62 ± 0.03 a

1.19 ± 0.01 a

1.66 ± 0.04
2.28 ± 0.10 a

nd
1.85 ± 0.07 a

264.31 ± 9.88 a

632.84 ± 26.61 a

a,b rows of different lowercase letters show significant (p < 0.05) differences between mean values; nd—not de-
tected. Odors based on: Leibniz-lsb@TUM Odorant Database (https://www.leibniz-lsb.de/en/databases/leibniz-
lsbtum-odorant-database/start/ (Accessed on 15 January 2024)) and The Good Scents Company Information
System (https://www.thegoodscentscompany.com/ (Accessed on 15 January 2024)).

Significant differences in antiradical capacity were observed between the liquor and
the brandy (Table 5). The tested beverages scavenged DPPH radicals more efficiently than
ABTS cationic radicals (over 125-fold better for liquor). What is more, the brandy, which
was a better ABTS-scavenging agent, was found to be threefold less effective at quenching
DPPH radicals than the liquor. These differences may result from various concentrations
of the bioactive compounds in these two beverages. In the preliminary study [35], the
antiradical activities of ABTS and DPPH were 12.1 and 14.5 mM Trolox, respectively. The
tenfold higher DPPH scavenging strength obtained in this study may be attributed to the
difference in ethanol–water ratios. In a study by Sun et al. [38], 75% ethanol was the best
solvent for obtaining a high-antiradical extract with a total phenolic count of 164.2 mg
gallic acid per g and a total flavonoid content of 282.8 mg rutin per g. The ABTS and
DPPH results were similar in low-alcoholic Cornus-mas-based fermented beverages and
worts [39]. However, in the case of fermented products, anti-radical capacity changes with
fermentation time and the concentration of secondary metabolites [40]. Moreover, the
results collected for the alcoholic beverages in this study are also in line with those from our
previous paper dedicated to the antioxidant activity of aqueous and 40%-ethanol extracts
of cornelian cherry fruits. In that work, the ABTS results were noticeably related to electron-
transfer activity measured using cycle voltammetry (CV) and square-wave voltammetry

https://www.leibniz-lsb.de/en/databases/leibniz-lsbtum-odorant-database/start/
https://www.leibniz-lsb.de/en/databases/leibniz-lsbtum-odorant-database/start/
https://www.thegoodscentscompany.com/


Processes 2024, 12, 237 11 of 14

(SWV) techniques. This tendency results from the single-electron transfer (SET) mechanism,
which plays a key role in ABTS and DPPH scavenging tests [41]. However, according
to Ivanova et al. [42], DPPH also involves a hydrogen active transfer (HAT) mechanism,
which could result in a negative relationship with the CV and SWV findings. As part of the
side reactions between the extract constituents, an oxygen may have been recorded and
affected the overall electrochemical signal.
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ethanol in cornelian cherry liquor distillate and 99.77% ethanol in cornelian cherry brandy distillate).

Table 5. Antiradical activity of the tested beverages.

Sample ABTS (mM Trolox) * DPPH (mM Trolox) †

liquor 1.3 a ± 0.4 163.6 a ± 24.9
brandy 2.6 b ± 0.5 52.9 b ± 1.3

* N = 5; † N = 3; superscript lowercase letters indicate significant differences between samples (p < 0.05).

Additionally, we noted a negative relationship between ABTS- and DPPH-scavenging
activities. However, this contradiction may originate from the different tendencies of
secondary plant metabolites to react with a single radical rather than from any side reaction
affecting the measurement. In our previous paper, we noted a relationship between
ABTS-scavenging results and total phenolic count measured using the Folin–Ciocalteu
reagent [17]. The reagent’s activity is based on SET, similar to ABTS. For the Folin–Ciocalteu
reagent, ellagic acid, quercetin, and rutin showed strong interactions, while the highest
activity against ABTS was noted for flavanol monomers and oligomers [43,44]. However,
quercetin also had high activity against ABTS in the cited study.

Meanwhile, the highest activities against DPPH were noted for chlorogenic acid,
quercetin 3-(malonylglycoside), rutin and isoquercetin [45]. On the other hand, Platzer
et al. [44] observed the highest activity against DPPH for flavanol oligomers. Also, other
works have shown that tannins play a key role in DPPH scavenging [46,47]. However, we
did not analyze the prepared alcoholic beverages for tannin content, and so we cannot
confirm this tendency.

Cinnamic acid derivatives may also be very potent antioxidants due to their ability
to act via the HAT mechanism, forming a stable phenoxyl radical [48,49]. The high-DPPH
activity of the liquor may have resulted from the presence of cinnamic acid, as the content
of this compound was significantly higher that in the brandy (Table 3).
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4. Conclusions

Cornelian cherry (Cornus mas L.) may be a good raw material for alcohol production.
The use of frozen C. mas fruits allowed the preparation of two products in a single process,
which may be consistent with a “zero waste” strategy. After the first maceration, the fruits
are subjected to a subsequent process with the addition of inverted saccharose. Thus, it is
possible to obtain a product with a high antiradical effect and high content of polyphenols.
Recycling the fruits after the first maceration process allows the development of a new
product with noticeable functional and sensory properties and with low amygdalin content.

The modeling of amygdalin showed that its optical and spectrochemical properties are
similar to those of water and ethanol solvents, which enables the application of methods of
amygdalin determination to all ethanol–water matrices with no difference in the ratio of the
solvents. Also, the fact that the maximum value of amygdalin absorption is 235 nm should
be considered in the design of future chromatographic and spectrochemical methods.

The prepared liquor showed significantly higher antioxidant activity against DPPH
and the concentration of volatile compounds. Although almost no perceivable differences
were found between the two spirits in terms of their smell and aroma, the prepared brandy
had a stronger sensory bouquet and more intense and appealing colors.

To conclude, we obtained two interesting alcoholic beverages from one raw material,
which could satisfy the demands of different customers, and may be produced in one
manufacturing process.
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Characterization of Volatile Compounds of “Drenja”, an Alcoholic Beverage Obtained from the Fruits of Cornelian Cherry. J.
Serbian Chem. Soc. 2009, 74, 117–128. [CrossRef]

37. Alonso, E.; Torrado, A.; Guerra, N.P. Major Volatile Composition of Four Distilled Alcoholic Beverages Obtained from Fruits of
the Forest. Chem. Eng. Trans. 2015, 44, 253–258. [CrossRef]

38. Sun, C.; Wu, Z.; Wang, Z.; Zhang, H. Effect of Ethanol/Water Solvents on Phenolic Profiles and Antioxidant Properties of Beijing
Propolis Extracts. Evid.-Based Complement. Altern. Med. 2015, 2015, 595393. [CrossRef] [PubMed]

39. Adamenko, K.; Kawa-Rygielska, J.; Kucharska, A.; Piórecki, N. Fruit Low-Alcoholic Beverages with High Contents of Iridoids
and Phenolics from Apple and Cornelian Cherry (Cornus mas L.) Fermented with Saccharomyces Bayanus. Pol. J. Food Nutr. Sci.
2019, 69, 307–317. [CrossRef]

40. Polanowska, K.; Varghese, R.; Kuligowski, M.; Majcher, M. Carob Kibbles as an Alternative Raw Material for Production of Kvass
with Probiotic Potential. J. Sci. Food Agric. 2021, 101, 5487–5497. [CrossRef]

41. Siddeeg, A.; AlKehayez, N.M.; Abu-Hiamed, H.A.; Al-Sanea, E.A.; AL-Farga, A.M. Mode of Action and Determination of
Antioxidant Activity in the Dietary Sources: An Overview. Saudi J. Biol. Sci. 2021, 28, 1633–1644. [CrossRef] [PubMed]

42. Ivanova, A.; Gerasimova, E.; Gazizullina, E. Study of Antioxidant Properties of Agents from the Perspective of Their Action
Mechanisms. Molecules 2020, 25, 4251. [CrossRef]

43. Everette, J.D.; Bryant, Q.M.; Green, A.M.; Abbey, Y.A.; Wangila, G.W.; Walker, R.B. Thorough Study of Reactivity of Various
Compound Classes toward the Folin-Ciocalteu Reagent. J. Agric. Food Chem. 2010, 58, 8139–8144. [CrossRef]

44. Platzer, M.; Kiese, S.; Herfellner, T.; Schweiggert-Weisz, U.; Miesbauer, O.; Eisner, P. Common Trends and Differences in
Antioxidant Activity Analysis of Phenolic Substances Using Single Electron Transfer Based Assays. Molecules 2021, 26, 1244.
[CrossRef]

45. Katsube, T.; Imawaka, N.; Kawano, Y.; Yamazaki, Y.; Shiwaku, K.; Yamane, Y. Antioxidant Flavonol Glycosides in Mulberry
(Morus Alba L.) Leaves Isolated Based on LDL Antioxidant Activity. Food Chem. 2006, 97, 25–31. [CrossRef]

46. Peng, K.; Lv, X.; Zhao, H.; Chen, B.; Chen, X.; Huang, W. Antioxidant and Intestinal Recovery Function of Condensed Tannins in
Lateolabrax Maculatus Responded to in Vivo and in Vitro Oxidative Stress. Aquaculture 2022, 547, 737399. [CrossRef]

47. Gao, N.; Cui, H.; Lang, Y.; Zhang, W.; Shu, C.; Wang, Y.; Bian, Y.; Li, D.; Li, B. Conversion of Condensed Tannin from Chokeberry
to Cyanidin: Evaluation of Antioxidant Activity and Gut Microbiota Regulation. Food Res. Int. 2022, 158, 111456. [CrossRef]
[PubMed]

48. Magalhães dos Santos, D.; Sanches, M.P.; Poffo, C.M.; Parize, A.L.; Sagrera Darelli, G.J.; Rodrigues de Lima, V. Syringic and
Cinnamic Acids Antiradical/Antioxidant Activities as R. Ferruginea Extract Components and Membrane Physico-Chemical
Influence. J. Mol. Struct. 2020, 1220, 128749. [CrossRef]

49. Bayrakçeken Güven, Z.; Saracoglu, I.; Nagatsu, A.; Yilmaz, M.A.; Basaran, A.A. Anti-Tyrosinase and Antimelanogenic Effect of
Cinnamic Acid Derivatives from Prunus Mahaleb L.: Phenolic Composition, Isolation, Identification and Inhibitory Activity. J.
Ethnopharmacol. 2023, 310, 116378. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.17221/13/2020-CJFS
https://doi.org/10.2298/JSC0902117T
https://doi.org/10.3303/CET1544043
https://doi.org/10.1155/2015/595393
https://www.ncbi.nlm.nih.gov/pubmed/26351514
https://doi.org/10.31883/pjfns/111405
https://doi.org/10.1002/jsfa.11197
https://doi.org/10.1016/j.sjbs.2020.11.064
https://www.ncbi.nlm.nih.gov/pubmed/33732049
https://doi.org/10.3390/molecules25184251
https://doi.org/10.1021/jf1005935
https://doi.org/10.3390/molecules26051244
https://doi.org/10.1016/j.foodchem.2005.03.019
https://doi.org/10.1016/j.aquaculture.2021.737399
https://doi.org/10.1016/j.foodres.2022.111456
https://www.ncbi.nlm.nih.gov/pubmed/35840192
https://doi.org/10.1016/j.molstruc.2020.128749
https://doi.org/10.1016/j.jep.2023.116378
https://www.ncbi.nlm.nih.gov/pubmed/36924865

	Introduction 
	Material and Methods 
	Cornelian Cherry Liquors 
	Analytical Methods 
	Basic Physicochemical Parameters 
	Amygdalin Concentration 
	In Silico Calculation of Amygdalin Properties and UV-VIS Spectra 
	Determination of Polyphenol Concentrations 
	Chlorophyll and Total Carotenoid Fractions 
	Antiradical Capacity 

	Statistical Analysis 

	Results and Discussion 
	Conclusions 
	References

