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INTRODUCTION

Two fractions of  bird tree, fruit and bark, are currently used 
in food technology and diet therapy. These raw materials 
have high antioxidant potential that stems from the high 
content of  polyphenolic compounds. Although bird tree 
bark contains many bioactive chemical compounds, it is 
particularly rich in catechins (Telichowska et al., 2021). 
Catechin and its derivatives are believed to contribute 
to the beneficial effects of  herbal and tea  infusions and 
are effective scavengers of  reactive oxygen species in vitro, 
and may indirectly act as antioxidants through their impact 
on transcription factors and enzyme activity (Higdon & 
Frei, 2003).

Type 2 diabetes mellitus is a chronic metabolic disorder that 
is characterized by high blood glucose levels (De Boer et al., 
2017). Despite the availability of  effective drug treatments 
of  type 2 diabetes, drug resistance is increasingly often 
observed. In carbohydrate metabolism, it is important 

to delay glucose absorption by inhibiting enzymes such as 
alpha-glucosidase.

Alpha-glucosidase belongs to the class of  hydrolases. 
It is produced by glands located in the puoches of  the 
small intestine (Kim et al., 2008). The specificity of  
alpha-glucosidase is mainly directed towards hydrolysis 
of  alpha-1,4-glycosidic bonds of  oligosaccharides and 
polysaccharides, although in the case of  the latter, the 
reactions occur more slowly or do not occur at all. The 
end product of  the reaction is glucose, which is absorbed 
from the digestive system into the bloodstream. As a result 
of  the activity of  alpha-glucosidase inhibitors, breakdown 
of  polysaccharides in the gastrointestinal tract is reduced, 
and, thus, so is the amount of  glucose absorbed into the 
blood (Truscheit et al., 1981).

Natural resources represent a vast and highly diverse 
set of  compounds in which potential therapeutic agents 
can be sought. Currently, scientists are looking for new, 
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natural preparations that may have an impact on lowering 
the activity of  alpha-glucosidase. Numerous medical and 
nutritional studies have shown that natural polyphenols play 
a key role in the prevention and control of  various disease. 
Adequate content and proportion of  phytochemicals in 
plant materials may have therapeutic significance and help 
the treatment of  diabetes.

Insulin resistance is a key defect associated with obesity 
and type 2 diabetes. The exact factors that lead to insulin 
resistance have not been fully elucidated, but there is a strong 
association between insulin resistance and abnormal lipid 
accumulation in insulin target tissues. Chronic production 
of  reactive oxygen species (ROS) by the mitochondria may 
also contribute to the development of  insulin resistance. 
Oxidative imbalance in cells is a factor in increased 
susceptibility  to  the  development  of   inflammation  and 
disease. Therefore, protective and antioxidant enzymes 
such as glutathione peroxidase, glutathione oxidase, and 
catalase can be potential protection for cells. The enzyme 
catalase (CAT) is involved in the body’s enzymatic defense 
against free radicals. Catalyzes the reduction reaction of  
hydrogen peroxide leading to the formation of  molecular 
oxygen and water. Glutathione (GPx) in oxidized form 
(glutathione peroxidase) participates in the first and 
second lines of  defense against free radicals. It protects 
cells against peroxides produced in the biochemical 
process. Glutathione peroxidase is a metalloenzyme and 
participates in the reduction of  hydrogen peroxide with 
the simultaneous transformation of  reduced glutathione 
into its oxidized form. The enzyme glutathione peroxidase 
(GPx) requires the presence of  selenium and glutathione to 
function properly. Literature data show that the excess of  
free radicals decreased mitochondrial function associated 
with insulin resistance in model animal systems (Boudina 
et al., 2007; Harmon et al., 2009; Højlund et al., 2003) There 
are also studies in which the unexpected consequence of  
overexpression of  GPx in mice is the development of  
insulin resistance, hyperinsulinemia, and obesity (McClung 
et al., 2004).

Extraction method - selection of  process parameters as 
well as the extractant is an important step in the process 
of  extracting bioactive components from the plant matrix. 
The extracted components vary in terms of  their structure, 
and their chemical structure and interactions with other 
nutrients  are  not  yet  fully  understood  and  are  difficult 
to predict.

Polyphenols, which are the dominant group of  bird 
tree phytochemicals, are also susceptible to oxidation 
(Telichowska, Kobus-Cisowska, Stuper-Szablewska, 
et al., 2020). High temperature and alkaline conditions 
cause their degradation. Studies on plants of  the Prunus 

species conducted so far, have been focusing on phenolic 
acid  content,  flavonoids,  antioxidant  activity  and many 
other issues. However, differences in antioxidant activity 
that depend on the extractants used have not yet been 
investigated for bird tree bark and fruit. In previous 
papers we demonstrated that due to the content of  diverse 
groups of  compounds, individual parts of  the bird tree 
can exhibit many properties that are beneficial to human 
health (Telichowska, Kobus-Cisowska, Ligaj, et al., 2020; 
Telichowska, Kobus-Cisowska, Stuper-Szablewska, et al., 
2020).

The aim of  the paper was to assess the impact of  the 
way of  bird tree (P.padus) fruit and bark extraction on the 
antioxidant potential and the assessment of  inhibitory 
activity against alpha-glucosidase, catalase and glutathione 
reductase and peroxidase.

Material
The study was conducted using bird cherry (P.padus) bark 
and fruits (Fig. 1) from an orchard in Ozierany Małe in 
the region of  Podlasie, Poland (53º 13’ 14.865” N 23º 51’ 
9.327” E). The mean rainfall during the growing season 
was 317 nm per square meter, with an average temperature 
of  14.4 °C, and the macronutrient content in the orchard 
soil was at a moderate level.

The bark and fruits was stored frozen (temperature = - 28 °C) 
until the freeze-drying and extract preparation process. 

Fig 1. a) b) Prunus padus L. tree, c) Prunus padus L. fruit, d) Prunus 
padus L. bark.
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Lyophilized bird cherry fruits were grated through a sieve 
with mesh diameter of  0.5 mm.

METHODS

Extraction
Dried and shredded fruit and bark were extracted using 
distilled water at 70 °C for 60 min, acetone-water solution 
(3:2 v/v) - at 40 °C for 60 min, and ethanol (96%) - at 
40 °C for 60 min at a ratio of  2 g of  shredded material 
per 100 ml of  solvent. A single extraction was performed 
by shaking the whole at the specified temperature and over 
a specified period of  time, followed by centrifugation for 
5 min at 4500 rpm. In further stages of  the study, we used 
a clear supernatant solution, which was evaporated and/or 
lyophilized, and stored under nitrogen in dark containers 
at a temperature of  4±1 °C until the time of  conducting 
determination.

The tested extracts were designated as follows: KW - aqueous 
extract from bird cherry bark, KA - acetone-water extract 
from bird cherry bark, KE - ethanol extract from bird 
cherry bark, FW - aqueous extract from bird cherry fruit, 
FA - acetone-water extract from bird cherry fruit, and 
FE - ethanol extract from bird cherry fruit. Extraction 
parameters that included the time and temperature of  the 
processes was were selected on the basis of  literature data 
and preliminary results of  the author’s own analyses.

Antioxidant activity
Antioxidant activity with cation radical ABTS was measured 
using the Trolox Equivalent Antioxidant Capacity (TEAC) 
assay, according to the methodology previously described 
by Kobus-Cisowska et al. (2020) (Kobus-Cisowska et al., 
2020). The percent ABTS•+ sweep factor was calculated 
from the standard curve for y = 95.12x +31.54 (R2 =0.938) 
and expressed as mg Trolox Equivalent/g dry matter. 
extract.

The methodology with the DPPH radical involved 
a spectrophotometric measurement of  the level of  
reduction of  the absorbance of  DPPH (2,2-diphenyl-1-
picrylhydrazyl) solution at 517 nm, in the presence of  free 
radicals (Kobus-Cisowska et al., 2020). The percentage of  
DPPH radical scavenging was estimated on the basis of  the 
standard curve for y = 185.21x + 19.33 (R2 = 0.941) and 
presented in mg Trolox Equivalent/1 g dry matter. extract.

Antioxidant properties of  aqueous extracts were determined 
using an iron reduction assay (the FRAP method), in 
accordance the procedure described by O’Sullivan et al. 
(2013) (O’Sullivan et al., 2013). The method consisted 
in forming an antioxidant and iron complex (Fe2+) 

by attaching a metal ion by an antioxidant molecule 
containing a free pair of  electrons via a coordination bond 
(Tang et al., 2002), chelating activity was expressed in %.

The method consisted in forming an antioxidant and 
iron complex (Fe2+) by attaching a metal ion by an 
antioxidant molecule containing a free pair of  electrons 
via a coordination bond (Tang et al., 2002). Change 
in the colour of  the reaction system was recorded 
spectrophotometrically at a wavelength of  562 nm, and 
chelating activity was expressed in %.

In the last two methods, the samples were prepared and 
tested at five different concentrations: 200 ppm, 300 ppm, 
400 ppm, 600 ppm and 800 ppm for each raw material 
(ppm = part per million).

HPLC determination of phenolic acids and flavonols
Phenolic compounds in water samples only were analyzed 
after alkaline and acidic hydrolysis. The procedure was 
based on the method published by Telichowska et al. (2021) 
(Telichowska et al., 2021). The analysis was performed 
using an Aquity H class UPLC system equipped with Waters 
Acquity PDA detector (Waters, USA). Chromatographic 
separation was performed using Acquity UPLC® BEH 
C18 column (100mm×2.1mm, particle size 1.7μm) (Waters, 
Ireland). The results were expressed as percentage share 
of  the conent of  each component.

Inhibition of alpha-glucosidase
The inhibition of  alpha-glucosidase by P.padus bark 
and fruit aqueous extracts was determined using the 
spectrophotometric method described by Telagari et al. 
(2015) (Telagari & Hullatti, 2015) with minor modifications. 
Briefly,  50 μl of  sample solution or acarbose (positive 
control) with various concentrations, 50 μl of  0.1 M 
phosphate buffer (pH 6.8) and 30 μL alfa-glucosidase 
solution (1.0 U/ml) were pre-incubated in 96 well plates 
at 37 °C for 15 min. Then, 20 μl of  5 mM p-nitrophenyl-
α-D-glucopyranoside (pNPG) solution in 0.1 M phosphate 
buffer (pH 6.8) was added and incubated at 37 °C for 
20 min. The reaction was terminated by adding 100 μL of  
sodium carbonate Na2CO3 (0.2 M) into the mixture. The 
absorbance of  the liberated p-nitrophenol was measured 
at 405 nm (Multiskan GO 1510, Thermo Fisher Scientific, 
Vantaa, Finland). The absorbance of  enzyme solution but 
without plant extracts/acarbose served as the control with 
total enzyme activity. The absorbance in the absence of  
the enzyme was used as the blind control. The enzyme 
inhibition rate expressed as a percentage of  inhibition 
was calculated using the following formula: % inhibition 
activity = ((AC –AS)/AC)*100, where AC is the absorbance 
of  the control (100 % enzyme activity) and AS is the 
absorbance of  the analysed sample. Two independent 
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experiments were carried out in triplicate for the analysed 
extracts. Results were expressed as means ± SD. The 
IC50 values were calculated using OriginPro 9 software 
with nonlinear regression. IC values50 (the amount of  
lyophilizate/reference substance needed to inhibit 50% of  
alpha-glucosidase activity) were calculated using the linear 
interpolation method between values above and below 
50% of  activity.

Inhibition of glutathione reductase, inhibition of 
glutathione peroxidase and catalase
The ability to inhibit glutathione reductase was performed 
according to the method of  Moreira et al. (2014) (Moreira 
et al., 2014). One unit of  enzyme activity was defined as 
nmol NADPH consumed/min • mL of  sample, compared 
to nmol NADPH consumed/min in the blank.

Inhibition of  glutathione peroxidase was performed 
according to the method described by Singh et al. (2000) 
(Singh et al., 2000) with its own modifications previously 
described by Telichowska et al. 2021 (Telichowska et al., 
2021). One unit of  enzyme activity was defined as nmol 
of  NADPH consumed/min • mL of  sample, compared to 
nmol of  NADPH consumed/min in the blank (reagent) 
(Singh, Padmavathi & Rao, 2000). Samples were analyzed 
in at least four replicates.

Catalase activity inhibition by a modified method 
according to Watanabe et al. (2007) (Watanabe et al., 
2007), modifications  are described  in Telichowska et  al. 
2021 (Telichowska et al., 2021). The inhibitory activity was 
calculated from the formula: Inhibition [%] = 100 - 100 × 
(Sample Abs. 0 min - Sample Abs. 2 min)/(Control Abs. 
0 min - Control Abs. 2 min.).

Statistical analysis
The routine statistical tests (average values and standard 
deviation) were tested. Statistical diffrences were calculated 
using Turkey’s HSD test with significant diffrences 
identified at p<0.05 (Statistica Software ver.13.1 StatSoft, 
Cracow, Polnad).

RESULTS

Antioxidant activity of the tested extracts from the 
bark and fruit of P.padus
The prepared extracts were screened for antiradical activity 
using spectrophotometric methods. Water, acetone/water 
mixture and ethanol were used as extractants. All tested 
extracts showed antioxidant activity that depended on 
the type of  the raw material and extractant. The highest 
antioxidant activity measured using the ABTS test was 
observed in the case of  ethanolic and acetone-water extract 
from bird cherry fruits (FE - 1.23c±0.01mM Trolox/g d.m. 

and FA - 1.22c±0.02 mM Trolox/g d.m.), there were 
also two other extracts that showed a high value, i.e. KA 
extract - acetone-water extract from bird cherry bark 
(1.22c±0.04 mM Trolox/g d.m.) and water extract from 
bark - KW 0.94b±0.02mM Trolox/g d.m.

In addition, the study included an evaluation of  the 
activity concerning the scavenging of  DPPH radicals. 
The study showed that the ethanolic extract from fruits 
was most active against DPPH radicals (FE 2.43d±0.13 
mM Trolox/g d.m.), two other extracts also showed high 
capacity in the test (FA - 2.32c±0.04 mM Trolox/g d.m. 
and KW - 2.01c±0.01 mM Trolox/g d.m.). On the other 
hand, the aqueous extract of  bird cherry fruit (FW) had 
the lowest antiradical activity, both in the ABTS and DPPH 
test, and showed values of, respectively, 0.89a±0.02 mM 
Trolox/g d.m. and 1.76b±0.09 mM Trolox/g d.m. (table 1).

Extracts of  bird cherry fruit and bark were characterized with 
regard to their ability to reduce Fe(III) ions to Fe(II). Results 
of  analyses were expressed by absorbance at λ = 765 nm, 
and are shown in Fig. 2. Concentrations of  the extracts 
were determined experimentally in such a way that the 
absorbance of  the samples be in the range of  0.1-0.9.

All analysed extracts showed reducing power dependent 
on an extract concentration. The bark ethanolic extract 
(KE) at a concentration of  800 ppm had the highest 
reducing power, while the aqueous extract of  bird cherry 
fruit (FW) showed the lowest activity. However, the highest 
absorbance value, indicating a high capacity to reduce iron 
ions, was shown for the ethanol extract of  bark (KE) at 
all analysed concentrations. It was found that the activity 
of  the extract of  bark (KE) hiked at the third analysed 
concentration and further remained stable. Perhaps the 
reason is that compounds act up to a certain point as 
antioxidants, however, plant phenols (like vitamin C) 
sometimes stimulate processes of  an oxidative nature 
by reducing transition metals.

Fig. 3 shows the results of  evaluating the chelating activity 
of  extracts of  bird cherry bark and fruit. It was found that 
the analysed extracts showed activity to chelate iron ions, 
which depended on both the solvent used for extraction 
and the type of  material from which the extract was 
obtained. The highest chelating activity was found for 
acetone-water extract of  bird cherry bark (KA) – 44.87 % 
at 800 ppm concentration. When it comes to the analysed 
fruit extracts, the aqueous extract of  bird cherry fruit and 
the ethanol extract chelated the least iron ions, i.e. from 
12.65 % (FW) at the lowest concentration (200 ppm) 
to 38.87 % (FE) at the highest concentration (800 ppm). 
Out of  all the analysed bird cherry extracts, the lowest metal 
chelating capacity was shown for the acetone-water extract 



Fig 2. The reducing activity of iron ions of bird cherry bark and fruit 
extracts. 

 Fig 3. Chelating activity of extracts of bird cherry bark and fruit.
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of  bird cherry fruit (FA) – 10.87%. It was also found that 
an increase in the concentration of  extracts from 200 ppm 
to 800 ppm had the greatest effect on the acetone-water 
extract of  bird cherry bark (KA), and the chelating activity 
of  this extract increased 2.5-fold.

The polyphenolic content in aqueous extracts of 
P.padus bark and fruit
Aqueous extracts of  bird cherry bark and fruit were 
investigated for polyphenolic content. When it comes 
to flavonols,  the  extract  of   bird  cherry  fruit  contained 
the most compounds such as catechin (over 75%) and 
quercetin (over 18%) (Fig. 4). Naringenin and kaempferol 
were smaller contributors. Chlorogenic acid (more than 
25%), p-coumaric acid (more than 25%), and ferulic acid 
(more than 20%) were found to be dominant phenolic 
acids, while syringic acid was found to be the least dominant 
phenolic acid.

In the extract of  bird cherry bark, however, the dominant 
polyphenols included catechin (over 65%), quercetin (over 
40%), ferulic acid (over 45%), hydroxybenzoic acid (over 
25%), and p-coumaric acid (over 20%). In contrast, the bark 
had low levels of  compounds such as caffeic acid, rutin, 
kaempferol and apigenin in its composition.

Inhibition of alpha-glucosidase activity
Alpha-glucosidase is an enzyme involved in break-down 
of  complex carbohydrates (di-, oligo- and polysaccharides) 
into simple sugars (e.g. into glucose). On the other hand, 
alpha-glucosidase inhibitors inhibit the breakdown of  the 
alpha bonds of  carbohydrates, reducing the absorption 
of  glucose from the gastrointestinal tract into the blood, 
which ultimately contributes to a reduction in postprandial 
glycaemia. Three inhibitory drug compounds are currently 
used in the treatment of  diabetes: acarbose, voglibose and 
miglitol. Acarbose acts primarily in the intestines and is 
virtually not absorbed from the gastrointestinal tract into 
the blood. Importantly, due to its mechanism of  action, 
acarbose is only effective when consumed with food 
that includes products composed of  polysaccharides. 
The extracts of  analysed raw materials were tested at 
concentrations of  165-300 μg/mL. Moreover, IC50 was 
measured for these extracts and acarbose.

The analysis of  the obtained results showed that the 
analysed bark extracts had a higher alpha-glucosidase 
inhibition capacity, which for the analysed concentrations 
ranged from 20.43% to 89.91% (Table 2) and was stronger 
than the fruit extract, whose activity was determined 
in the range of  16.77-78.68 % (Table 2). When tested 
as a standard, acarbose was the most potent inhibitor. 
According to the study results, IC50 for acarbose was 
lower by more than 20-fold compared to the analysed 
extracts, which is equivalent to higher acarbose activity as 
an inhibitor.

Inhibition of glutathione reductase, inhibition of 
glutathione peroxidase and catalase
The enzymatic antioxidant barrier is formed by enzymes 
such as catalase, glutathione peroxidase, and glutathione 
reductase. Under physiological conditions, these enzymes 
interact with each other, and therefore inactivation of  any 
of  these enzymes weakens the body’s antioxidant defense. 
The lowest ability to inhibit glutathione reductase was 

Table 1: Ability to scavenge ABTS radicals and DPPH radicals by extracts from bark and fruit of bird cherry
Sample KW KA KE FW FA FE
ABTS
(mM Trolox/ g d.m.) 0.94b±0.02 1.22c±0.04 0.76a±0.11 0.89a±0.02 1.22c±0.02 1.23c±0.01
DPPH
(mM Trolox/ g d.m.) 2.01c±0.01 1.23a±0.02 1.32a±0.02 1.76b±0.09 2.32c±0.04 2.43d±0.13
Data represent the mean values from three repetitions of two series and standard deviation. Mean values marked with different capital letters in the same row 
indicate significance of differences (p≤0.05)
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demonstrated by water extract from bird cherry fruits 
(FW - 71.0a ± 1.7%), and the highest ethanol extract 
from bird cherry bark (KE - 77.6a ± 1.7%). In the case 
of  the ability to inhibit glutathione peroxidase, the lowest 
value was determined for the acetone-water extract from 
fruit (FE - 58.3a ± 0.7%) and acetone-water extract from 
bark (KA - 58.3a ± 1.1%), and the water extract was the 
most active. from bark (KW - 63.8a ± 2.0%). In the case 
of  catalase inhibition studies, the lowest activity was 
demonstrated by the acetone-water extract from fruit 
(FA - 41.1a ± 0.8%), and the highest by water extract from 
bird cherry fruit (FW - 60.2c ± 0.9%) (table 3).

DISCUSSION

Currently, there are many different methods of  antioxidant 
compound extraction from plant raw materials, of  which 
solvent extraction is the most common technique for 
isolating polyphenols (Mišan et al., 2010). Active compounds 
are mainly secondary metabolites that include polyphenols. 
The solubility of  polyphenols in extractants is related 
to the solvent polarity, the degree of  depolymerization, 
the interaction of  polyphenols with other components or 

the formation of  insoluble complexes. This study shows 
that, depending on the solvent used, antioxidant activity 
assays obtained extracts with different activities. This is 
due to the amount and proportion of  active compounds 
that dissolve in an extractant. Flavonoids in the form of  
glycosides are soluble in water as well as in ethyl and methyl 
alcohol, whereas aglycones are soluble in organic solvents. 
The extraction time can take up to 24 hours, depending on 
the specific nature and fineness of  a plant material, and this 
time can be reduced by using, e.g., an ultrasonic bath. In 
this study, different extraction time was used for selected 
solvents. On the other hand, it is known that time extension 
is not always associated with an increase in the content of  
bioactive compounds. In this study, the 60 min extraction 
time, compared to previous studies (Telichowska, Kobus-
cisowska, et al., 2020; Telichowska, Kobus-Cisowska, 
Ligaj, et al., 2020; Telichowska, Kobus-Cisowska, Stuper-
Szablewska, et al., 2020) where the aqueous extraction time 
was 15 min, probably caused the degradation of  bound 
forms and perhaps inactivation of  some compounds. Thus, 
the extraction method determines the content of  each 
compound. According to the presented studies, extracts 
of  bird cherry fruit usually scavenged radicals to a greater 
extent, while extracts of  bark had higher reducing and 
chelating activities. The final  antioxidant effect of  plant 
raw materials is thus difficult to predict.

Sile et al. (2021) examined the total phenolic content and 
DPPH antiradical activity of  ethanolic extracts of  P.padus 
flowers (Sile et al., 2021). The total phenolic content was 
85.19 mg GAE/g of  extract, and the EC50 value in the 
DPPH assay was 0.55 mg/ml (Sile et al., 2021). In this 
study, however, the highest antiradical activity measured 
by the DPPH assay was observed for the ethanolic extract 
of  fruit (2.43d±0.13 mM of  Trolox/g DM). In another 
study, methanolic extracts of  P.padus flowers  and  leaves 

Table 2: Inhibition of alpha-glucosidase in extracts of bird 
cherry fruit and bark
Concentration
(µg/mL)

Prunus padus L.
fruit (%)

Prunus padus L.
bark (%)

Acarbose

165 16.77a±0.09 20.43b±0.11 -
200 23.59a±0.21 36.72b±0.13 -
235 32.02a±0.33 53.25b±0.12 -
265 46.98a±0.76 76.42b±0.32 -
300 78.68a±0.63 89.91b±0.66 -
IC50 mg/mL 27.11b±0.19 44.98c±0.08 1.22a±0.07
Data represent the mean values from three repetitions of two series and 
standard deviation.
Mean values marked with different capital letters in the same row indicate 
significance of differences (p≤0.05)

Table 3: Inhibition of glutathione reductase, peroxidase and catalase
Sample (Inhibition %) KW KA KE FW FA FE
Glutathione Reductase 75.0a±1.1 72.9a±0.9 77.6a±1.7 71.0a±1.7 79.4b±0.6 72.2a±1.3
Glutathione Peroxidase 63.8a±2.0 58.3a±1.1 59.2a±2.6 62.3a±2.4 59.9a±1.2 58.3a±0.7
Catalase 47.4ab±2.0 53.2b±1.2 52.2b±0.6 60.2c±0.9 41.1a±0.8 43.4a±0.9
Results are mean values of three determinations ± standard deviation. Values sharing the same letter in a line are not significantly different (P ≤ 0.05)
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were compared for antioxidant activity using the DPPH 
radical. The activity of  leaves collected in May/June and fall 
leaves collected in July/August was evaluated. The highest 
antioxidant activity was found in leaves collected in autumn 
– 1.68 g g-1 of  DPPH (Olszewska & Kwapisz, 2011). Other 
study investigated the antioxidant activity and polyphenol 
content of  acetone-water extracts of  P.padus fruit. The total 
polyphenol content was 11,053.3±491.28 mg GAE/kg of  
fruit weight (FW), and the antioxidant activity (FRAP) was 
31.54±0.26 mM trolox/kg (Mikulic-Petkovsek et al., 2016). 
Other researchers investigated the polyphenol content of  
Prunus serotina L. fruit peel, the obtained results showed 
that it correlated with the antioxidant activity of  fruit 
(r = 0.875 for DPPH and r = 0.959 for FRAP) (Luna-
Vázquez et al., 2013). In this study, ethanolic extract of  
bird cherry bark had the highest reducing power, while the 
highest chelating activity was observed for acetone-water 
extract of  bird cherry bark.

High contents of  polyphenolic compounds such as 
catechin, quercetin, ferulic acid, p-coumaric acid and 
hydroxybenzoic acid were involved in the, specified in this 
study, activity of  extracts of  bird cherry bark and fruit. Sile 
et al. (2021) indicated that the main components of  the 
ethanolic extract of  P.padus flowers included diglycosides, 
quercetin, chlorogenic acid and spermidine N’, N’-
dicaffeoyl, N’-coumaroyl (Sile et al., 2021).

Other researchers indicated that caffeic acid, chlorogenic 
acid, coumaric acid, ferulic acid, dominant coumaric 
acid and 5-caffeolquinic acid 2 are mainly involved in 
the antioxidant activity of  P.padus fruit (Donno et al., 
2018; Kabara et al., 1972; Mikulic-Petkovsek et al., 2016). 
Moreover, the content of  ellagic acid, gallic acid and vanillic 
acid is also of  great importance (Donno et al., 2018). When 
it comes to flavonols, epicatechin and catechin as well as 
quercetin and its derivatives, hyperoside, kaempferol and 
isorhamnetin are of  antioxidant importance (Donno et al., 
2018).

These compounds are not only important as antioxidants 
but  it  is also believed that  they play a significant role  in 
the prevention and treatment of  diabetes. Synthetic alpha-
glucosidase inhibitors continue to be prescribed to control 
blood sugar levels, lowering sugar levels by slowing or 
reducing the breakdown of  carbohydrates in the intestine 
(Scheen, 2003). However,  there has been a need to find 
natural formulations that can naturally inhibit the alpha-
glucosidase activity. In this study, it was proved that an 
extract of  bird cherry bark and fruit might have such a role.

Similarly, beneficial antidiabetic effects of  P.padus have been 
confirmed by scientists in Korea for methanol extracts of  
leaves and branches. It was found that the branch extract 

showed higher activity as indicated by higher polyphenol 
content compared to the leaf  extract (Hyun et al., 2015). 
In this study, the extract of  bird cherry showed higher 
inhibitory activity against alpha-glucosidase than the extract 
of  bird cherry fruit. The interest in plant raw materials stems 
from the possibility to reduce doses of  synthetic antidiabetic 
drugs. The possibility of  reducing the dose of  acarbose 
when used together with gallic acid was proved by Oboh 
et al. (2016). The 1:1 mixture of  both compounds was found 
to inhibit glucosidase activity in 65.7% – this mixture was 
only slightly weaker than acarbose alone (66.2%) and much 
stronger than pure gallic acid (43.9±0.7%) (Oboh et al., 
2016). The mixture of  acarbose and gallic acid also inhibited 
lipid peroxidation and exhibited antioxidant activity. 
According to the authors, the use of  acarbose combined 
with gallic acid (1:1) in antidiabetic therapy may help reduce 
the side effects of  acarbose. Hence, due to its high phenolic 
acid content, the use of  bird cherry in supporting diabetes 
diet therapy may be a promising direction for further animal 
studies and clinical trials.

CONCLUSIONS

The study results consisted of  an in vitro evaluation of  
the potential for antioxidant and antidiabetic activities of  
bird cherry P.padus, which is a herbal raw material with 
multidirectional effects. So far, many conventional raw materials 
are used in the diabetes diet therapy, and the activity of  bird 
cherry in this area has not been specified yet. It was proved 
that the analysed extracts of  bird cherry fruit and bark inhibit 
alpha-glucosidase activity and they may have a supporting role 
as antioxidants. However, the method of  extraction determines 
the effect of  an extract. Different extractants can result in 
different compositions of  the extract and the way how its 
antioxidant activity works is difficult to predict.

Also, their anti-inflammatory effect determined by the 
presence of  polyphenols and proved in our other studies 
is of  great importance. Bird cherry bark and fruit may 
be ingredients in antidiabetic preparations that support 
pharmacological treatment. The effectiveness of  the mixtures 
may be due to synergism of  action between active compounds.
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