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Abstract
Edible fruits are known as source of bioactive compounds, however, growing interest in the use of plant byproducts has been 
observed in last few years. The objective of study was to compare the chemical composition, fatty acid profile, content of 
bioactive compounds, including the HPLC analysis of anthocyanins and antioxidant activity of sweet cherry fruit, petioles 
and leaves of the following cultivars: Burlat, Kordia and Regina. In the fruit, the major fatty acid was oleic acid, and in the 
petioles—palmitic acid and in the leaves—the γ-linolenic acid. The petioles were characterized by the highest antioxidant 
activity and content of polyphenols, whereas the anthocyanins were detected only in fruit. Two anthocyanins were identified: 
cyanidin 3-glucoside and cyanidin 3-rutinoside. Fruit of cultivar Kordia as well as petioles and leaves of cultivars Burlat and 
Regina had the highest antioxidant activity. There is a need for further research (especially in vivo studies). This knowledge 
can be used to create a new functional food and to better use of byproducts of sweet cherry production.
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Introduction

Fruits and vegetables are a very important part of daily diet. 
Eating 400–500 g or five portions of fruits and vegetables 
per day is recommended by WHO [1, 2]. To increase intake 
of this products, we should always include vegetables in 
meals, eat fresh fruits and raw vegetables in season as well 
as choose them as snacks [3].

Many studies indicated that consumption of fruits is 
associated with reduced risk of non-communicable dis-
eases, especially cardiovascular diseases as well as some 
types of cancers, such as colorectal, pharynx, larynx, lung, 
esophagus, stomach and cervix uterus cancers [4]. Health-
promoting potential of fruits is due to a significant content 
of bioactive compounds, especially antioxidants, which 
may scavenge free radicals, inhibit pro-oxidative enzymes 

(i.a. lipoxygenase, myeloperoxidase) and bind of metal ions 
(such as iron), thus protect against oxidation of lipids and 
proteins as well as atherosclerosis and heart diseases [5, 6]. 
The available literature showed that the fruit of sweet cherry 
contains significant amounts of polyphenols (including 
anthocyanins), vitamin C, dietary fiber as well as potassium 
and zinc [7, 8]. A number of in vitro studies have shown 
that the extracts of sweet cherry fruit possess strong antioxi-
dant activity (mainly due to high polyphenols content), may 
reduce the risk of cancer (especially colon cancer) as well 
as cardiovascular and neurodegenerative diseases [9–11].

Food producers do not take into account other than fruit 
parts of shrubs growing in the wild or fruit trees, mean-
while, studies have shown that the leaves of these plants 
are an excellent source of bioactive components [12–14]. In 
the available literature, there is little of data on the chemi-
cal composition as well as content of bioactive compounds 
in the petioles and leaves of sweet cherry; therefore, it is 
reasonable to assess not only the fruit but also other part of 
sweet cherry.

The objective of this study was to compare the basic 
chemical composition, fatty acid profile, content of bioactive 
compounds, including the HPLC analysis of anthocyanins 
as well as antioxidant activity of fruit, petioles and leaves of 
three cultivars of sweet cherry.
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Materials and methods

Reagents

All the chemicals were of analytical grade. Potassium 
persulfate, hydrochloric acid, ferric chloride hexahydrate, 
oxalic acid, sulfuric acid, sodium sulfide, mercury chlo-
ride, acetone and n-hexane were obtained from Chempur 
(Piekary Śląskie, Poland), methanol from POCh (Katowice, 
Poland), chlorogenic acid, Folin–Ciocalteu reagent, ABTS 
(2,2′-Azino-bis(3-ethylbenzthiazoline-6-sulfonic acid)), 
DPPH (2,2-diphenyl-1-picrylhydrazyl) and TPTZ (2,4,6- 
tris(2-pyridyl)-s-triazine) from Sigma-Aldrich (Saint Louis, 
MO, USA) as well as cyanidin 3-rutinoside from Polyphe-
nols AS (Sandnes, Norway).

Plant material

The fruit, petioles and leaves of sweet cherry were collected 
in 2015 and 2016 from the Experimental Station of Pomol-
ogy and Apiculture Department, in Garlica Murowana, 
University of Agriculture in Krakow (Poland). The study 
included the three cultivars of sweet cherry: Burlat, Kordia 
and Regina. The fruit together with petioles and leaves was 
randomly picked at commercial maturity of fruit: cultivar 
Burlat in the fourth week of June 2015 and in the first week 
of July 2016, cultivar Kordia in the third week of July 2015 
and 2016 as well as cultivar Regina in the fourth week of 
July 2015 and 2016. In the fresh material, the level of vita-
min C was determined. Additionally, fresh fruit, petioles and 
leaves were used for the preparation of methanolic extracts. 
Other analyzes were carried out on the freeze-dried samples. 
To prepare material for freeze drying, the fruit was cut in 
half and pitted. The half of fruit, petioles and leaves were 
transferred to plastic plate and frozen at − 80 °C. Next, the 
samples with the plates were placed in a freeze dryer [Christ 
Alpha 1–4 (Osterode am Harz, Germany)]. The process was 
continued for 48 h for fruit and 24 h for petioles and leaves. 
After freeze drying, the samples were tightly closed in a 
plastic bag to protect from moisture.

Basic chemical composition

In freeze–dried fruit, petioles and leaves, the basic chemical 
composition was determined using the AOAC methods [15]. 
The content of total proteins was measured according to 
procedure no. 950.36, crude fat—procedure no. 935.38 and 
ash—procedure no. 930.05. The level of dietary fiber was 
measured by commercially available kit (cat no. K-TDFR-
100A, Megazyme International Ireland, Wicklow, Ireland). 
The digestible carbohydrate level was calculated with the 

using of equation: digestible carbohydrates = 100 − (pro-
tein + crude fat + ash + dietary fiber) [16].

Fatty acid profile

The fatty acid profile was assessed by gas chromatography 
after extraction of lipids from the fruit, petioles and leaves 
of sweet cherry using the Folch’s method [17]. The free 
fatty acids were transformed into their respective methyl-
ated derivatives (methyl esters) in 14% (v/v)  BF3/Me–OH 
and extracted using hexane as fatty acids methyl esters and 
separated with the GC-17A-QP5050 GC-MS model (Shi-
madzu, Kioto, Japan), using the capillary SP-2560 column 
(30 m × 0.25 mm × 0.25 µm; Supelco, Bellefonte, PA, USA). 
The carrier gas was helium with the flow rate of 5 ml/min. 
The temperature of column was kept at 60 °C for 5 min and 
then increased up to 220 °C (5 ºC/min). This temperature 
was maintained for 23 min.

Extract preparation

The extracts were prepared by shaking of 1 ± 0.005 g of 
fresh sweet cherry fruit or 0.5 ± 0.003 g petioles and leaves 
in 80 ml of 70% methanol acidified HCl at room temperature 
for 2 h (Elpin Plus, water bath shaker type 357, Lubawa, 
Poland). Then the samples were centrifuged at 1500 rpm 
for 15 min (Centrifuge type MPW-340, Warsaw, Poland). 
Supernatants were stored at temperature − 20  °C until 
analysis.

Determination of selected bioactive compounds

The vitamin C content was measured in fresh material as 
sum of ascorbic and dehydroascorbic acid with using Till-
mans method, as modified by Pijanowski [16]. 10 ± 0.008 g 
of fruit as well as 5 ± 0.005 g of petioles and leaves were 
triturated using 2% oxalic acid in a porcelain mortar, then 
transferred to a 100-ml volumetric flask and made up to 
mark with 2% oxalic acid. The mixture was filtered. 10 ml 
of the filtrate was transferred to a 50-ml volumetric flask. 
Then, 3.5 ml of 0.5M sulfuric acid and 1.75 ml of 1.0M 
sodium sulfide were added. The solution was left for 10 min. 
After this time, 2.5 ml of 1.0 M mercury chloride was added. 
The content of the flask was mixed and made up to the mark 
with distilled water. The solution was filtered. 10 ml of the 
filtrate was 2,6-dichlorophenolindophenol titrated. The 
content of total carotenoids was determined spectrophoto-
metrically by extracting carotenoids from the freeze–dried 
samples using acetone–hexane mixture (4:6 v/v) according 
to the PN-EN 12136:2000. The absorbance was measured at 
450 nm using the spectrophotometer (UV-1800, RayLeigh, 
Beijing Beifen-Ruili Analytical Instrument Co., Ltd., Bei-
jing, China). The content of total polyphenols was estimated 
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spectrophotometrically in methanolic extracts with using the 
Folin–Ciocalteu reagent as previously reported [18]. The 
concentration of total anthocyanins was also studied spectro-
photometrically in methanolic extracts by the pH differential 
methods, using potassium chloride buffer, pH 1.0 (0.025 M) 
and sodium acetate buffer, pH 4.5 (0.4 M) [19]. The absorb-
ance was measured at 510 nm and 700 nm (spectrophotom-
eter UV-1800, RayLeigh, Beijing Beifen-Ruili Analytical 
Instrument Co., Ltd., Beijing, China).

HPLC analysis of anthocyanins

The HPLC analysis of anthocyanins was carried out on 
samples collected in 2016, according to modified method 
described by Goiffon et al. [20]. Analysis was performed 
using a 1200 series liquid chromatograph manufactured by 
Agilent Technologies (Palo Alto, CA, USA), equipped with 
a diode array detector (DAD) from the same manufacturer 
and LCMS-2010EV detector (Shimadzu, Kyoto, Japan). 
The separation was performed on a column with modi-
fied silica gel packing LiChrospher C18 (250 × 4.6 mm), 
particle size 5 µm (Merck KGaA, Darmstadt, Germany), 
at 30  °C. The mobile phase was a mixture of solvents: 
water:acetonitrile:formic acid (81:9:10 v/v/v). The flow rate 
of the mobile phase was 1 ml/min. The amount of injected 
solution was 10 µl. Identification of separated anthocyanins 
was based on MS spectra. The content of analyzed com-
pounds was calculated based on the cyanidin 3-rutinoside 
calibration curve with DAD detector set at a wavelength of 
520 nm.

Determination of antioxidant activity

The antioxidant activity was measured using three meth-
ods: ABTS (2,2′-Azino-bis(3-ethylbenzthiazoline-6-sulfonic 
acid)), DPPH (2,2-diphenyl-1-picrylhydrazyl) and FRAP 
(ferric reducing antioxidant power).

ABTS method

The determination of antioxidant activity using the free 
radical  ABTS•+ was estimated as previously reported by Re 
et al. [21] with minor modifications. The working solution 
was obtained by diluting the  ABTS•+ stock solution with 
70% methanol to obtain the absorbance of 0.740–0.750 at 
734 nm. A 10–200 µl of the extract [so that RSA (radical 
scavenging activity) was 50–70%] were transferred into a 
test tube and made up to 1 ml with 70% methanol. After 
mixing of a diluted extract with 2 ml of working solution of 
the  ABTS•+, the mixture was kept in dark at 30 °C for 6 min.

RSA was calculated using the equation: RSA (%) = [(
AABTS − AS)/AABTS] × 100, where AABTS is the absorbance 

of the ABTS working solution, and AS is the absorbance of 
the sample solution.

DPPH method

The DPPH assay was done according to Miliauskas et al. 
[22] with some modifications. The stock solution of 
 DPPH• was prepared by dissolving 6 mg of 2,2-Diphe-
nyl-1-picrylhydrazyl in 100 ml of methanol. The work-
ing solution was obtained by diluting the stock solution 
with methanol to obtain the absorbance of 0.900–1.000 at 
515 nm. A 10–200 µl of the extract were transferred into 
a test tube and made up to 1.5 ml with methanol. After 
mixing of a diluted extract with 3 ml of solution of the 
 DPPH•, the mixture was kept in dark at room temperature 
for 10 min.

FRAP method

The measure of the total reducing capability, using FRAP 
method, was determined as previously reported by Benzie 
and Strain [23] with adaptations. A 10–200 µl of the extract 
were transferred into a test tube and made up to 1 ml with 
70% methanol. After mixing of a diluted extract with 3 ml 
of working solution of the FRAP reagent, the mixture was 
kept in dark at room temperature for 10 min.

The absorbance of the samples was measured at 734 nm 
in ABTS, 515 nm in DPPH and 593 nm in FRAP method 
[spectrophotometer (UV-1800, RayLeigh, Beijing Beifen-
Ruili Analytical Instrument Co., Ltd., Beijing, China)]. The 
obtained values were expressed as micromoles of Trolox 
equivalent per gram of sample (TEAC).

Statistical analysis

Statistical analysis was conducted with the program Statis-
tica v. 13.1 (Tulsa, OK, USA). All assays were done in trip-
licate. Results were expressed as the means ± standard devia-
tion (SD). Data were analyzed using multiple-way analysis 
of variance (ANOVA), including the three factors: cultivar, 
part of plant and harvested year as fixed effects on chemical 
composition of sweet cherry. Exception was statistical ana-
lyze of content of total anthocyanins which was found only 
in fruits (two-way ANOVA), level of individual anthocya-
nins which was determined only in 2016 (one-way ANOVA) 
as well as concentration of fatty acids (one-way ANOVA). 
Significant differences between mean values were compared 
using Duncan’s test. Correlations between the tested features 
were examined using Pearson correlation. P values < 0.05 
were regarded as significant.
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Meteorological data

Average daily and monthly temperature as well as rainfall 
in 2015 and 2016 was obtained from Agrometeorological 
Station of Department of Ecology, Climatology and Air Pro-
tection in Garlica Murowana, University of Agriculture in 
Krakow (Poland).

Results

Basic chemical composition

The fruit of sweet cherry was characterized by the signifi-
cantly highest content of digestible carbohydrates as well as 
the lowest content of ash, protein (excluding cultivar Burlat 
from 2015), crude fat and dietary fiber in comparison to 
other parts of plant of all cultivars (Table 1). Meanwhile, the 
leaves were the richest in protein and the poorest in digest-
ible carbohydrates, which was confirmed in all cultivars. The 
leaves were also the best source of dietary fiber but excep-
tion was the cultivar Kordia and Regina collected in 2015, 
where the highest content of dietary fiber was found in the 
petioles. Among the fruit, the cultivar Kordia from 2015 was 
characterized by the highest content of ash, however, from 
2016 by the highest level of protein and crude fat in com-
parison to other cultivars. Statistically significant effect of 
cultivar on the level of fiber and digestible carbohydrates in 
fruit from both years was not found. Among the petioles, the 
cultivar Burlat from 2015 was characterized by the highest 
content of digestible carbohydrates, the cultivar Kordia from 
both years—the largest amount of ash and dietary fiber as 
well as cultivar Regina from both years—the highest level of 
protein, in comparison to other cultivars. Among the leaves, 
cultivar Burlat from 2015 was the richest in fiber as well as 
cultivars Kordia and Regina were one of the better sources 
of ash and digestible carbohydrates in 2015 and 2016. In 
the most cases, the basic chemical composition of assessed 
sweet cherry fruit, petioles and leaves of individual cultivars 
varied with harvest years.

Fatty acid profile

In the fruit, petioles and leaves of sweet cherry, the follow-
ing fatty acids have been identified: palmitic acid, stearic 
acid, oleic acid, linoleic acid and γ-linolenic acid (Table 2). 
In addition, in the petioles and leaves, eicosapentaenoic acid 
as well as behenic acid were found. In the fruit, the dominant 
fatty acid was oleic acid. The cultivar Kordia from 2015 and 
Regina from both years were the richest source of this com-
pound. In all the studied petioles, the main fatty acid was 
palmitic acid. The cultivar Burlat from 2015 was the best 
source of this component. In leaves, the most numerous fatty Ta
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acids were γ-linolenic acid. The cultivar Kordia and Regina 
from 2016 was characterized by the highest content of this 
compound. Generally, the level of individual fatty acids in 
samples was different with harvest years.

The bioactive compounds

The significantly lowest level of bioactive compounds 
was determined in fruits of all cultivars in comparison to 
other parts of sweet cherry (Table 3). The exception was 
the anthocyanin content which was identified only in fruit 
(Table 3). The leaves were characterized by the highest level 
of vitamin C and total carotenoids as compared to other 
parts of plant. Moreover, the petioles had the highest con-
tent of total polyphenols. Among the fruit from 2015, the 

cultivar Burlat was characterized by the significantly larg-
est amount of total carotenoids, meanwhile from 2016—the 
cultivar Kordia in comparison to other cultivars. Moreover, 
the highest concentration of total polyphenols was in fruit 
of cultivars Kordia from both years. The petioles of cul-
tivar Burlat were one of the best source of vitamin C and 
polyphenolic compounds, whereas cultivar Kordia—total 
carotenoids, in both years. The leaves of cultivar Kordia 
from 2016 had the significantly highest content of total 
carotenoids, while cultivar Regina from 2016—vitamin 
C and total polyphenols in comparison to other cultivars. 
The significantly largest amount of total anthocyanins was 
in fruit of cultivar Burlat from 2015 and cultivar Kordia 
from both years. In HPLC analysis, two anthocyanins were 
identified: cyanidin 3-glucoside and cyanidin 3-rutinoside 

Table 3  Bioactive compound content in sweet cherry fruit, petioles and leaves of individual cultivars

Results are expressed as mean ± SD (n = 3)
Mean values with different letters (a–p) within the individual compound are statistically different (p < 0.05)
DW dry weight

Cultivars Part of 
plant

Vitamin C (mg/100 g DW) Total carotenoids (mg/100 g 
DW)

Total polyphenols (mg/100 g DW) Total anthocyanins (mg/100 g 
DW)

2015 2016 2015 2016 2015 2016 2015 2016

Burlat Fruit 28.5 ± 1.3a 43.2 ± 2.9a 1.0 ± 0.0b 2.1 ± 0.0c 1987.8 ± 41.1a 2641.5 ± 49.2c 209.3 ± 13.9b 221.7 ± 8.3b
Petioles 174.2 ± 13.0c 117.3 ± 4.7b 5.0 ± 0.1e 24.2 ± 0.4j 14998.5 ± 175.6n 21807.4 ± 105.1p – –
Leaves 337.6 ± 22.7e 470.6 ± 24.7g 21.4 ± 0.1h 41.2 ± 0.1l 8992.1 ± 131.1g 11042.8 ± 86.8k – –

Kordia Fruit 30.3 ± 0.0a 51.5 ± 3.2a 0.3 ± 0.0a 3.8 ± 0.0d 2348.7 ± 45.5b 3063.1 ± 21.1d 205.2 ± 2.6b 261.6 ± 5.8c
Petioles 114.8 ± 0.0b 96.6 ± 4.7b 5.4 ± 0.1f 25.9 ± 0.3k 9283.3 ± 45.4h 14001.5 ± 10.3m – –
Leaves 245.7 ± 1.4d 597.4 ± 25.6h 22.1 ± 0.1i 59.2 ± 0.1n 5076.6 ± 115.0e 9729.5 ± 111.9i – –

Regina Fruit 28.2 ± 0.0a 36.3 ± 2.7a 0.2 ± 0.0a 1.4 ± 0.0b 2094.2 ± 22.3a 3037.3 ± 26.0d 74.9 ± 1.3a 250.8 ± 14.2c
Petioles 147.6 ± 0.0c 113.9 ± 4.1b 5.3 ± 0.1ef 20.8 ± 0.0g 10679.4 ± 43.8j 16490.0 ± 172.7o – –
Leaves 374.4 ± 10.8f 636.4 ± 34.2i 24.6 ± 0.1j 41.8 ± 0.5m 8583.1 ± 18.2f 12844.1 ± 148.6l – –

Fig. 1  HPLC chromatogram 
of the anthocyanins of sweet 
cherry fruit of cultivar Burlat: 
cyanidin 3-glucoside (1); cyani-
din 3-rutinoside (2)
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(Fig. 1). The fruit of cultivar Kordia was characterized by 
the significantly highest content of both identified antho-
cyanins (respectively, 3.2 ± 0.1 and 49.1 ± 0.1 mg/100 g 
DW). The significantly lowest level of these compounds was 
found in cultivar Regina in comparison to other cultivars 
(respectively, 1.2 ± 0.1 and 25.6 ± 1.7 mg/100 g DW). Fruit 
of cultivar Burlat contained 2.3 ± 0.1 mg/100 g DW of cya-
nidin 3-glucoside and 33.8 ± 0.9 mg/100 g DW of cyanidin 
3-rutinoside. The results indicated that major anthocyanin 
was cyanidin 3-rutinoside. Generally, the level of bioactive 
compounds varies depending on the year of cultivation. It 
has been observed that in most cases the content of studied 
components was higher in 2016 than in 2015.

The antioxidant activity

The significantly lowest antioxidant activity were found 
in fruit, whereas the largest in petioles of sweet cherry 
which was confirmed in all cultivars both in 2015 and 2016 
(Table 4). Among the fruit from 2015 to 2016, the culti-
var Kordia was characterized by the significantly highest 
antioxidant activity. The petioles of cultivars Kordia (ABTS 
assay) and Regina (DPPH and FRAP assays) had the high-
est antioxidant capacity in 2015. Moreover, the petioles of 
cultivar Burlat were characterized by the highest antioxidant 
activity in 2016 which was confirmed by ABTS, DPPH and 
FRAP tests. Among the leaves from 2015, the cultivar Bur-
lat, and from 2016, the cultivar Regina had the significantly 
highest radical scavenging activity in comparison to other 
cultivars. The results obtained in this study showed that the 
antioxidant activity in samples was higher in 2016.

Discussion

To our best knowledge, there are no reports on the basic 
chemical composition of sweet cherry petioles and leaves. 
However, the content of macronutrient in fruit was previ-
ously analyzed by other authors. De Souza et al. [24] showed 
the similar level of ash, protein and carbohydrates as well as 
the slightly higher content of fat in sweet cherry fruit from 
São Paulo in comparison to the ones obtained in this study. 
The fruit from Northern Portugal examined by Bastos et al. 
[9] as well as from Southern Italy tested by Pacifico et al. 
[11] had the lower content of ash, protein and fat as well as 
the higher content of carbohydrates. In our study, the con-
centration of dietary fiber in the fruit of sweet cherry was 
in the range of 7.0 ± 0.0–10.8 ± 0.3 g/100 g DW. De Souza 
et al. [24] found higher content of dietary fiber in these parts 
of plant (15.25 g/100 g DW).

In the literature, there is little research on the profile of 
fatty acids in sweet cherry. Rios et al. [25], who also ana-
lyzed the fruit of cultivar Kordia and Regina, originating 
from Chile, found that the dominant fatty acid was palmitic 
acid. These data correspond to our results. According to 
Bastos et al. [9] in the petioles, the main fatty acid was pal-
mitic acid, whereas according to Schmitt and Feucht [26] 
in the leaves, the dominant fatty acid was γ-linolenic acid, 
which are consistent with our results.

In fruit, the level of vitamin C was in the range of 
28.2 ± 0.0–51.5 ± 3.2 mg/100 g DW. The similar results 
were obtained by Schmitz-Eiberger and Blanke [27] in 
the following cultivars: Samba, Souvenir de Charmes and 
Prime Giant. De Souza et al. [24] showed the higher content 
of vitamin C. Usenik et al. [28] who evaluated the effect 
of diameter and color of fruit on chemical composition in 
cultivar Kordia found the lower concentration of vitamin C 

Table 4  Antioxidant activity of sweet cherry fruit, petioles and leaves of individual cultivars

Results are expressed as mean ± SD (n = 3)
Mean values with different letters (a–k) within the individual tested feature (ABTS, DPPH, FRAP) are statistically different (p < 0.05)
DW dry weight

Cultivars Part of plant ABTS (µmol Trolox/g DW) DPPH (µmol Trolox/g DW) FRAP (µmol Trolox/g DW)

2015 2016 2015 2016 2015 2016

Burlat Fruit 206.6 ± 7.2ab 304.2 ± 2.3ab 82.1 ± 20.6a 160.4 ± 5.9a 202.4 ± 2.8a 283.4 ± 8.4ab
Petioles 1543.9 ± 38.2g 5818.9 ± 160.5k 485.3 ± 11.6bcd 5621.2 ± 333.6h 1109.9 ± 60.0ef 4217.7 ± 316.2i
Leaves 1061.0 ± 61.4ef 1191.2 ± 3.5f 454.8 ± 40.5bc 777.6 ± 55.9e 913.7 ± 26.1cd 1229.4 ± 89.0f

Kordia Fruit 227.4 ± 3.6ab 352.7 ± 4.1b 91.7 ± 0.6a 181.5 ± 6.2 a 239.2 ± 7.8a 334.1 ± 5.3ab
Petioles 2018.7 ± 47.0h 3553.2 ± 65.4i 511.0 ± 6.0cd 4088.5 ± 195.7g 982.8 ± 3.9de 4172.7 ± 70.3i
Leaves 519.8 ± 5.2c 899.1 ± 71.2d 203.7 ± 13.0a 698.5 ± 8.9de 460.6 ± 2.8b 911.3 ± 7.7d

Regina Fruit 196.0 ± 1.4a 290.1 ± 4.7ab 70.2 ± 2.4a 143.2 ± 0.8a 192.7 ± 5.3a 267.1 ± 1.4ab
Petioles 1883.8 ± 111.4h 4386.9 ± 127.2j 574.3 ± 11.6cde 4239.8 ± 101.0g 1129.6 ± 7.5ef 3859.0 ± 124.h
Leaves 999.4 ± 8.7de 1908.0 ± 63.2h 290.3 ± 4.8ab 1320.8 ± 3.9f 723.6 ± 6.2c 1713.4 ± 34.0g
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in each quality classes, in comparison to values obtained 
for cultivar Kordia in our study. The content of total carot-
enoids in tested fruit of sweet cherry was in the range of 
0.2 ± 0.0–3.8 ± 0.0 mg/100 g DW. The level of these com-
pounds measured by Giménez et al. [10] in fruit from Spain 
was 1.07 mg/100 g DW. Gonçalves et al. [29] showed the 
higher concentration of total carotenoids in the leaves of 
three cultivars of sweet cherry, including the cultivar Bur-
lat which was also examined in this study. The differences 
are probably due to weather conditions in the harvest sea-
son. The literature data indicated that the concentration of 
bioactive compounds, including vitamin C, was known to 
be influenced by several factors such as temperature and 
precipitation [30]. To our best knowledge, in the literature, 
there is no data about the content of bioactive compounds 
in petioles and leaves, discussed above. Exception was the 
content of carotenoids in the leaves, as described above.

The obtained results showed that the content of total poly-
phenols in fruit of sweet cherry from 2015 to 2016 was in 
the range of 1987.8 ± 41.1–3063.1 ± 21.1 mg/100 g DW. De 
Souza et al. [24] found the similar values. Other authors 
obtained the lower concentration of polyphenolic com-
pounds in sweet cherry fruit [27, 31, 32]. Ballistreri et al. [7] 
and Usenik et al. [33] who also analyzed the cultivar Burlat 
found the lower content of total polyphenols with respect to 
that reported in this study. In our study, the petioles were the 
richest source of polyphenolic compounds in comparison 
to other parts of sweet cherry. Prvulović et al. [34] showed 
the smaller amount of these compounds in petioles of cul-
tivar Burlat and other 16 cultivars collected in Serbia. Di 
Cagno and Coda [35], who studied the infusions prepared 
from petioles, also demonstrated the lower content of total 
polyphenols in this part of sweet cherry. Gonçalves et al. 
[29] showed the similar polyphenols content in leaves of 
cultivar Burlat and lower in other cultivars in comparison 
to our results. Based on the results, it can be suggested that 
the petioles and leaves were a richer source of polyphenolic 
compounds than commonly consumed fruit of sweet cherry. 
Due to antioxidant, anti-inflammatory, anticancer and anti-
bacterial activity of polyphenols, petioles and leaves should 
be included in the daily diet. They can be used for the prepa-
ration of various tea or food and beverages addition.

The concentration of total anthocyanins in sweet cherry 
fruit was studied by many authors. Hayaloglu and Demir 
[31] determined the similar content of these compounds 
in fruit of cultivar Belge and the lower content in other 
cultivars came from Turkey. The smaller amount of total 
anthocyanins was also found by Giménez et al. [10] in 
cultivar Early Lory and Schmitz-Eiberger and Blanke [27] 
in cultivars Souvenir, Samba and Prime Giant. The higher 
concentration of these compounds was obtained by Ser-
radilla et al. [32] in cultivar Ambrunés from Jerte Valley, 
Spain. Other authors who analyzed the sweet cherry fruit 

using HPLC method detected four or more anthocyanins, 
and the dominant anthocyanin in all research was cyanidin 
3-rutinoside, which correspond to our results. Serra et al. 
[36] found the similar content of cyanidin 3-glucoside 
and cyanidin 3-rutinoside in cultivar Summit. The fruit of 
cultivar Ambrunés, which was studied by Serradilla et al. 
[32], was characterized by the similar level of cyanidin 
3-glucoside and higher content of cyanidin 3-rutinoside. 
Martini et al. [37] obtained the larger amounts of these two 
anthocyanins in different cultivars of sweet cherry fruit in 
comparison to our results. Ballistreri et al. [7] and Use-
nik et al. [33] who also tested the cultivar Burlat showed 
the higher content of cyanidin 3-glucoside and cyanidin 
3-rutinoside in fruit of this cultivar. The differences in 
content of anthocyanins may result from various grow-
ing conditions. Fruit of sweet cherry analyzed by other 
authors was harvested in countries differed in climatic and 
geographical conditions.

Additionally, the studies were allowed to choose the fruit 
of cultivar Kordia, which was characterized by the high-
est level of polyphenols, including anthocyanins. The color 
of sweet cherry fruit, which is related to content of antho-
cyanins, is important factor determining the maturity and 
attractiveness. Consumers, who are guided by the color of 
the skin, reach for not only good look product but also with 
beneficial properties.

The antioxidant activity in samples was measured using 
three methods: ABTS, DPPH and FRAP. More than one test 
was needed to be performed to take into account the various 
modes of antioxidants action [38]. Used methods presented 
coherent results for the studied material. Serradilla et al. 
[32] who evaluated the radical scavenging activity of sweet 
cherry fruit showed the higher level in ABTS test in compar-
ison to our results. Hayaloglu and Demir [31] who used the 
ABTS, DPPH and FRAP assays also found the higher val-
ues. The lower antioxidant activity in fruit of sweet cherry 
was reported by De Souza et al. [24]. The different values 
for antioxidant activity obtained by other authors may result 
from other method of extract preparation, differences and 
modifications in procedure for the ABTS, DPPH and FRAP 
assays as well as other cultivars used to research.

In the available literature, there were little research which 
compared the polyphenol content and antioxidant activity 
of various parts of sweet cherry. Bastos et al. [9] obtained 
other results and indicated that the fruit was characterized 
by higher antioxidant capacity than petioles of sweet cherry. 
These different results are probably due to other method of 
extract preparation. Other authors, who examined these 
properties in parts of other fruit trees and shrubs, showed 
the similar findings to ours. Skupień et al. [13] in choke-
berry and mulberry as well as Teleszko and Wojdyło [14] 
in apple, quince, chokeberry, cranberry, blackcurrant and 
bilberry found that leaves of these plants were characterized 
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by higher content of polyphenols and antioxidant activity 
than fruits.

The correlation between the content of bioactive com-
pounds and antioxidant activity in studied material is pre-
sented in Table 5. In all tested parts of sweet cherry, the 
relationship between antioxidant capacity and dietary fiber 
content was weak and additionally in fruit and petioles was 
negative. The positive and strong dependency between anti-
oxidant activity and the content of total polyphenols was 
found in all parts of plant. Furthermore, in fruit, the anti-
oxidant activity strongly depended on vitamin C and total 
carotenoids content, while in petioles on the concentration 
of carotenoids. In summary, polyphenols were found to be 
main antioxidant components of all samples, whereas in par-
ticular parts of sweet cherry, i.e., fruit, petioles and leaves, 
there were also other compounds responsible for antioxidant 
activity.

In general, the content of studied compounds dif-
fers from one harvest year to another one. The average 
temperature in April (beginning of flowering), May and 
June 2016 was higher than in the same months in 2015, 
while in the July (harvest period) 2016 lower than in 

2015 (Fig. 2). The number of rainy days and the sum of 
precipitation in April and July 2016 were higher than in 
2015, however, in May and June 2016, lower (Fig. 3). 
Therefore, it could be assumed that a temperature and 
precipitation has an important effect on the chemical 
composition of sweet cherry fruit, petioles and leaves. To 
our best knowledge, there is no study about the effect of 
weather conditions on content of individual compounds 
in the sweet cherry. Moreover, other authors who studied 
other plant confirmed these observations. Hakala et al. 
[39] who studied the content of vitamin C in strawber-
ries reported the higher content of this compound in the 
year in which the summer was warmer and drier which is 
consistent with our results. However, Woznicki et al. [40] 
found that the level of vitamin C in black currant fruits 
was negatively correlated with temperature and positively 
correlated with precipitation. These authors suggest that 
their different results compared to data published by other 
researchers can be due to several interacting genetic and 
environmental parameters. Additional strong correlations 
with precipitation and negatively with temperature sug-
gest an inherently low drought tolerance of black currant 

Table 5  Correlation matrix of dietary fiber and bioactive compounds content with antioxidant activity measured ABTS, DPPH and FRAP assays 
in fruit, petioles and leaves of sweet cherry

Dietary fiber Vitamin C Total carotenoids Total polyphenols Total anthocyanins ABTS DPPH FRAP

Fruit
 Dietary fiber 1.0000 – – – – – – –
 Vitamin C − 0.4433 1.0000 – – – – – –
 Total carotenoids − 0.2239 0.9432 1.0000 – – – – –
 Total polyphenols − 0.6914 0.7999 0.7234 1.0000 – – – –
 Total anthocyanins − 0.3377 0.6211 0.6523 0.7048 1.0000 – – –
 ABTS − 0.5717 0.9629 0.9144 0.9155 0.7377 1.0000 – –
 DPPH − 0.5977 0.9334 0.8910 0.8972 0.7441 0.9849 1.0000 –
 FRAP − 0.5684 0.9451 0.8964 0.8935 0.7427 0.9790 0.9515 1.0000

Petioles
 Dietary fiber 1.0000 – – – – – – –
 Vitamin C − 0.2503 1.0000 – – – – – –
 Total carotenoids − 0.3136 − 0.7173 1.0000 – – – – –
 Total polyphenols − 0.6267 − 0.1165 0.6828 1.0000 – – – –
 ABTS − 0.2758 − 0.5910 0.8747 0.8393 – 1.0000 – –
 DPPH − 0.3419 − 0.6358 0.9637 0.8118 – 0.9666 1.0000 –
 FRAP − 0.3761 − 0.6771 0.9909 0.7265 – 0.9005 0.9720 1.0000

Leaves
 Dietary fiber 1.0000 – – – – – – –
 Vitamin C 0.2988 1.0000 – – – – – –
 Total carotenoids 0.3157 0.8563 1.0000 – – – – –
 Total polyphenols 0.3275 0.8503 0.5655 1.0000 – – – –
 ABTS 0.1721 0.7192 0.2955 0.9106 – 1.0000 – –
 DPPH 0.2692 0.8692 0.6082 0.9053 – 0.9006 1.0000 –
 FRAP 0.2352 0.7970 0.4611 0.9463 – 0.9604 0.9628 1.0000
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plants. In our study, we have found that the level of total 
polyphenols in all parts of sweet cherry was higher in 
2016 than 2015. It could be due to the short-term low 
temperature during ripening of sweet cherry fruit in 
May 2016. This observation was confirmed by Lee and 
Oh [41] who studied the impact of short-term low tem-
perature on polyphenols content in kale. Other authors 
also detected this relationship, additionally showing an 
increase of anthocyanins [42].

Conclusion

The sweet cherry fruit, petioles and leaves are the source 
of bioactive compounds and show antioxidant activity. 
Statistically significant effect of cultivar, part of plant and 
weather conditions in individual harvest year on the chem-
ical composition of sweet cherry was observed. There is a 
need for further research (especially in vivo study) of this 

Fig. 2  Average daily and monthly temperature in 2015 and 2016

Fig. 3  Average daily and monthly rainfall in 2015 and 2016
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material to find the potential benefits of sweet cherry fruit, 
petioles and leaves for the human health. This knowledge 
can be used in the prevention and treatment of the chronic 
non-communicable diseases. It brings new opportunities 
to create new functional food products and to better use 
the byproducts of sweet cherry production.
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