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ABSTRACT

The study involving 5 cherry cultivars was conducted in 2015-2016. The varieties ‘Techlovan’, ‘Summit’,
‘Sylvia’, ‘Kordia’ and ‘Regina’ were planted in 2010 in the Experimental Orchard of the Department of
Pomology in Warsaw-Wilanow on GiSelAS5 rootstock. The aim of the study was to evaluate the production
value and dessert fruit quality as well as health proprieties of the tested cultivars’ fruits and select the most
valuable ones. It was shown that the varieties differed in fruit set and yielding as well as fruit quality (i.e. fruit
size, firmness, soluble solid content, acidity) and health benefits (i.e. polyphenol, anthocyanin, and ascorbic
acid content). ‘Techlovan’ trees had the lowest yield, but their fruits were of high quality. ‘Kordia’ and
‘Regina’ also provided high quality fruit with high total polyphenol content. In contrast, the ‘Sylvia’ cultivar
had a high yield, but the fruit obtained from it was of poor quality. All tested cultivars had similar vitamin C

content.
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INTRODUCTION

The sweet cherry is an important and very valu-
able orchard species. It is one of the most popular
spring-summer fruits across the temperate regions of
Europe, highly appreciated by consumers [Ballistreri
et al. 2013]. In the last 20 years, dynamic changes in
the fruit production of this species have been observed.
New varieties appeared — both early and late maturing —
and modern, intensive cultivation techniques were im-
plemented [Schuster et al. 2014]. However, as research-
ers emphasize, currently the production of sweet cher-
ries should prioritize not the quantity, but the quality
of the fruit, since this is the main factor — besides yield
regularity — that determines the profitability of growing
sweet cherries [Btaszczynska 2012]. The unique prop-
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erties of sweet cherries, such as sweet taste, attractive
color, size, shape and general appearance, influence
the consumer acceptance of these fruits and lead to in-
creased demand for them [Serrano et al. 2005, Serradil-
la et al. 2010, Martinez-Espla et al. 2014]. Due to this,
their production is constantly growing. The demand for
high-quality cherries is still greater than the supply —
both on global and European markets [Btaszczynska
2012, Lech et al. 2012, Sen et al. 2014].

Apart from the above-listed features, health-pro-
moting properties are also of great importance to
consumers. There is a view in relevant literature that
cherry fruit consumption is associated with beneficial
effects on human health [Kim et al. 2005, Kosar et
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al. 2005, Ferretti et al. 2010]. It has been proven that
eating sweet cherries reduces the incidence of many
diseases. The health-promoting properties of the fruits
are related to their strong antioxidant effects [Majhe-
nic et al. 2007, Mulabagal et al. 2009, Faniadis et al.
2010, Yoo et al. 2010, Hussain et al. 2011, Prvulovié¢
et al. 2011]. These antioxidant effects of cherries are
related to the presence of phenolic compounds in the
fruit, the major anthocyanins being cyanidin-3-gluco-
side and cyanidin-3-rutinoside, while peonidin-3-ru-
tinoside and pelargonidin-3-rutinoside are the minor
anthocyanins [Burkhardt et al. 2001, Serra et al. 2011,
Ballistreri et al. 2013, Duarte and Silva 2014]. These
compounds have been shown to have anti-cancer and
anti-inflammatory effects — they reduce the risk of de-
generative diseases caused by oxidative stress, such as
cancer, cardiovascular disease and stroke [Harakotr et
al. 2014, Gongalves et al. 2017]. However, the antiox-
idant capacity of cherries depends largely on the culti-
var as well as on the climate and conditions, in which
the fruits were grown [Usenik et al. 2008, Picariello
etal. 2016].

Production of very large, high-quality sweet cherry
fruit in the countries of Northern Europe and in Poland
is difficult, mainly due to lower insolation, intense pre-
cipitation (mostly in summer), shorter growing season
compared to countries with warmer climate as well as
problems with pollination, occurring partly due to the
large number of inter-sterile groups — there are 26 such
groups [Schuster et al. 2007]. It is very important to
determine which cultivars are the most valuable for
Polish region in terms of good yield, high quality fruit
characteristics and the beneficial health properties of
fruit grown and cultivated in this region.

Many studies have reported on the physical prop-
erties of sweet cherries (mainly fruit mass, weight and
color) as well as their chemical and nutritional proper-
ties [Serrano et al. 2005, Faniadis et al. 2010, Usenik
etal. 2010, Liu et al. 2011, Serra et al. 2011]. Howev-
er, in the available literature, there is little information
about the chemical composition or antioxidant prop-
erties of sweet cherries grown specifically in Poland.
Those issues are investigated in research from coun-
tries such as Turkey, Pakistan and the United States,
but that research is mainly concerned with cultivars
grown there [Liu et al. 2011, Mahmood et al. 2013.
2013, Sen et al. 2014].
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The objective of this study was to compare a few
sweet cherry cultivars in terms of their production
value, dessert fruit quality and nutraceutical content,
and consequently identify the most valuable varieties.
These varieties will then also serve as starting points
for further research into the improvement of cherry
quality in the climatic and soil conditions of central
Poland.

MATERIAL AND METHODS

The plant material for this research consisted
of five cherry (Punusavium) cultivars: ‘Techlovan’
(Czech Republic), ‘Summit’ (Canada), ‘Sylvia’ (Can-
ada), ‘Kordia’ (Czech Republic) and ‘Regina’ (Germa-
ny). The cherry trees were planted in 2010 in the area
of the Experimental Orchard of the Pomology Depart-
ment in Warsaw-Wilanow on GiSelAS5 rootstock. The
trees grew on GiSelA 5 rootstock in 4 x 2 m spacing
in 4 replications, 3 trees in each replication. All tests
were carried out in 2015 and 2016.

Meteorological conditions during testing. Both
research seasons were characterized by fairly favor-
able weather conditions in terms of fruit setting and
yielding cherry trees (Tab. 1). In general, 2016 was
a cooler year compared to 2015. In both seasons, win-
ter was mild with a small amount of snowfall. In the
first three months, significantly higher temperatures
were recorded in 2015 compared to 2016. Over the
next three months, temperatures in the following years
were similar. In 2015, the amount of rainfall in April
was higher than in 2016. There were no dangerous
spring frosts in both years.

Evaluation of the production value of the vari-
eties. Before the harvest, the number of fruits setting
from open pollination was counted from 100 previous-
ly counted flowers, then the percentage of fruit set for
each cultivar was calculated.

Yielding was recorded from each tree and was con-
verted into a kg/tree ratio.

Research on fruit quality. Twenty fruits with stalks
were taken at random from each replication of all the
varieties in order to evaluate fruit quality factors — in
total 80 fruits of each variety were used (20 fruits X
4 replications).

Fruit size was measured using a fruit scoop. The
results are given in mm.

https://czasopisma.up.lublin.pl/index.php/asphc
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Average fruit weight was measured on an Ohaus
TP 200 analytical balance — the results are given in
grams.

Soluble solid content (SSC) was measured accord-
ing to the Polish standard PN-EN 012143: 2000 in
juice squeezed from 20 fruits per replication. The SSC
was determined using an Atago PR-32 digital refrac-
tometer. The results are given in Brix degrees.

Fruit firmness was determined as the value of the
force needed to deform the fruit by 3 mm. The mark-
ings were made with an Instron Type 5542 tester.
A 3 mm diameter plug and 500 N head were used for
these markings. The markings were made twice on
each fruit, i.e. in the horizontal and vertical plane. The
resulting fruit firmness is given in newtons.

Total (titration) acidity of the fruit was determined
with a TitroLine by titration with a solution of sodium
hydroxide — 0.1 M NaOH. The analyte was 25 ml of
extract from 40 g of fruit pulp. Knowing the dilution
and normality of the test fluid, the acidity was deter-
mined and malic acid concentration was estimated.
The results are given as a percentage of malic acid in
the fruit, assuming that 1 ml of 0.1 M NaOH binds to
6.7 mg of malic acid.

Analysis of phenolic compounds. Phenolic com-
pounds were separated using the HPLC technique
described by Gao and Mazza [1994]. Analysis of the
separation and contents of phenolic compounds was
performed using a Perkin-Elmer 200 series HPLC kit
with a Diode Array Detector (DAD). The separation
was carried out using a LiChroCART® 125-3 (Merck
KGaA) column with a 1 ml/min flow rate. The column
temperature was 22°C. The mobile phase consisted of
a water (A) : 20% formic acid (B) : acetonitrile (C)
mixture at various concentration gradients. Phenolic
compounds were detected at 280, 300, 320, and 360
nm wavelengths by comparing retention times on
achieved chromatograms with standard ones. Contents
of particular compounds was given in mg/100 g f.w.

Qualitative and quantitative analysis of anthocy-
anins. An aliquot of 10 g was taken from 100 g of
homogenized fruit, and then extracted for 30 min with
25 mL methanol acidified with 1 mL 36% HCI. The
mixture was centrifuged in an Eppendorf 4250 centri-
fuge at 14 000 x g, and the supernatant was collected.

The identification and quantitative analysis of
anthocyanins was performed by means of a Perkin-
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-Elmer series 200 HPLC with a Diode Array Detector
(UV-DAD), using a LiChroCART® 125-3 (Mer-
ck KGaA) column with a 1.0 mL/min flow-rate and
detection at 520 nm. The mobile phase was water
(A) : 20% formic acid (B) : acetonitrile (C) mixture.
The anthocyanins were identified on the basis of
a standard and the results were given in mg/100 g f.w.

Ascorbic acid content (vitamin C). Vitamin C con-
tent was determined using an HPLC technique. Vita-
min C was extracted from the fruit with a mixture of
1% meta-phosphoric and 1% perchloric acids.

The sample obtained from the extraction was puri-
fied using a sintered glass crucible. The identification
and quantitative analysis of vitamin C was performed
with a liquid chromatograph (Waters) equipped with a
UV/VIS detector. The separation was performed using
a Symmetry C18 column, Spm, 150 x 4.6 mm, with a
0.8 ml/min flow-rate, detection at 245 nm as well as at
the 550 nm wavelength to verify the peak purity. The
column temperature was adjusted to 25°C. The mo-
bile phase consisted of a water : ammonia phosphate :
meta-phosphoric acid mixture. Vitamin C content re-
sults are presented as ascorbic acid (TAA) content in
mg/100 g fresh weight (f.w.).

Result analysis method. Data collected during
the research period were statistically developed using
a one-way analysis of variance. To compare the av-
erages, the Tukey group test was used with a = 0.05
significance level.

RESULTS

Fruit set and yielding of tested varieties. Two-
year observations showed that the ‘Techlovan’ culti-
var had the least fruit set compared to the others — less
than 10% (Tab. 2). The variety with the highest per-
centage of fruits set was ‘Sylvia’ (about 27% in 2015
and above 30% in 2016). Fruit setting in general was
higher in 2016.

Research further showed that the ‘Techlovan’ cul-
tivar also had the lowest yield (Tab. 1). In 2015, the
highest yield was harvested from the ‘Sylvia’ trees
(about 13 kg/tree). However, in the subsequent re-
search season, cultivars ‘Sylvia’, ‘Kordia’ and ‘Regi-
na’ yielded similar amounts of fruits (about 16—19 kg/
tree). The yield of the ‘Summit’ cultivar was compara-
ble to the other varieties.
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Table 1. Monthly temperature (°C) and precipitation (mm) in 2015 and 2016 years

Temperature (°C) Precipitation (mm)
Month

2015 2016 2015 2016
January 1.8 -3.5 48 22
February 0.9 2.7 12 23
March 53 2.6 35 25
April 8.4 8.3 42 33
May 13.0 13.5 54 53
June 16.5 16.7 32 67
July 214 19.2 54 71
August 23.6 17.4 10 58
September 15.0 133 85 43
October 7.1 8.5 31 35
November 4.9 3.1 49 39
December 3.7 -1.1 14 32
Average 10.1 8.0 39.0 41.8

Table 2. Fruit set (%) and yielding (kg - tree ') depending on the cultivar in the years 2015-2016

Fruit set (%) Yielding (kg - tree™)
Cultivar

2015 2016 2015 2016
Techlovan 94 a 9.8 a 7.8 a 9.2 a
Summit 18.6 ¢ 262 ¢ 10.1 b 13.5 ab
Sylvia 27.1 d 33.1 d 13.0 ¢ 16.1 b
Kordia 147 b 20,0 b 9,0 ab 18.1 b
Regina 123 b 28,0 ¢ 9.2 ab 195 b

Values marked with the same letter are not significantly different within the column

Table 3. Fruit quality depending on the cultivar in the years 2015-2016

Average mass of fruit

Size of fruit (mm) Firmness (N) SSC (°Brix) Acidity (%)

Cultivar (g)
2015 2016 2015 2016 2015 2016 2015 2016 2015 2016
Techlovan 30.0b 284 b 1245 ¢ 9.73b 80c 80a 18.55b 19.66 b  0.65c 0.74 ¢
Summit 29.0b 28.1b 11.47 be 937b 6.2 ab 7.8 a 17.00 a 19.00b 0.58Db 0.66 b
Sylvia 27.6 a 26.6 a 937 a 7.77 a 57a 7.0a 17.47 ab 1736a 043 a 0.50 a
Kordia 293 b 30.0 ¢ 11.32 be 10.1b  7,0b 7.8 a 1837 b 1706 a  0.67bc 0.58 ab
Regina 29,0 ab 283 b 11.5 be 9.12b 8.7¢ 81la 17.58 ab 16.76 a  0.53D 0.45a

Values marked with the same letter are not significantly different within the column
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Fruit quality. Research showed that the varieties
differed in terms of fruit quality. Throughout the re-
search period, ‘Sylvia’ had smaller fruits compared to
other tested cultivars, both in terms of size and weight
(Tab. 3).

In the first year of research, ‘Sylvia’ fruits had the
lowest firmness, while high firmness was observed
in ‘Techlovan’ and ‘Regina’ fruits. But in the second
year, the varieties did not differ statistically in terms
of this feature.

In both years of research, however, differences
were found among the examined varieties with respect
to soluble solid content (SSC). In 2015, the ‘Summit’
cultivar had lower SSC compared to ‘Techlovan’ and
‘Kordia’. The SSC of ‘Sylvia’ and ‘Regina’ fruits was
similar to that of the other cultivars. In 2016, ‘Techlo-
van’ and ‘Summit’ fruits did not differ in soluble solid
content, but they had more extract (about 2°Brix high-
er content) than ‘Sylvia’, ‘Kordia’ and ‘Regina’ fruits.

As for acidity, ‘Sylvia’ had the lowest percentage
of malic acid content and ‘Techlovan’ had the high-
est in 2015. In the second research season, ‘Sylvia’,
‘Kordia’ and ‘Regina’ had comparable acidity (about
0.5%), while ‘Techlovan’ fruits were distinguished by
the highest percentage of malic acid (above 0.7%) —
similar to the previous year.

Total polyphenol content. Research showed that
variety determined the polyphenol content (Fig. 1).
Two cultivars — ‘Summit’ and ‘Sylvia’ — had low poly-
phenol content (about 40 mg - 100 g f.w.™ ") compared to

others. However, in 2016, the total polyphenol content
of ‘Sylvia’ fruits was only slightly lower compared to
‘Kordia’, ‘Regina’ and ‘Techlovan’. The polyphenol
content of ‘Kordia’, ‘Regina’ and ‘Techlovan’ fruits
was well above 50 mg - 100 g f.w.”! throughout the
two-year research period.

Cyanidin-3-rutinoside. In 2015, the cultivar did
not affect the cyanidin-3-rutinoside content of studied
cherry fruits (Fig. 2). The average value was about
18 mg - 100 g f.w.”!. The influence of the cultivar on
the discussed factor was visible in the second research
season. In 2016, cultivars ‘Kordia’ and ‘Regina’ had
significantly higher cyanidin-3-rutinoside content
relative to other cultivars — in that year their fruits
contained almost twice as much of this anthocyanin.
It was also found that fruits of the two above-men-
tioned varieties were richer in cyanidin-3-rutinoside in
2016 compared to the first research season.

Cyanidin-3-galactoside. Statistical analysis show-
ed that the variety influenced the cyanidin-3-galacto-
side content (Fig. 3). In the first year of research, the
variety with the lowest amount of this component was
‘Sylvia’, whereas the highest level of cyanidin-3-galac-
toside was found in the ‘Kordia’ cultivar fruits. Howev-
er, this data was not duplicated in 2016, when ‘Summit’
had lower cyanidin-3-galactoside content than ‘Kordia’
but also lower than ‘Sylvia’ and ‘Regina’.

Peonidyno-3-rutinoside. In the first research sea-
son, no differences were observed in peonidine-3-ru-
tinoside content (Fig. 4). The level of this component

90 - b
b
75 b* b b
60 - ~
ab |
45 A " -
s
R e e — 1
2015 2016
# Techlovan # Summit ®Sylvia #Kordia 7% Regina

Fig. 1. Total polyphenol content depending on the cultivar in the years 2015-2016

(g f.w.™"). Values marked with the same letter are not significantly different within the year
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Fig. 2. Cyjanidin-3-rutinoside content depending on the cultivar in the years 2015-2016
(g f.w.™"). Values marked with the same letter are not significantly different within the year
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Fig. 3. Cyjanidin-3-galactoside content depending on the cultivar in the years 2015-2016
(g f.w."). Values marked with the same letter are not significantly different within the year

2015 2016
# Techlovan #Summit ®&Sylvia = Kordia #Regina

Fig. 4. Peonidyno-3-rutinoside content depending on the cultivar in the years 2015-2016
(g f.w.™"). Values marked with the same letter are not significantly different within the year
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Fig. 5. Vitamin C content depending on the cultivar in the years 2015-2016 (g f.w.™).

Values marked with the same letter are not significantly different within the year

was above 1 mg - 100 g f.w.”!" in all tested cultivars.
However, in the second research season, a signifi-
cantly higher peonidino-3-rutinoside content was ob-
served in ‘Kordia’ compared to ‘Techlovan’, ‘Summit’
and ‘Sylvia’ — the amount found in ‘Kordia’ fruits was
over two times higher than in the mentioned cultivars.

Vitamin C content. Research showed that the test-
ed varieties did not differ in terms of vitamin C content
(Fig. 5). In the first year of research, the content of
ascorbic acid in fruits of studied cultivars ranged from
about 10 mg - 100 g f.w.”"in ‘Regina’ to about 16 mg
- 100 g f.w. ! in ‘“Techlovan’. A year later, the average
vitamin C content in the fruits of tested cultivars was
lower than in the first year of research and ranged from
about 9 mg - 100 g f.w.!in ‘Summit’ to slightly above
11 mg - 100 g f.w.”in ‘Kordia’.

DISCUSSION

There are many factors affecting the fruit set and
yielding as well as broadly understood fruit quality.
These include, among others: genetic features of the
variety, rootstock, growing conditions, weather con-
ditions — in winter and in spring as well as during
fruit growth — the flowering process and agrotechnical
treatments.

The available literature suggests that a satisfactory
yield of cherries can be obtained when about 20-30%

https://czasopisma.up.lublin.pl/index.php/asphc

of flowers set fruits. The fruit set depends, to a large
extent, on the course of flowering and temperature
conditions [Wocior and Lesniak 1996, Cittadini et al.
2006, Lech et al. 2008].

In 2016, fruit set was generally better than in 2015.
It is difficult to explain this fact considering that both
seasons were characterized by similar weather condi-
tions, and 2015 was even warmer than 2016. However,
what is important, meteorological conditions during
the flowering period in 2016 were more conducive
to pollination and fertilization of flowers. Despite of
similar temperature values, the blooming period, fall-
ing in the second half of April, was less conducive to
setting fruit in 2015 than the second season, among
others because of the rainfall. In 2016, four cultivars —
‘Summit’, ‘Sylvia’, ‘Kordia’ and ‘Regina’ — set about
20-30% of fruits. In the first year of research, only
‘Sylvia set over 20% of fruits.

The problem of fruit quality is widely discussed in
scientific literature. Quality is of key importance espe-
cially in fruits intended for fresh consumption. It also
affects the economic value of a given variety. One of
the most important features that consumers pay atten-
tion to when choosing cherries is their size. It is known
that large fruits are more often chosen by consumers
than small fruits. Cultivars with large fruits have very
high market value [Bieniek et al. 2011]. The dominant
opinion in the literature is that the varieties studied in
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this project have large fruits, although it mainly refers
to their mass [Schoedl et al. 2009, Blaszczynska 2012,
Glowacka and Rozpara 2014, Milinovi¢ et al. 2016].
The results obtained seem to only partially confirm this
opinion. It was found that ‘Sylvia’ was characterized by
rather small fruits — both in terms of weight and size.
Similar results regarding this variety were also obtained
by Usenik et al. [2015], as well as Gjamovski et al.
[2016]. The remaining varieties had large fruits, which
confirms findings of the abovementioned researchers.

In this research project, the tested varieties also
differed in terms of firmness, extract content and ti-
tratable acidity. These differences were also visible
between fruits harvested in different research years.
These parameters have been discussed in the scientific
literature, among others by Poll and Petersen [2003],
Schoedl et al. [2009], Hajagos et al. [2012], Gjamovs-
ki et al. [2016]. In these experiments, it was stated that
extract content in the fruits, as well as their acidity,
is modified by meteorological conditions during fruit
maturation. High temperature and insolation increase
the sugar synthesis in fruits. The authors also note that
it is well known that the amount of organic acids in
fruits decreases as they ripen. Unripe fruits have more
acids, fewer extracts and fewer anthocyanins than ripe
fruits. The soil conditions also have significant influ-
ence on these characteristics.

Consumers are increasingly appreciating fruits not
only for their taste but also for their health benefits. The
content of individual phenolic compounds as well as
anthocyanins and vitamin C may be different in fruits
of various cherry cultivars, which further depends on
many different factors (i.e. genotype, rootstock, cul-
tivation method, availability of water and minerals,
degree of maturity as well as atmospheric conditions —
mainly light and temperature) [Gongalves et al. 2004,
Faniadis et al. 2008, Prvulovi¢ et al. 2011, Popescu et
al. 2014]. Researchers agree that the antioxidant ac-
tivity of the sweet cherry may be affected by several
factors, such as maturity at harvest, genetic differences
and pre-harvest environmental conditions [Prior et al.
1998, Dragovic-Uzelac et al. 2007, Mirdehghan and
Rahemi 2007]. Therefore, it is difficult to clearly com-
pare the results obtained in this study to those reported
by researchers working in other climatic regions and
different agrotechnical conditions.
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According to Polish literature, vitamin C content
in sweet cherries is on average 5—10 mg% [Rozpara
1999, Sitarek 2004]. Results obtained in this study
basically confirm these reports. But, as mentioned by
Ballisteri [2013], genetic factors may modulate the
composition and concentration of phytochemicals.

CONCLUSIONS

‘Sylvia’ trees yield the most, although this culti-
var’s fruits are the smallest. Furthermore, this variety
does not seem very attractive in terms of quality char-
acteristics and is unlikely to gain much recognition
among consumers.

The ‘Techlovan’ cultivar has high fruit quality —
fruist are even impressive in size and weight, have ad-
equate firmness and soluble solid content. However,
fruit set and yields leave much to be desired. Further
research is needed to solve this problem.

The ‘Summit’ variety is very interesting, with its
large and nice fruits of appropriate quality. Its good
yielding is also worthy of attention.

The ‘Kordia’ and ‘Regina’ cultivars are character-
ized by high fruit quality, but their yield may be poor if
the weather conditions are unfavorable during bloom-
ing time.

‘Techlovan’, ‘Kordia’ and ‘Regina’ have high total
polyphenol content, while the amount of this compo-
nent in ‘Summit’ and ‘Sylvia’ fruits is rather low.

In terms of anthocyanin content, the ‘Kordia” and
‘Regina’ cultivars are worthy of attention. Their fruits
were the most abundant in anthocyanins, but the re-
sults were not statistically proven in all research years.

All tested varieties have similar vitamin C content.
None of them is distinctive in this respect.

Further investigations are needed to evaluate the
impact of the environment and other factors, such as
climate, soil characteristics and cultivation techniques,
as well as to confirm obtained results.
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