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Summary: Several epidemiological studies revealed that the consumption of antioxidant compounds and the risk of atherosclerosis, increased
blood pressure or cancer are inversely proportional. Fruits of sour cherry contain a wide range of antioxidant compounds including melatonin,
perillyl alcohol, ellagic acid, several flavonoids, polyphenolics, and anthocyanins. This study was carried out to survey the antioxidant power
and mineral element content of seven commercial sour cherry cultivars and three cultivar candidates and to assess the influence of some
external conditions on fruits’ functional properties. Our analysis revealed nearly 5- and 2-fold differences between the lowest and highest
antioxidant capacities and total phenolics content, respectively. Some cultivars (‘Kdntorjanosi® and ‘Ujfehértéi fiirtds™) and cultivar
candidates (D, 'Petri” and "Eva’) showed outstanding antioxidant capacity and total phenolic content: in addition, mineral element content in
fruits of the ‘Ujfehértéi fiirtos” cultivar was also favourable. Redox parameters of fruits were influenced by the cultivation plot or fruit
positions within the canopy in about half of the cultivars tested. Genetic background of cultivars forms the decisive factor in determining
fruits” antioxidant capacity, although external factors may have also sizeable modifying effects. Enhanced functional properties of the fruit
may also be further increased through breeding programs since considerable variation exists within the tested germplasm.
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Introduction

The evaluation of the antioxidant properties of stone
fruits gains more and more importance. These studies are
fuelled by the realization that fruits contribute considerably
to human health and prevention of several degenerative
diseases. In Hungary and in other parts of the civilised world,
heart and vascular diseases as well as different types of
cancer are among the main causes of mortality. The role of
free radicals in the aetiology and pathogenesis of such
diseases is a well-understood physiological process. This
knowledge has drawn attention to the applicability of food
antioxidants in disease prevention. In some parts of the
world, mainly in the USA, systematic and detailed analyses
have been initiated to size up the therapeutic possibility
supplied by plant food sources (fruits and vegetables). In this
field, Hungary should spare no effort to conduct similar
experiments since genetic potential and variability of
Hungarian fruit cultivars may permit to find genotypes to be
used as functional food (Pedryc et al., 2005; Stefanovits-
Bdnyai et al., 2005; Veres et al., 2005a). Therefore, the
estimation of antioxidant power of fruits must be added to
the standard cultivar description protocols. Although, berry
fruits are generally reputed to contain exceptional levels of

antioxidants, stone fruits are less known and hence
underutilized from this aspect, which offers further
possibilities. Sour cherry (Prunus cerasus L.) is the most
studied stone fruit species in terms of its antioxidant potential
and health promoting effects.

Several epidemiological studies revealed that the
consumption of antioxidant compounds and the risk of
atherosclerosis, increased blood pressure or cancer are
inversely proportional (Halliwell, 2000; Southon, 2000; Van
Duyn & Pivonka, 2000; He et al., 2006). Among fruits, berry
species were shown first to accumulate high amounts of
polyphenolic compounds and great antioxidant power
(Moyer et al., 2002; Hannum, 2004: Connor et al., 2005).
Recently, several similar studies were also published aimed
at stone fruits, involving plums (Gil et al., 2002; Lombardi-
Boccia et al., 2004; Vasantha Rupasinghe et al., 2006),
peaches and nectarines (Tomds-Barberdn et al., 2001; Gil et
al., 2002; Scalzo et al., 2005; Dalla Valle et al., 2007) or
apricot (Ruiz et al., 2005; Stefanovits-Banyai et al., 2005;
Betul Akin et al., 2008).

Fruits of sour cherry contain a wide range of antioxidant
compounds including melatonin (Burkhardt et al., 2001;
Reiter & Tan, 2002), perillyl alcohol, ellagic acid, several
flavonoids and other polyphenolics (Wang et al., 1999), and
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anthocyanins (Seeram et al., 2001; Kang et al., 2002;
Chaovanalikit & Wrolstad, 2004; Bonerz et al., 2006;
Jakobek et al., 2007). Flavonoids and quinic acid derivatives
were found to be the more antioxidative substances in native
[talian sour cherries (Piccolella et al., 2008).

Total antioxidant capacity of fresh and processed sour
cherry fruits was studied with several different assays
(FRAP, TEAC, ORAC, TBARS etc.) (Karakaya etal., 2001;
Blando et al.. 2004: Gareia-Alonso et al., 2004). Water- and
Lipid-soluble antioxidant capacity of the Hungarian cultivars
and several Bosnian types were carried out by Veres et al.
(2005b). Among cultivars, the ‘Csengddi’ and ‘Kantor-
janosi’ were characterized by outstanding antioxidant
capacity. The anthocyanin content of the cultivar ‘Cseng6di’
was also shown to be extraordinary (Sass-Kiss et al., 2005).

It is also a very important field of research to estimate how
the way of processing effects the antioxidant capacity (Dietrich
et al., 2003: Kim & Padilla-Zakour, 2004; Bonerz et al., 2006)
and phenolics constitution of the end-products (Chaovanalikit &
Wrolstad, 2004). Ferric reducing ability (FRAP) and scavenging
effect against the 2.2’-azino-bis(3-ethylbenzthiazoline-6-
sulphonic acid) radical (ABTS) were measured in desserts made
from sour cherry (Garcia-Alonso et al., 2003).

Sour cherry anthocyanin demonstrated considerable
cyclooxygenase inhibitory activities (Seeram et al., 2001;
2003), which was later clarified to efficiently suppress
inflammation-induced pain behaviour in rats (Tall et al.,
2003). Efficacy for cherry juice in decreasing some of the
symptoms of exercise-induced muscle damage was also
shown in human intervention studies (Conolly et al., 2006).
Anthocyanins from sour cherry have been shown to inhibit
tumor development in Apc™ mice and the growth of human
colon cancer cell lines (Kang et al., 2002).

Dr. Amy lezzoni of Michigan State University
introduced the Hungarian cultivar *Ujfehért6i fiirtos” under
the new name ‘Balaton’ in the U.S. in 1984. This cultivar
turned out to be the most favourable cultivar in the U.S. in
terms of its fruits’ phytochemical contents. Several
publications and patents have been based on this cultivar.

This study was carried out to survey the antioxidant power
and mineral content of sour cherry commercial cultivars and
cultivar candidates and assess the influence of some external
conditions on fruits” functional properties.

Materials and methods

Cultivars tested

The analyses were carried out by using the most
important Hungarian sour cherry cultivars (Table I). In
several cases, the same cultivar was harvested at several
cultivation regions (Siéfok and Ujfehért6) or from different
positions within the canopy (inside or outside) to test how
external factors may affect the fruits’ antioxidant value.

Extraction and sample preparation

For the extraction of antioxidants, a 100 g of halved and
seeded fruits were homogenized and centrifuged with a
Hettich Zentrifugen (Mikro 22 R; Tuttlingen. Germany)
device (4 °C, 35-min. 18,750 g, ); supernatants were used for
redox assays.

Antioxidant capacity

Antioxidant power was measured with the FRAP (ferric
reducing ability of plasma) method (Benzie & Strain, 1996).
The antioxidant power was calculated from a standard curve
obtained by different concentrations of ascorbic acid.

Total phenolic content (TPC)

Total amount of soluble phenols were determined using
Folin-Ciocalteu’s reagent according to the method of
Singleton & Rossi (1965). The content of soluble phenols
was calculated from a standard curve obtained by different
concentrations of gallic acid.

Table I Cultivars used in the analyses

Cultivars Ripening time Fruit colour A\\v:;;if (f;l;.n Cultivation plot Sampling time
D (LPP4/1D) End of June Dark red 5.5+0.6 Ujfehértd 2007, VL. 29,
Debreceni bot. End of June — Beginning of July Dark red 54109 Siofok 2007. VL 20,
Debreceni bot. End of June — Beginning of July Dark red 5.120.5 Ujfehértd 2007. VI. 29.
Erdi botermd Middle of June Dark carmine 6.0+£0.6 Siotok 2007. VL. 14.
Erdi bitermé Middle of June Dark carmine 6.6+0.5 Ujfehérto 2007. VI. 18.
Kéntorjanosi 3 End of June Light claret 6.420.5 Siéfok 2007. V1. 20.
Kantorjdnosi 3 End of June Light claret 5.840.8 Ujfehérts 2007. VI, 29.
Korai pipacs Middle of June Light red 47404 Ujfehérté 2007. VL 29,
R (Petri) Beginning of July Dark red 5.940.5 Ujfehérté 2007, VIL 1.
T (Eva) Beginning of July Dark red 55404 Ujfehértd 2007. VIL 1.
Ujfehértoi fiirtos Beginning of July Claret 5.520.5 Siofok 2007. VL. 27.
Ujfehértai fiirtos Beginning of July Claret 4.6+0.5 Ujfehérté 2007. VIL 1.
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Determination of element concentration

Dried fruit samples (0.2 g) were digested in a mixture of
2 ml HNO, and 2 ml H,O, in teflon bomb (PTFE) for ICP
analysis (Stefanovits-Bdnyai et al., 2006). The digested
samples were filled up with deionised water to 10 ml. The
following elements were determined by ICP-OES (Thermo
Jarrell Ash Co, ICAP 61): Al, As, B, Ba, Ca. Cd, Co, Cr, Cu,
Fe, K, Li, Mg, Mn, Na, P, Pb, and Zn.

Results and discussion

Our analysis revealed a nearly 5-fold difference between
the lowest and highest antioxidant capacities when testing 10
cultivars or cultivar candidates (Figure ). “Korai pipacs’, an
early ripening cultivar showed the lowest FRAP value,
which points to the association between the ripening time
and the antioxidant value of fruits as it was shown previously
in case of apricot (Stefanovits-Bdnyai et al., 2005). The
highest FRAP values were measured in fruits of ‘Ujfehértoi
fiirtés” and the cultivar candidate T. The order of the FRAP
values of cultivars increased as follows ‘Erdi béterméd’ <
‘Debreceni bétermé’ < ‘Kiéntorjanosi’, similarly to the
results of Veres et al. (2005b) who established the same order
of these cultivars when assessing water-soluble antioxidant
capacity of fruits by the Photochem chemiluminometer.

Total phenolics content showed smaller differences
(slightly more than two-fold variance) between the lowest
and the highest values showed again by the accessions ‘Korai
pipacs’ and ‘Eva’, respectively (Figure 2). FRAP and TPC
results showed close correlations (#=0.788) indicating that a
crucial part of the sour cherry antioxidant capacity is
attributable to a wide range of polyphenolics present in the
fruit skin and flesh.

Variations due to the different cultivation plots were
studied in case of the cultivars ‘Ujfehértéi fiirtds’,
‘Debreceni bétermd’, ‘Erdi bétermé’ and ‘Kantorjanosi’.
Fruits of the ‘Ujfehértoi fiirtos’ grown at Ujfehérté possessed
40% higher antioxidant capacity as compared to fruits
harvested at Siofok (Figure 3A). This cultivar is grown in
several parts of the world, e.g. in the USA, because of its
high adaptive capacity. However, our results indicate that the
fruit antioxidant properties of ‘Ujfehértéi fiirtés” may be
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Figure 1 Antioxidant capacity of sour cherry cultivars and cultivar
candidates
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Figure 2 Total phenolics content of sour cherry cultivars and cultivar
candidates.

more valuable in places where this cultivar is native. The
fruits of the cultivar ‘Debreceni bétermé’ showed no
variations in their antioxidant capacity according to the
different cultivation plots. In general, fruits of the cultivars
grown at Ujfehérté were characterized by higher antioxidant
capacity than those harvested at Siéfok.

Total phenolic content of fruits changed very similarly to
the FRAP values (Figure 3B) with two exceptions. One of
those is that fruits of ‘Erdi bétermé’ harvested at Si6fok and
Ujfehérté were not different in their TPC: and that TPC
values in ‘Kdntorjdnosi’ fruits originated from Ujfehérté
exceeded those grown at Siofok.

There were no significant differences in the antioxidant
capacity and total phenolics content in fruits ripened outside
or inside of the tree canopy in half of the cultivars (Figure 4).
Other cultivars possessed increased levels of antioxidant
capacity in their fruits ripened in the outer regions of the
canopy than those harvested from the inside of the canopy.
This might be due to the fact that higher light intensity and
UV irradiation enhance the levels of various stress pigments,
e.g. anthocyanins (Kataoka et al., 2005; Ubi, 2004).
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Figure 3 Redox parameters in fruits of sour cherry cultivars grown in
different cultivation regions. (A) Antioxidant capacity, (B) Total phenolics
content. S: Siéfok, U: Ujfehérto
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Figure 4 Redox parameters in fruits harvested from different positions
(inside or outside) within the canopy of sour cherry cultivars and cultivar
candidates grown in Hungary. (A) Antioxidant capacity, (B) Total phenolics
content. Abbreviations for cultivar names: U.f. ‘Ujfehéntéi fiirtds’, D.b.
‘Debreceni bétermd’, E.b. ‘Erdi bétermd”, Kj. ‘Kdntorjanosi’; abbreviations
for cultivation plot: Siof. Siofok, Ujf. Ujfehérto.

Mineral element content in fruits of the cultivar
“Ujfehértéi fiirtés’ was also determined (Table 2). Mineral
element content calculated on a fresh weight basis can be
used to estimate the nutrient intake from daily fruit
consumption, while values calculated on a dry weight basis
might be helpful to compare the mineral element contents in
fruits of different species grown at the same plot. No toxic
heavy metals (As, Cd, Cr, Mo, Ni or Pb) could be detected in
the fruits. Al content of sour cherry equals with the lowest
values of the wide concentration range detected for Japanese
plum cultivars (60-290 g/g dry weight) (Hegediis, 2007). In
average, sour cherry contains 3-times higher amounts from
calcium than Japanese plum fruits, 2.5-times higher amounts
from Cu, while levels of Fe, K, Mn and Na were
approximately identical in these two species of fruits. Sour
cherry accumulated nearly half the quantity found in
Japanese plum fruits.

Cultivar-averaged FRAP values of sour cherries were
approximately two-times higher than those of Japanese
plums, while sour cherries’ total phenolics content was only
slightly higher than plums’ TPC values. Some of the nutrient
elements are redox active metals that might influence fruits’
antioxidant capacity. Their health aspects mainly depend on
the physiological requirements of human body since under
iron deficiency high Fe-content of fruits can be beneficial
while supraoptimal concentrations of iron may induce severe
oxidative damage via catalization of the Fenton type
reactions.

Some metal ions (Fe, Cu, Zn, Al and Mn) are
involved in the aetiology and pathogenesis of several
diseases (Parkinson and Alzheimer diseases, tardive
dyskinesia, Down-syndrome etc.) and hence for
people suffering from such diseases fruits with
extremely low metal contents might be proposed.

Some cultivars (‘Kéntorjanosi’ and ‘Ujfehértéi
fiirtés’) and cultivar candidates (D, ‘Petri’ and ‘Evi’)
showed outstanding antioxidant capacity and total
phenolic content; in addition mineral element content
in fruits of the ‘Ujfehértéi fiirtds’ cultivar was also
favourable. Genetic background of cultivars forms
the decisive factor in determining fruits’ antioxidant
capacity, although external factors may have also
sizeable modifying effects. A detailed qualitative and
quantitative analysis of sour cherry fruits of different
cultivars may lead to a specialised consumption of
Hungarian sour cherry. Enhanced functional
properties of the fruit may also be further increased
through breeding programs since considerable
variation exists within the tested germplasm.

Table 2 Mineral element composition of fruits of the cultivar

‘Ujfehértdi fiirtds’

Mineral element Quantity Quantity
weight) {gfg dry weight) (g/g fresh
Al 69.28 12.57
As <d.l <d.l.
B 37.33 6.78
Ba 2.99 0.54
Ca 2672.00 484.61
Cd <d.l. <d.L
Co <d.L <d.l.
Cr <d.l <d.l
Cu 9.66 1.75
Fe 15.60 2.83
Ga 1.01 <d.l

K 12535.50 2270.98
L <d.L <d.l
Mg 1030.90 187.00
Mn 7.28 1.32
Mo <d.l. <d.l.
Na 344.30 62.51
Ni <d.l <d.l.
P 1159.00 210.01
Pb <d.l <d.l
Se <d.l. <d.L.
Si 12.21 efig )
Sr 7.26 1.32
Ti <d.l. <d.l
v <d.l <d.L
Zn 3.87 0.70
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