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POLYPHENOL CONTENT AND ANTIOXIDANT
ACTIVITY OF SOUR CHERRIES FROM
SERBIA

The aim of this study was fo evaluate the content of phenolics: the total phe-
nols (TP), flavonoids (TF), anthocyanins (TA), as well as the total antioxidant
capacity (TAC) in three sour cherry cultivars (Prunus cerasus L.) infroduced to
the southeast Serbia climate conditions. Among the investigated sour cherries,
,Oblacinska“ cultivar contained the highest amounts of all groups of phenolics,
followed by ,Cigancica” > ,Marela“. A significant difference were observed in
the phenolic content among different cultivars and growing seasons (p < 0.05),
and the phenolic compounds were significantly higher in the growing season
2009. The examined cultivars possess a high antioxidant capacity, and all phe-
nolics of highy correlation with TAC. The following compounds were identified
and quantified using HPLC-DAD: 4 anthocyanins, the most abundant of which
was cyanidin-3-glucoside in “Marela” and “Oblacinska’, and cyanidin-3-gluco-
sylrutinoside in , Cigancica®“, and 4 hydroxycinnamic acids, the most abundant
of which was neochlorogenic acid in all sour cherry cultivars. The growing and
ripening process on the tree of sour cherry cv. ,Oblacinska” was evaluated
also. The results showed significant increases in total phenols during the ri-
pening, the total anthocyanins and total antioxidant capacity and 4 quantified
anthocyanins, however the neochlorogenic acid decreased during the ripening.
The study indicated that the growing and climate conditions in southeast Ser-
bia are convenient for introducing sour cherry cultivars.
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Because of the health benefits attributed to va- sour cherries have been shown to possess strong an-

rious fruits, numerous studies have been conducted
in recent years to evaluate their properties in terms of
quality and bioactivity [1-3]. Fruits are considered a
natural source of antioxidants, including anthocyanins
and polyphenols [4] compounds that can reduce the
risk of degenerative diseases caused by oxidative
stress, such as cancer and cardiovascular diseases
[5]. Red fruits, including sour cherries, are rich in
these types of compounds. Sour cherries (Prunus ce-
rasus L.) are considered to be one of the richest sour-
ces of phenolic compounds [6,7], and they contain
significant levels of anthocyanins. Anthocyanins from

Correspondening author: M.N. Miti¢, Faculty of Science and Ma-
thematics, Department of Chemistry, University of Ni§, Vise-
gradska 33, P.O.Box 224, 18000 Ni§, Serbia.

E-mail: milanmitic83@yahoo.com

Paper received: 1 July, 2011

Paper revised: 6 September, 2011

Paper accepted: 7 October, 2011

tioxidant and anti-inflammatory activities [8].

There are many factors that influence the phe-
nolic content and antioxidant capacity of sour cher-
ries. The results obtained from several studies sug-
gest that the composition and content of phenolic
compounds in cherries are influenced by the cultivar,
the growing season and the growing location [9,10].
Also, fruit ripening is associated with important bio-
chemical changes, while the color change is mainly
influenced by the concentration and distribution of dif-
ferent anthocyanins in the skin [11]. The total antho-
cyanins contents in red fruits increase during ripening
[12,13]. The studies of ripening are of special interest
because they allow the identification of the optimum
point of maturity for harvesting and enable the deli-
very of fruit to consumers in its best condition in terms
of nutritional, sensory and functional properties [14-16].
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Sour cherry is a highly profitable fruit variety.
Owing to its rapid coming to bearing, relatively easy
growing and a good demand on market, there is a
huge interest in speeding this fruit variety, so in Ser-
bian fruit production it is in third place [17]. The main
region for its growing in our country is south and
south-eastern Serbia. Owing to the quality of it Serbia
has become a significant exporter of sour cherry. The
sour cherry ,Oblacinska“ is the most demanded va-
riety because of its high quality. It is characterized by
a great uniformity of fruit size, simultaneous ripening
and easy picking. The color is resistant to darkening
and degradation. The large sour cherry production in
Serbia is realized via constant creation of new sour
cherry plantations on individual owners’ property.

The sour cherry ,Cigancica“ is a domestic spon-
taneously created species, which is spread in almost
all parts of Serbia. The fruit is of dark red colour, se-
mi-sweet, tasteful and of pleasant aroma and different
size. lts fruit bearing are regular and abundant. It do-
minates in so-called “free market” in unorganised pro-
duction.

The sour cherry cv. ,Marela“ is a hybrid of sweet
cherry and sour cherry. It is similar in aroma to cherry.
Marela is very appreciated for its consumption as
fresh fruit, as well as for industrial processing.

There are no studies on chemical profiles of
sour cherry cultivars growing in Serbian climate con-
ditions. Therefore, in this study the three introduced
sour cherry cultivars, ,Marela“ (early season ripen-
ing), ,Oblacinska“ and ,Cigancica“ (late season ri-
pening) were evaluated under the southern Serbian
growing conditions. The objective on the present stu-
dy is to evaluate the content of phenolics (total phe-
nols, flavonoids and anthocyanins) as quality markers
as well as the antioxidant capacity in the mentioned
sour cherries, depending on the cultivars and growing
seasons (2008, 2009 and 2010). Also, the objective of
this work was to study the evolution of several physic-
cochemical parameters, anthocyanins, phenols and
antioxidant capacity during the ripening of ,Obla-
¢inska“ sour cherry cultivar.

MATERIALS AND METHODS

Chemicals

All chemicals used for the high-performance li-
quid chromatography (HPLC) analysis were of analy-
tical grade and were purchased from Merck (Dorm-
stadt, Germany) and Sigma-Aldrich (St. Louis, MO).
All solvents and reagents were of HPLC grade and
purchased from Merck (Darmstadt, Germany).
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Plant material

The samples of sour cherries used in this study
were obtained from seven-years-old cherry trees of
»Marela“, ,Oblacinska“ and ,Cigancica“ cultivars from
an orchard in Southern Serbia. The fruits of the culti-
vars were collected at random from multiple trees.
The fruit samples were harvested during the 2008,
2009 and 2010 growing seasons. Also, the fruits of
the cultivar ,OblacCinska®“ were collected into 7 ripen-
ing stages, ripening stage 7 corresponding to com-
mercial maturity. After the harvesting the samples of
each cultivar were picked in polyethylene bags and
stored at -20 °C. Before the analysis, a portion of
fresh fruits was partially defrosted and homogenized
in a house blender.

Sample preparation

The polyphenolic constituents from sour cherry
samples were extracted using conventional solvent
extraction procedure. Ten grams of homogenized
sour cherries (1 min in blender) were extracted in an
ultrasound bath with 30 ml of methanol solution con-
taining 0.1% HCI. Contact time was 60 min. After the
extraction, the samples were filtered with Whatman
No. 1 filter paper and the residual tissue was washed
with 2x20 ml of solvent. The filtrates were combined
in a total extract. Finally, the obtained sour cherry ex-
tracts were collected in graduated vessels of the same
volume at 100 ml. The obtained extracts were used
for spectrophotometric and HPLC measurements. The
extraction was done in triplicate for each sour cherry
cultivar.

Determination of total phenolics (TP)

The Folin-Ciocalteu reagent was used to deter-
mine the total phenolic compounds [18]. A volume 1
ml of sour cherry extract, diluted 5-6 times with me-
thanol (to obtain absorbance within the range of the
prepared calibration curve), was mixed with 0.5 ml of
Folin-Ciocalteu reagent, previously diluted with dis-
tilled water (1:2). A volume of 2 ml of 20% sodium
carbonate solution was added to the mixture, shaken
thoroughly and diluted to 10 ml by adding distilled wa-
ter. The mixture was to stand for 120 min and the blue
color formed was measured at 760 nm using the Agi-
lent UV-Vis spectrophotometer. Gallic acid was used
as a standard for the calibration curve. The concen-
trations of gallic acid in the solution from which the
curve was prepared were 0, 50, 100, 150, 250 and
500 mg/L (R* = 0.998) The content of TP was expres-
sed as mg of gallic acid equivalent (GAE) per 100g of
fresh mass of edible part of fruits. The result of each
assay was obtained from three parallel determinations.
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Determination of total flavonoids (TF)

The total flavonoids (TF) assay was done as
previously described by Zhuang et a/. [19] with minor
modifications. A volume of 1 ml of diluted extract or
standard solution of catechin (50-500 mg/L) was placed
in a 10 ml volumetric flask, then 4 ml of dd H,O, and
after 5 min 0.3 ml of NaNO, (5%) and 1.5 ml of AICl;
(2%) were added. The mixture was shaken, and 5 min
later, 2 ml of 1 M solution of NaOH were added, again
well shaken. The absorbance was measured at 510
nm against the blank. The results were calculated ac-
cording to the calibration curve for catechin (F° =
= 0.999). The content of TF was expressed as mg of
catechin equivalent (CE) per 100 g of fm of edible part
of fruits. All samples were analyzed in triplicate.

Determination of total antioxidant capacity of
DPPH method

The free radical scavenging capacity of fruit ex-
tracts was analyzed using the 2,2-diphenyl-1-picryl-
hydrazyl (DPPH) assay [20-22]. The antioxidant as-
say is based on the measurement of the color loss of
DPPH solution by the change of absorbance of 515
nm caused by the reaction of DPPH with the tested
sample. The reaction was monitored using UV-Vis
Agilent spectrophotometer. Sour cherry extracts 0.2
ml or metanolic solution of Trolox (10-30 mM) and 1.8
ml of freshly prepared DPPH in methanol (20 mg L™)
were put into a cuvette at room temperature. After 30
min of incubation period at room temperature, the
absorbance was read against a blank at 515 nm. The
determinations were performed in triplicate. The total
antioxidant capacity was calculated as Trolox (mmol/
/100g f.w. of edible part of fruit) using the equation
based on the calibration curve (/* = 0.996).

Determination of total anthocyanins (TA)

The total anthocyanins in the sour cherry ex-
tracts were determined using the pH-differential me-
thod previously described by Guisti and Wrolstad [23].
Athocyanins demonstrate maxima of absorbance at
520 nm at pH 1.0. The colored oxonium form predo-
minantes at pH 1.0, and the colorless hemicetal form
at 4.5. The difference in absorbance is proportional to
the anthocyanin content. The total anthocyanin con-
tent was expressed as cyanidin-3-glucoside equiva-
lent and calculated via the following equation:
c(mg/1009f.w.)=AXMWXDFX1OOO (1)

el
where A= (A (520 nm, pH 1.0) - A (700 nm, pH 1.0) -
- (A (520 nm, pH 4.5) - A (700 nm, pH 4.0); MW =
= cyanidin-3-glucoside molecular weight (449.2); DF =

= dilution factor; & = cyanidin-3-glucoside molar ab-
sorbtivity (26,000); /= cell pathlength (usually 1 cm).

HPLC Analysis

The anthocyanins and hydroxycinnamic acids
were analyzed by a direct injection of the extracts,
previously filtered through a 0.45 um pore size mem-
brane filter, in an Agilent Technologies 1200 chroma-
tographic system equipped with an Agilent photo-
diode array detector (DAD) 1200 with RFID tracking
technology for flow cells and a UV lamp, an automatic
injector and Chemstation software. The separation of
anthocyanins and hydroxycinnamic acid was per-
formed on an Agilent-Eclipse XDBC-18 4.6x150 mm
column. Two solvents were used for the gradient elu-
tion: A - H,O + 5% HCOOH and B - 80% ACN + 5%
HCOOH + H,0. The elution program used was as fol-
lows: from 0 to 28 min, 0.0% B, from 28 to 35 min,
25% B, from 35 to 40 min, 50% B, from 40 to 45 min,
80% B and finally for the last 10 min again 0% B. The
flaw rate was 0.8 ml min™ and the injection volume
was 5 ul. The detection wavelengths were 320 and
520 nm. Identification [24] and quatification of the va-
rious phenolic compounds were made by means of
calibration curves obtained with the standard solution
of chlorogenic acid, p-coumaric acid, ferulic acid, cya-
nidin-3-glucoside and cyanidin-3-rutinoside. The re-
sults are expressed as mg/100g of sample.

Statistical analysis

Analysis of variance (ANOVA) and Duncan’s
multiple range method were used to compare any sig-
nificant difference between the samples. The values
are expressed as mean * standard deviations. The
differences are considered significant at p < 0.05. All
the analyses were carried out in triplicates.

RESULTS AND DISCUSSION

Total phenolics, flavonoids, anthocyannins
and total antioxidant capacity

The contents of total phenolics (TP), total flavo-
noids (TF), total anthocyanins (TA) and total anti-
oxidant capacity (TAC) in three sour cherry cultivars
(,Marela®, ,Oblacinska“ and ,Cigancica“) introduced
in the southeast Serbian climate conditions during
three growing seasons (2008, 2009 and 2010) are
given in Table 1. TP content in the sour cherries har-
vested in 2008 determined with Folin-Ciocalteu assay
ranged from 72.05 mg of gallic acid equivalents (GAE)
per 100g of f.w. in early season ripening cultivar ,Ma-
rela“ to 140.76 mg of GAE per 100g f.w. in late-seson
ripening cultivar ,Oblacinska“. In the same cultivar
harvested in 2009, TP content was higher and ranged
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Table 1. Total phenols (TP), flavonoids (TF), anthocyanins (TA) and antioxidant capacity (TAC) in sour cherry cultivars in growing sea-
sons 2008, 2009 and 2010 (data are reported as mean + standard deviations with three replication, mean in a column followed by differ-
rent letters are significantly different among sour cherry cultivars in one growing season, different letters denote a significant difference

of one cultivar between the growing seasons)

2009

2010

Parameter Cultivar 2008

77, mg GAE/100g f.w. Marela 72.05+0.45¢",c?
Oblacinska 140.76+3.04a,b
CiganCica 91.02+0.52b,c

TFe, mg CE/100g f.w. Marela 65.51+1.64b,a
Oblacinska 75.58+0.79a,c
Cigancica 75.86+1.13a,b

TAA®, mg C3GE/100g f.w. Marela 39.02+1.28b,b
Oblacinska 54.14+2.06a,c
Cigancica 55.76+1.24a,c

TAC®, mmol TE/100g f.w. Marela 3.12+0.08b,ab
Oblacinska 3.47+0.07a,a
Cigancica 3.49+0.13a,a

87.83+1.82c,a
159.03+3.97a,a
122.10£3.60b,a
65.99+2.86¢,a
124.51+0.82a,a
87.82+1.84b,a
48.24+1.67b,a
64.43+0.57a,b
62.30+0.98a,b
3.3620.11b,a
3.80+0.18ac,a
3.51+0.08cb,a

78.98+1.70c,b
146.12+2.80a,b
112.8314.62b,b
64.38+2.15c,a
110.8746.55a,b
93.70+5.40b,a
45.24+1.11c,a
81.55+1.78a,a
66.72+1.55b,a
2.87+0.10b,b
3.4010.04a,a
3.00£0.16b,b

from 87.83 to 159.03 mg of GAE/100g f.w., and also
ranged from 78.98 to 146.12 mg GAE/100g f.w. in 2010.

»Oblacinska“ had the highest total phenolic con-
tent, followed by ,Cigancica“ and ,Marela“. According
to the results obtained in our research, it is observed
that in 2008, 2009 and 2010 growing season, late-
-season ripening cultivars ,Oblacinska“ and ,Cigan-
Cica“ contained higher amounts of total phenolics.
The average content of total phenolics of sour cherry
,Oblacinska“ was about two times higher than that of
sour cherry ,Marela“. Cultivar with the lowest amount
of phenolics was ,Marela“, and this was because it is
an early season ripening cultivar, when lower tempe-
ratures decrease the biosynhesis of phenolics.

Significant differences were found in the total
phenolic content in one growing season when
comparing ,Marela“, ,Oblac¢inska“ and ,Cigancica“
(p < 0.05). Significant differences were found in the
total phenolic content in ,Marela“ and ,Cigancica“
when comparing 2008, 2009 and 2010 growing sea-
sons (p < 0.05); however, no significant differences
were found in the total phenolic content in ,Oblacin-
ska“ when comparing 2008 and 2010 growing sea-
sons (p < 0.05). It is well known that genetic and agro-
nomic or environmental factors play an important role
in the phenolic composition and thus the nutritional
quality of fruits [25-27]. TP Values of the Serbian sour
cherry cultivars analysed in this study were in the range
obtained for sour cherry cultivars grown from other
countries such as Croatian (78.02-144.79 mg GAE/
/100g f.w.) [6], ltaly (141.9 mg GAE/100g f.w.) [28]
and the USA (146.1-312.4 mg GAE/100mg f.w.) [9].

In the total phenolic content, flavonoids were
predominant, and their amount varied from 65.51 mg
CE per 100g of f.w. in ,Marela“ to 75.86 mg CE/100g
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f.w. in ,Cigancica“ in 2008, from 65.99 in ‘Marela’ to
124.51 mg CE/100g fw. in ,OblaCinska“ in 2009,
whereas in 2010 their amounts ranged from 64.38 to
110.87 mg CE/100g f.w. An approximately 1.89-fold
differences in the total flavonoid content was found
between the highest and lowest ranked cultivars, ,,Ob-
lacinska“ and ,Marela“ in 2009 (p < 0.05). It was cal-
culated that percentages of TF in TP varied between
49 and 83% in sour cherry fruits grown in 2008, be-
tween 72 and 78% in sour cherry fruits grown in 2009,
and between 79 and 88% in sour cherry fruits grown
in 2010. Comparing the level of TF in TP between
2008, 2009 and 2010 growing sesons, it was ob-
served that sour cherries harvested in 2010 contained
a higher percentage of TF in TP. Also, significant dif-
ferences were found in the total flavonoid content in
comparison among cultivars ,Oblacinska®, ,Marela”
and ,Cigancica“ in some years (except for 2008). No
significant differences in the total flavonoid content
were found in comparisons among growing seasons
2008, 2009 and 2010 from ,Marela“.

The amount anthocyanins in the three sour
cherry cultivars introduced to southern Serbian cli-
mate conditions are given in Table 1, also. It is evi-
dent that ,Oblacinska“ is the richest source of antho-
cyanins among the examined cultivars. The amount
of anthocyanins in ,OblaCinska“ varied between 54.14
(year 2008) and 81.55 mg C3GE per 100g f.w. (year
2010). In other cultivars as follows: ,Cigancica“ >
»Marela“. The anthocyanins content of ,Marela“ was
significantly different from the others (p < 0.05). Com-
paring the growing sesons 2008, 2009 and 2010, the
environmental growing conditions showed some diffe-
rences (Table 2). The Meteorological Service Knja-
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Table 2. Mean air temperatures, data from Meteorological Service, KnjaZevac, Serbia

. April May June
Growing season
| Decade Il Decade | Decade Il Decade | Decade Il Decade
2008 10.4 13.7 12.8 17.3 18.5 20.7
2009 12.9 12.0 17.6 14.3 20.7 21.6
2010 12.9 12.0 171 13.9 19.0 24.5

zevac data confirmed that, in 2009, the mean daily air
temperature in June was perfect for the biosynthesis
of phenolic compounds in fruit, while the second
decade of June 2010 was perfect for the increase of
anthocyanin content.

Studies have shown that numerous factors such
as harvest season, variety, stage of harvesting, cli-
matic conditions and growing season can affect the
composition and concentration of individual as well as
total anthocyanins [3,29]. In most species, fruit antho-
cyanins concentrations increase with ripening, as their
biosynthesis proceeds faster than the fruit growth
[14,30]. Anthocyanins are synthesized via the phenyl
propanoid pathway and for anthocyanins biosynthesis
the structural and regulatory enzymes are required,
but environmental influence is also very important [31].
Light stimulated the synthesis of flavonoids, espe-
cially anthocyanins [32].

The total antioxidant capacity (TAC) in three
sour cherry cultivars introduced in southeast Serbian
climate conditions are given in Table 1. The TAC of

mAU H

204

156 4

»Marela“ was lower than in other cultivars. The high-
est TAC was observed in ,Oblaginska“ sour sherry
fruits, a cultivar which contained significantly higher
amounts of all examined groups of phenolics. The dif-
ferences in values for different grown seasons for
sour cherry ,Oblacinska“ were not statistically signifi-
cant (p< 0.05) (Table 1).

HPLC Analysis of phenolics

Using HPLC-DAD techniques, we performed a
comparative analysis of the levels of individual antho-
cyanins. A typical HPLC chromatogram of the metha-
nol extracts from sour cherry recorded at 520 nm is
shown in Figure 1. The sample was the anthocyanin
fingerprint of sour cherries, consisting of four com-
pounds. Peaks were identified by comparison of their
HPLC retention times and UV-Vis absorption spectra
with the authentic compound as cyanidin derivative
(peak 1), cyanidin-3-glucosyl rutinoside (peak 2), cya-
nidin-3-glucoside (peak 3) and cyanidin-3-rutinoside
(peak 4). These compounds have previously been

20 21 22

24 25 26 min

Figure 1. HPLC chromatogram (520 nm) of anthocyanins in sour cherry ,,Oblacinska“: 1) cyanidin derivate,
2) cyanidin 3-glucosyl-rutinoside, 3) cyanidin 3-glucoside, 4) cyanidin 3-rutinoside.
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charactersed in the cultivars of sour cherries
[9,10,33,34] and sour cherry juice [35].

Among the cherries analyzed, the sour cherry
»OblacCinska“ showed the highest amount of antho-
cyanins, cyanidin-3-glucosyl rutinoside, at 62.09 mg/
/100g f.w. (Table 3). Two other sour cherries, ,Cigan-
Cica“ where next to ,Marela“ having cyanidin-3-gluco-
syl rutinoside at 38.42 and 24.73 mg/100g f.w., res-
pectively. The published reports suggest that cyani-
din-3-glucosyl rutinoside is always the predominant
anthocyanin in sour cherries, although the total antho-
cyanin content varied significantly [9,34,36].

Sour cherries commonly contain neochlorogenic
acid, p-coumaric acid derivative, p-coumaric acid and
ferulic acid (Figure 2, Table 3). Neochlorogenic acid

was found to be the major hydroxycinnamic acid in
sweet and sour cherries, the amount of which was
relatively higher in sour cultivars than sweet cultivars
[9]. Among the hydroxycinnamic acids, neochloroge-
nicacid composed 73-79%. Chaovanalikit and Wrul-
stad [7] showed that the level of hydroxycinnamic acid
of cherries ranged from 30.0 to 87.0 mg/100g, which
is higher than that of the cherries studied here (11.82-
-17.23 mg/100g f.w.)

Changes during ripening

Fruit ripening is associated with important bio-
chemical changes that modify color, texture, taste and
other quality traits. For a better description of auto-
chthonous Serbian variety and understanding of chan-

Table 3. Individual anthocyanins and hydroxycinnamic acids in sour cherries in growing season 2010 (the data are presented with

means # standard deviations, n = 3)

Compound Marela Oblacginska Cigancica
Anthocyanins
Cyanidin-derivate® 4.93+0.22 2.96+0.18 8.13+0.36
Cyanidin-3-gluc.-rutin. 24.73+0.72 62.09+1.95 38.42+1.35
Cyanidin-3-glucoside 0.88+0.09 1.311£0.10 1.24+0.11
Cyanidin-3-rutinoside 9.49+0.52 12.95+0.78 17.13+£1.02
Hydroxycinnamic acid
Neochlorogenic acid® 10.51+0.83 12.64+0.65 9.37+0.88
p-Coumaric acid derivate® 1.05£0.12 1.73+£0.08 1.54+0.20
p-Coumaric acid 1.22+0.09 2.08+0.05 0.58+0.11
Ferulic acid 0.84+0.05 0.78+0.02 0.330.02

*The concentration of cyanidin derivate is expressed as cyanidin-3-glucoside equivalents; "the level of neochlorogenic acid is expressed as chlorogenic acid
equivalents; ‘the level of p-coumaric acid derivate is expressed as p-coumaric acid equivalents

mAU
12- 2
101
.
6l
iy 4
5] 3
U_A/\J
14 16 18 20 2 24 26 28 n

Figure 2. HPLC chromatogram (320 nm) of hydroxycinnamic acids in sour cherry ,,Oblacinska“: 1) neochlorogenic acid,
2) p-coumaric acid derivate, 3) p-coumaric acid, 4) ferulic acid.
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ges of quality during ripening, the total phenolics, total
anthocyanins and total antioxidand capacity, as well
as individual phenolic compounds in sour cherry ,,Ob-
laCinska“ were studied (Figures 3-5).

The total phenolic content showed an increase
from 26.2 (year 2010) to 42.0% (year 2009). A similar
accumulation of total phenols during the ripening of
the sour cherry ,Maraska“ has been described by
Pedisic et al. [12]. Stages 1-3 were significantly diffe-
rent from stage 5-7. Total antioxidant capacity varied
between 2.56 mmol trolox equivalents/100g fresh
weight (stage 1) and 3.28 mmol TE/100g f.w. (stage

160

150

140

130

120

TP mg GAE/100g f.w.

110

100

7) in growing season 2008; 2.58-3.80 in grown sea-
son 2009 and 2.42-3.40 in grown season in 2010. A
similar behavior was found for both total antioxidant
activity and total phenolic compounds, for which little
decreases at early stages of development followed by
the increases from at late stages were observed. TAC
reached the maximum activity at stage 7 which coin-
cided with the maximum concentration of total poly-
phenolic compounds. When linear regression was
performed, a highly positive correlation (R22008 = 0.986;
#2009 = 0847, R22010 = 0907) was found between
TAC and the total phenolic compounds. Thereafter,

2009

Stage

Figure 3. Changes of total phenolic content (mg/100g) during cv. ,,Oblacinska” ripening in the three grown seasons,
A 2008 o: 2009, m: 2010.
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Figure 4. Changes of anthocyanin content (mg/100g) during cv. ,,Oblacinska“ ripening in the three grown seasons,
n:2008; o: 2009; A :20170.
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Figure 5. Changes of total antioxidant capacity (mmol/100g) during cv. ,,Oblacinska” ripening in the three grown seasons,
n:2008; o: 2009; A : 20170.

from late stages (4-7) and coinciding with the greatest
accumulation of anthocyanins, a highly positive corre-
lation (R00s = 0.968; R000 = 0.835; R%010 = 0.978)
was also found between TAC and the anthocyanin
concentration. They represent an accumulation of an-
thocyanins that is reflected in the change of color of
the fruit during the ripening [15]. The correlation be-
tween TAC and anthocyanins compounds during ri-
pening has been found in several fruits [1,37,38].

The change of quantities of cyanidin-3-glucosyl
rutinoside, cyanidin-3-rutinoside and neochlorogenic
acid during ripening for the sour cherry ,OblaCinska“

in growing season 2010 are shown in Figure 6. In the
studied sour cherry cultivar, the concentration of cya-
nidin-3-glucosyl rutinoside increased 3.2-fold during
the ripening, cyanidin-3-rutinoside increased 4.9-fold
during the ripening, however, concentration of neo-
chlorogenic acid decreased 2.2-fold during the ripen-
ing. Hydroxycinnamic acids concentration are gene-
rally high in young fruits, falling first rapidly and then
more slowly during maturation and postharvest sto-
rage [39].
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Figure 6. Changes of individual anthocyanins (mg/ 100 g) during cv. ,,Oblacinska*“ ripening in 2010 growing season.
cyanidin-3-glucosyl rutinoside (m), cyaniding 3-rutinoside (A ) and neochlorogenic acid ().
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CONCLUSION

Generally, growing and climate conditions in
Serbia are convenient for introducing sour cherry cul-
tivars (,Oblacinska®“, ,Marela“ and ,Cigancica®). This
was proven by the good quality of sour cherry fruit, by
the contained high mass fractions of different groups
of phenolics (particularly important flavonoids, espe-
cially anthocyanins) during three consecutive growing
seasons. The richest source of TP, TF and TA among
cultivars was ,Oblacinska“, followed ,Cigancica“ and
»Marela“. Antioxidant capacity reached the highest le-
vels in ,Oblacinska“ and ,Cigancica“ sour cherry fruits.
Total antioxidant capacity, total phenolic compounds
and anthocyanins decreased or slightly increased in
the early stages of sour cherry developments but ex-
ponentially increased from stage 4, which coincided
with the anthocyanin accumulation and fruit darkening.
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NAUCNI RAD

62

POLIFENOLNI SASTAV | ANTIOKSIDATIVNA
AKTIVNOST CRVENIH VISANJA IZ SRBIJE

Cilj ovog rada je odredivanje fenolnog sastava: totalnih fenola (TP), totalnih flavonoida
(TF), antocifana (TA) i totalnog antioksidativnog kapaciteta u tri uzoraka visnje sa jugois-
tocnog podrucja Srbife. Medu ispitivanim uzorcima, Oblacinska visnja sadrZi najvise fe-
nolnih jedinfenja, pracena Cigancicom i Marelom. Znacajna razlika je uocena u sadrZaju
fenolinih jedinjenja izmedu razlicitih vrsta u razlicitim godinama zrenja. Ispitivane sorte
imaju visok antioksidativni kapacitet koji je u visokoj korelaciji sa fenolnim jedinjenjima.
Za odredivanje individualnih komponenti koristili smo HPLC-DAD metodu i odredili sle-
dece komponente: 4 antocijana, od kojih je cijanidin-3-glukozid najzastupljeniji u Mareli i
Oblacinskoj visnji, a cijanidin-3-glukozidrutinozid u Cigancici; 4 hidroksicimetnih kiselina,
od kojih je neohlorogenska najzastuplfenija u svim sortama. Takode smo pratili rast i sa-
zrevanje Oblacinske visnje. Rezultati su pokazali znacajno povecanje ukupnih fenola (to-
talnih antocifana, antioksidativnog kapaciteta) tokom zrenja, medutim sadrZaj neohloro-
genske kiseline se smanjuje. Iz rezultata se moZe zakljuciti da jugoistocni region Srbife
ima povoljne uslove za gajenje i rast ove kulture.

Kiljucne reci: visnje, fenolni sastav, antioksidativni kapacitet, antocijani, rast, sa-
zrevanje.



