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Summary
The objective of this study is to investigate the influence of cultivar and industrial
processing on total polyphenols, anthocyanins, hydroxycinnamic acids and antioxidant activity in concentrated sour cherry (Prunus cerasus L., cvs. Marasca and Oblačinska) juices.
Samples were collected during four processing steps: from fresh fruit prior to processing,
then from pressed, filtered and concentrated juices. The content of total phenols was the
same in both cultivars, but antioxidant activity (Oblačinska>Marasca) and total monomeric
anthocyanins (Marasca>Oblačinska) diﬀered. All processing steps significantly influenced
the content of total phenols, total monomeric anthocyanins and antioxidant activity. In all
samples four major anthocyanins were identified by HPLC with UV/VIS PDA detector,
listed in the descending order based on their abundance: cyanidin-3-glucosylrutinoside,
cyanidin-3-rutinoside, cyanidin-3-sophoroside and cyanidin-3-glucoside. Marasca cv. contained more total anthocyanins, and contents of cyanidin-3-sophoroside and cyanidin-3-glucosylrutinoside. The content of total hydroxycinnamic acids was also higher in Marasca than Oblačinska cv. After processing, the concentration of all identified anthocyanins
increased in both cultivars. Majority of the highest values of polyphenols were detected in
the juice after pressing. The content of polyphenols and their antioxidant activity were
considerably stable during industrial processing to concentrated juice. Although Marasca
had higher polyphenolic content than Oblačinska, both cultivars showed promising industrial potential for processing to concentrated juice.
Key words: sour cherry, Marasca cv., Oblačinska cv., juice concentrate processing, polyphenolic content, anthocyanins, antioxidant activity

Introduction
Consumers in developed countries are showing increased interest in the consumption of foods that may
have added beneficial influence on their health (1) due to
improved awareness about illnesses related to poor dieting (2). As a consequence, functional food and drink industry has shown continuous growth on the worldwide
markets as well as increased interest in raw materials that

may be used for such production (e.g. concentrated juices
for production of functional drinks). Sour cherries (Prunus
cerasus L.) are potentially good raw material for functional foods because of substantial content of polyphenols,
especially anthocyanins (3–8), with antioxidant activity
able to neutralise or scavenge free radicals associated
with numerous diseases (9–11). Researchers have identified anthocyanins as anti-inflammatory and anticarcinogenic agents (11–13), which are major contributors to the
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antioxidant activity in sour cherries (6,7,14,15). Apart from
common anthocyanins found in sour cherries such as cyanidin-3-glucosylrutinoside (Cy-3-GR), cyanidin-3-rutinoside (Cy-3-R), cyanidin-3-sophoroside (Cy-3-S), cyanidin-3-glucoside (Cy-3-G), they also contain hydroxycinnamic
acids (HCA), flavonol glycosides and flavan-3-ols (4,16–
18). The concentration of phenolic acids is usually measured as these compounds are the precursors of flavour
(8), thus may influence the final product quality (19).
However, variations in polyphenolic content in diﬀerent
cultivars have been reported (4,7,8,11,16,20,21). Additionally, Khoo et al. (11) showed that diﬀerences among cultivars significantly influenced their health-promoting effects.
Marasca and Oblačinska are the two main cultivars of
sour cherries in Croatia. Marasca is a traditional cultivar
(mostly cultivated in the Adriatic region) with excellent
food processing qualities (e.g. common soluble solids content above 25 %, appealing deep red colour and intense
aroma) (22). In comparison with other cultivars, Marasca
had higher polyphenolic content (14,16,20,23,24) and higher antioxidant activity in concentrated juices with documented positive impact on human health (25,26). The
Oblačinska cultivar is grown mostly in continental Croatia and is among cultivars with high anthocyanin content
(24,27). As a result, both cultivars have potential for processing to industrial concentrates that can be used in the
production of various functional beverages.
Juice concentration is industrial process with several
technological operations involving heating, addition of
pectolytic enzymes, pressing, filtration, pasteurisation and
evaporation, which can have adverse eﬀects on thermally
instable bioactive compounds (e.g. polyphenols). Toydemir et al. (28) reported that heating and enzymatic pretreatment contribute to better extractability and higher
anthocyanin content in juices during processing, leading
to enriched concentrated juice. Even though available findings on diﬀerent cultivars seem promising (imply good
polyphenolic stability and antioxidant activity with processing) (7,15,28), further investigation is necessary to define influences of processing on additional cultivars with
food processing potential. Preliminary data for these two
cultivars showed higher concentrations of polyphenols in
Marasca than in Oblačinska concentrated juice (20,29);
however, there is lack of research focused on the stability
of polyphenols during processing to concentrate. Hence,
the aim of this research is to study changes in polyphenolic content and antioxidant activity of two Croatian sour
cherry cultivars during processing to concentrated juice.

Material
Fresh fruit of sour cherry Marasca and Oblačinska
was processed into concentrated juice in an industrial facility of Dona Ltd. company (Gornja Stubica, Croatia).
Samples of each cultivar with replicates were collected
from four processing steps and total of sixteen samples
were analysed: (i) fresh fruit prior to processing (FF), (ii)
pressed juice (PJ), (iii) filtered juice (FJ) and (iv) concentrated juice (CJ). Fruit was mashed before pressing, heated at 45–50 °C, treated with 20–40 mL/t of pectolytic and
amylolytic enzymes (Endozym Pectofruit PR, AEB group,
Brescia, Italy) for one hour, and pressed with Bucher
press (Bucher Vaslin SA, Chalonnes sur Loire, France) to
obtain PJ-Marasca and PJ-Oblačinska. Pressed juices were
pasteurised at 85 °C for 2 min, cooled at 50 °C and treated
with 2–3 g/hL of pectolytic enzyme (Endozym Pectofruit,
AEB group) for two hours, precipitated and then vacuum- and plate-filtered to obtain FJ-Marasca and FJ-Oblačinska. Filtered juices were evaporated to 65 °Brix in a
four-stage evaporator with aroma recovery to obtain concentrated juices (CJ-Marasca and CJ-Oblačinska). Samples
FF-Marasca, FF-Oblačinska, PJ-Marasca, PJ-Oblačinska,
FJ-Marasca and FJ-Oblačinska were packed in polyethylene bags, while CJ-Marasca and CJ-Oblačinska were put
in glass bottles. All samples were stored at –18 °C until
analysis. Prior to analysis, samples were thawed at room
temperature. Samples FF-Marasca and FF-Oblačinska were
manually pitted and homogenised with hand blender
(Philips, Amsterdam, the Netherlands).

Determination of total phenols and antioxidant activity

Standards and reagents

The phenolic compounds were extracted as follows:
10 g of homogenised fruit (FF-Marasca/FF-Oblačinska) or
10 mL of juice (PJ-Marasca, PJ-Oblačinska, FJ-Marasca, FJ-Oblačinska, CJ-Marasca and CJ-Oblačinska) were mixed
with 30 mL of 80 % aqueous solution of ethanol. The mixture was extracted for 15 min in ultrasonic bath (Bandelin
Electronic GmbH&Co. KG, Berlin, Germany) preheated
to 50 °C, filtered through Whatman no. 40 filter paper
(Whatman International Ltd., Kent, UK) and made up to
50 mL in a volumetric flask with extraction solvent. The
obtained extracts were used for the determination of total
phenols (TP) and antioxidant activity (AA). TP were determined using the Folin-Ciocalteu colourimetric method
(30) with some modifications. Briefly, in 25-mL volumetric
flask was added: 0.25 mL of diluted extracts, 15 mL of
double distilled water, 1.25 mL of Folin-Ciocalteu reagent
and after 5 min, 3.75 mL of 20 % Na2CO3 solution. The
mixture was made up to 25 mL with extraction solvent
and incubated for 30 min at 50 °C. Absorbance was measured at 765 nm and TP were expressed as mg of gallic
acid equivalents (GAE) per g of dry matter.

Ethanol and hydrochloric acid were of reagent grade,
purchased from Gram-mol (Zagreb, Croatia). Methanol
and formic acid were of HPLC grade, purchased from Gram-mol. Anthocyanin standards (cyanidin-3-O-sophoroside
chloride, cyanidin-3-O-glucoside chloride and cyanidin-3-O-rutinoside chloride) were purchased from Extrasynthese (Lyon, France). Phenolic acid (chlorogenic, p-coumaric
and caﬀeic acids) standards were obtained from Sigma-Aldrich (Steinheim, Germany).

The AA was determined by FRAP method with a few
modifications (31). The FRAP reagent was prepared from
2.5 mL of 2,4,6-tripyridyl-s-triazine solution (10 mmol/L)
in hydrochloric acid (40 mmol/L) and 2.5 mL of iron(III)
chloride solution (20 mmol/L) mixed with 25 mL of acetate buﬀer (0.3 mol/L, pH=3.6). The volume of 2.08 mL of
FRAP reagent was mixed with 240 μL of distilled water
and 80 μL of diluted extract. The mixture was incubated
for 5 min at 37 °C before the absorbance was measured at
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593 nm. The FRAP values were calculated according to
the calibration curve for Trolox and expressed as mmol of
Trolox equivalents (TE) per g of dry matter.

Determination of total monomeric anthocyanins
For the determination of total monomeric anthocyanins (TMA) in FF-Marasca and FF-Oblačinska, 10 g of homogenised fruit were heat–reflux extracted for 10 min
with 20 mL of 80 % aqueous solution of ethanol and filtered through Whatman no. 40 filter paper. Extraction of
the residue was repeated under the same conditions. The
obtained extracts were combined in 50-mL volumetric
flask and made up to 25 mL with the extraction solvent.
The TMA in juices (PJ-Marasca, PJ-Oblačinska, FJ-Marasca, FJ-Oblačinska) and concentrates (CJ-Marasca,
CJ-Oblačinska) were determined directly from samples
using pH diﬀerential method (32). Mass fractions of TMA
were calculated and expressed as mg of cyanidin-3-glucoside equivalents per g of dry matter. All spectrophotometric measurements were performed by UV-VIS spectrophotometer (UNICAM HEλIOSβ UV-VIS spectrometer,
Thermo Spectronic, Cambridge, UK).

HPLC analysis of individual anthocyanins and HCA
Polyphenols were extracted by modified Wrolstad
protocol (33), where 5 g of homogenised fruit or 5 mL of
juice was mixed with 15 mL of 0.01 % hydrochloric acid in
30 % aqueous solution of ethanol. The mixture was sonicated for 15 min in Erlenmeyer flask at 50 °C, filtered
through Whatman no. 40 filter paper, and made up to 25
mL in a volumetric flask with extraction solvent. Separation of polyphenols was performed by HPLC, using a Varian ProStar system (Palo Alto, CA, USA) equipped with a
ProStar 230 solvent delivery module, injector Rheodyne
7125 and ProStar 330 UV/VIS-photo diode array (PDA)
detector. Polyphenols were separated on a Zorbax ODS
C18 column (250 mm×4.6 mm i.d., particle size 5 μm) including Zorbax ODS C18 guard column (10 mm×4.6 mm
i.d., 5 μm) (Agilent Technologies, Santa Clara, CA, USA).
The solvent composition and gradient elution conditions
were adopted from Tomás-Barberán et al. (34) with few
modifications. Three mobile phases (A, B and C) were
used instead of four, and solvents contained 2.5 % of formic acid instead of 5 %. The solvents for gradient elution
were 2.5 % formic acid solutions in methanol, and 2.5 %
formic acid solutions in water, mixed in diﬀerent proportions: A – water/methanol 95:5; B – water/methanol 88:12
and C – water/methanol 20:80. The following gradient was
used: 0–15 min 100 % A, 15–35 min 100 % B, 35–50 min 75
% B and 25 % C, 50–52 min 50 % B and 50 % C, and 52–60
min 100 % C. The flow rate was 1 mL/min. Operating conditions were: column temperature 20 °C, injection volume
20 μL, UV/VIS-PDA detection at 278 and 510 nm. Polyphenols were identified by comparing retention times and
spectral data with those of standards. Phenolic acids were
identified at 278 nm and anthocyanins at 510 nm. Quantification was performed by the external standard method.
Anthocyanin standards Cy-3-S, Cy-3-G, and Cy-3-R
were prepared as stock solutions in acidified methanol
(0.01 % hydrochloric acid in 100 % methanol) at the concentration of 200 mg/L. Phenolic acid standards for chlo-
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rogenic acid (CHA), p-coumaric acid (pCA) and caﬀeic
acid (CA) were prepared as stock solutions in 80 % methanol at the concentration of 50 mg/L. Working standard
solutions were prepared by diluting the stock solutions to
yield five concentrations of anthocyanins in the range
from 7.5 to 200 mg/L and of phenolic acids from 10 to 50
mg/L. Quantitative determinations were carried out using calibration curves of standards. For those compounds
lacking reference standards, identification was done according to the retention time, polarity and characteristic
UV/VIS spectra of sour cherry polyphenols as previously
reported (18,34). The Cy-3-GR was quantified by Cy-3-G
calibration curve, neochlorogenic acid (NCHA) by the
CHA curve, and unidentified derivative of caﬀeic acid
(CA-D) by the CA calibration curve. Since anthocyanins
are important polyphenols in sour cherry and significant
contributors to juice quality (from economical, nutritive
and food science perspective), they were monitored individually during processing to observe variations in their
stability, while HCA was monitored as total HCA. All
analyses were done in duplicates.

Statistical analysis
Experiments were designed as full factorial randomised experimental design (35). Descriptive statistics
was used to assess the basic information about the data.
Dependent continuous variables were contents of: TP,
TMA, AA, Cy-3-S, Cy-3-GR, Cy-3-G, Cy-3-R and HCA.
Independent categorical variables were: cultivar type and
technological processing steps. Continuous variables
were analysed using two-way ANOVA (multivariate analysis). Pearson’s linear correlation tested the relationship
between the pairs of continuous variables. Marginal mean
values were compared with Tukey’s multiple comparison
tests. Data are presented in tables as mean values±standard errors. The significance levels for all tests were
α≤0.05, while analyses were performed with IBM SPSS
Statistics (v. 22) (IBM Corp., Armonk, NJ, USA).

Results and Discussion
Influence of cultivar and processing on TP, TMA and AA
Data presented in Table 1 show that both sour cherry
cultivars had similar amounts of TP, while Marasca had
higher TMA than Oblačinska, with 7 % higher AA in
Oblačinska cv. Higher AA in Oblačinska cv. may be due to
the presence of other bioactive compounds besides anthocyanins, which are found in sour cherry, like vitamin C
and melatonin (8,36). Generally, TP and TMA values in
fresh fruit of both cultivars (Table 2) were similar to the
results previously published by other researchers (4,5,
7,37,38). However, Viljevac et al. (24) found higher values
of TP and TMA than those reported in Table 2. This is
likely due to extensive extraction with higher amounts of
extracted TP and TMA that these authors used. Similar to
our results, that study also reported both, higher TP and
TMA in Marasca than in Oblačinska cv. Furthermore, TP
and TMA values for Oblačinska were close to the results
by Khoo et al. (11), who examined Oblačinska among 34
investigated cultivars with 1.88 mg/g of TP and 1.05 mg/g
of TMA. In another group of samples (39), our research
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Table 1. Mass fractions of TP and TMA, and AA in the two sour cherry cultivars during diﬀerent processing steps
w/(mg/g)
TP
Cultivar

Processing step

AA/(mmol of TE/g)
TMA

AA

p=0.27

p≤0.05

p≤0.05

Marasca

(17.5±0.5)a

(3.83±0.06)a

(0.136±0.001)b

Oblačinska

(16.6±0.5)a

(3.43±0.06)b

(0.146±0.001)a

p≤0.05

p≤0.05

p≤0.05

Fresh fruit

(12.4±0.8)c

(2.42±0.08)d

(0.083±0.002)d

Pressed juice

(20.5±0.8)a

(4.03±0.08)b

(0.186±0.002)a

a

(0.155±0.002)b

c

(0.139±0.002)c

Filtered juice
Concentrated juice

(18.6±0.8)

a,b

(4.64±0.08)

b

(16.8±0.8)

(3.42±0.08)

Diﬀerent letters in the same column indicate significant diﬀerences (p≤0.05)
Results are expressed on dry mass basis as mean values±standard errors
TP=total phenols, TMA=total monomeric anthocyanins, AA=antioxidant activity, TE=Trolox equivalents

group detected three times higher values of TMA, but almost fourfold lower values of TP. This was likely due to
the influence of diﬀerent applied methods and environmental cultivation factors (e.g. light, temperature and
stress during cultivation), in addition to investigation of
one particular ecotype in that study (fruit samples in this
study were a mixture of ecotypes harvested for industrial
processing). The fresh fruit of both cultivars had the same
AA values (Table 2), which was in accordance with previous reports (4,8,29).

another study (15), which documented TP and TMA in
pressed, enzymatically treated and pasteurised juices from
11 Turkish sour cherry cultivars, values of TP and TMA in
our filtered juice were higher.
Both TMA and AA values increased after pressing,
when TMA reached maximum in filtered juices and AA
peaked in pressed juices (Table 1). Concentration step
negatively influenced TMA, likely due to the increase in
thermal instability initiated by high processing temperature (44). However, TMA still remained higher in concentrated juices compared to fresh cherries. Similar to previous reports (45), concentration of our samples modestly
decreased TMA. Considering the decrease of AA in filtered juices, it was found that fruit skin has the highest
AA (4), and its removal during filtration can cause decrease of AA observed in our results (Table 1), and also
reported elsewhere (45).

With regard to processing, the TP content was significantly higher in pressed, filtered and concentrated juices
than in the fresh cherry (Table 1). Mild temperature of 50
°C with enzymatic treatment prior to pressing likely triggered the increase of the TP in the pressed juices by breaking the cellular walls and promoting extraction of polyphenols (29,40–43). Moreover, mild heating inactivates
polyphenol oxidase that is present in cherries and responsible for degradation of anthocyanins and other polyphenols (44). In filtered and concentrated juices, TP decreased, but they were not significantly diﬀerent among
pressed compared to filtered juices, and among filtered
compared to concentrated juices (Table 1). Compared to

Both cultivars had similar amounts of TP in various
steps of concentrate production, except in the concentrated juice, where Marasca had higher TP content, but it was
not significant. Marasca had more TMA only in filtered
juice, and AA in pressed juice (Table 2). On the other

Table 2. Mass fractions of TP and TMA, and AA in the two sour cherry cultivars during various concentrate processing steps
Processing step

Fresh fruit
Pressed juice
Filtered juice
Concentrated juice

Cultivar

w/(mg/g)
TP

AA/(mmol of TE/g)
TMA

AA

p=0.45

p≤0.05

p≤0.05

Marasca

(13.5±1.1)a

(2.7±0.1)a

(0.078±0.003)a

Oblačinska

(11.4±1.1)a

(2.2±0.1)a

(0.089±0.003)a

a

a

(0.196±0.002)a

(4.0±0.1)

a

(0.176±0.002)b
(0.145±0.001)b

Marasca

(20.4±1.4)

a

(4.1±0.1)

Oblačinska

(20.7±1.4)

Marasca

(18.3±0.9)a

(5.2±0.1)a

a

b

Oblačinska

(18.8±0.9)

a

(4.1±0.1)

(0.165±0.001)a
a

Marasca

(17.9±0.8)

(3.38±0.09)

(0.123±0.002)b

Oblačinska

(15.7±0.8)a

(3.47±0.09)a

(0.155±0.002)a

Diﬀerent letters in the same column indicate significant diﬀerences (p≤0.05)
Results are expressed on dry mass basis as mean values±standard errors
TP=total phenols, TMA=total monomeric anthocyanins, AA=antioxidant activity, TE=Trolox equivalents
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(46), increase in antioxidant activity does not correlate
with anthocyanin content, whereas a strong correlation
with total polyphenols was reported. Still, antioxidant activity is strongly related to the content of anthocyanins
(15). Our preliminary results on polyphenolic composition and antioxidant activity in filtered Marasca juice
showed twofold higher AA (20) than that in the current
study (likely due to environmental eﬀects).

hand, Oblačinska had higher AA in two out of three processing steps. All other technological stages showed the
same amounts of TMA regardless of the cultivar.
There was no diﬀerence in the content of any polyphenols or AA in fresh fruit of both cultivars (Table 2). After the initial TP increase during pressing (Table 1), TP
levels decreased with further processing, and settled at 33
% in the final product of Marasca, and 38 % of Oblačinska
(Table 2). The TMA in both cultivars were well preserved
during the entire processing (Table 2), whereas filtered
juices had the highest amounts (Table 1). Decrease of
TMA during concentration (the most deteriorating stage
of production with regards to anthocyanins) was lower in
Oblačinska than in Marasca (Table 2). The AA values
showed somewhat similar trend as TMA in both cultivars,
with the highest values observed in pressed juices (Table
2). The Pearson’s linear correlation showed that AA
strongly increased with the increase of TP (R=0.6, p≤0.05)
and TMA (R=0.5, p≤0.05), indicating that the reported
polyphenols appear to be significant contributors to the
antioxidant activity (Fig. 1). According to Schüller et al.

Influence of cultivar and processing on individual
anthocyanins and HCA
The content of individual anthocyanins and HCA
(sum of individual phenolic acids) in the studied cultivars
during various steps of concentrate production is shown
in Table 3. In both cultivars four main anthocyanins were
identified, and are listed in the order of elution: Cy-3-S,
Cy-3-GR, Cy-3-G and Cy-3-R. The same anthocyanin profile had been reported previously in various sour cherry
cultivars (5,15,17,18,20,28,37).
Marasca cv. had significantly higher mass fractions of
Cy-3-S and Cy-3-GR than Oblačinska cv., while the
amounts of Cy-3-G and Cy-3-R in both cultivars did not
diﬀer significantly (Table 3). Similar to previous reports
(5,8,15–18,20,37), our results show that Cy-3-GR was the
dominant anthocyanin in both cultivars, while Cy-3-G
was present in lowest mass fractions (Table 3). Mass fractions of individual anthocyanins in Marasca and
Oblačinska cv. showed similar pattern to the already reported one by others (16–18,21). Diﬀerences in anthocyanin content and their composition across diﬀerent studies may be due to environmental factors, postharvest
processing and analytical approaches (8).
Marasca had significantly higher HCA content than
Oblačinska (Table 3), and in comparison with our previous research (18), current HCA values were slightly lower
(possibly due to use of microwave extraction).
Influence of processing on individual and total anthocyanins was the highest in filtered juices, whereas
HCA was the highest in pressed juice (Table 3). Increase
of anthocyanins was likely the result of pasteurisation

Fig. 1. Mass fractions of total phenols (TP), total monomeric anthocyanins (TMA) and antioxidant activity (AA) on dry mass
basis. TE=Trolox equivalents

Table 3. Mass fractions of individual anthocyanins and HCA in the two sour cherry cultivars during diﬀerent processing steps
w/(mg/g)

Cultivar

Processing
step

Marasca

Cy-3-S

Cy-3-GR

Cy-3-G

Cy-3-R

HCA

p≤0.05

p≤0.05

p=0.20

p=0.19

p≤0.05

(0.307±0.008)a

(2.75±0.05)a

(0.011±0.001)a

(1.10±0.03)a

(2.11±0.01)a

b

b

a

a

(1.70±0.01)b

Oblačinska

(0.217±0.008)

(2.30±0.05)

(0.009±0.001)

(1.16±0.03)

p≤0.05

p≤0.05

p≤0.05

p≤0.05

p≤0.05

Fresh fruit

(0.13±0.01)c

(1.32±0.08)c

(0.008±0.001)b

(0.72±0.04)c

(1.30±0.02)d

Pressed juice

(0.25±0.01)b

(2.62±0.08)b

(0.010±0.001)b

(1.18±0.04)a

(2.52±0.02)a

Filtered juice

a

(0.45±0.01)

(3.94±0.08)

a

(0.013±0.001)

a

(1.52±0.04)

a

(2.17±0.02)b

Concentrated juice

(0.23±0.01)b

(2.21±0.08)b

(0.009±0.001)b

(1.10±0.04)b

(1.62±0.02)c

Diﬀerent letters in the same column indicate significant diﬀerences (p≤0.05)
Results are expressed on dry mass basis as mean values±standard errors
Cy-3-S=cyanidin-3-sophoroside, Cy-3-GR=cyanidin-3-glucosylrutinoside, Cy-3-G=cyanidin-3-glucoside, Cy-3-R=cyanidin-3-rutinoside,
HCA=total hydroxycinnamic acids (sum of neochlorogenic, chlorogenic, caﬀeic, p-coumaric acids and unidentified derivative of caﬀeic
acid)
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Table 4. Mass fractions of individual anthocyanins and HCA in the two sour cherry cultivars during various concentrate processing
steps
w/(mg/g)
Cy-3-S

Fresh fruit
Pressed juice
Filtered juice
Concentrated
juice

Cy-3-GR

Cy-3-G

Cy-3-R

HCA

p≤0.05

p=0.24

p=0.45

p≤0.05

p≤0.05

Marasca

(0.169±0.006)a

(1.6±0.1)a

(0.008±0.001)a

(0.61±0.04)b

(1.71±0.02)a

Oblačinska

(0.084±0.006)b

(1.0±0.1)a

(0.007±0.001)a

(0.83±0.04)a

(0.90±0.02)b

a

a

b

(2.79±0.04)a
(2.25±0.04)b

a

Marasca

(0.27±0.01)

(2.7±0.1)

(0.010±0.001)

Oblačinska

(0.22±0.01)a

(2.5±0.1)a

(0.011±0.001)a

(1.28±0.01)a

a

a

(0.015±0.001)

a

a

(2.221±0.007)a

(0.012±0.001)

a

b

(2.116±0.007)b

Marasca
Oblačinska
Marasca
Oblačinska

(4.2±0.1)

(0.48±0.03)
(0.42±0.03)

a

(3.7±0.1)

a

(1.09±0.01)

(1.82±0.08)
(1.22±0.08)

(0.312±0.009)a

(2.5±0.1)a

(0.010±0.001)a

(0.89±0.07)b

(1.740±0.003)a

b

a

a

a

(1.502±0.003)b

(0.146±0.009)

(1.9±0.1)

(0.009±0.001)

(1.30±0.07)

Diﬀerent letters in the same column indicate significant diﬀerences (p≤0.05)
Results are expressed on dry mass basis as mean values±standard errors
Cy-3-S=cyanidin-3-sophoroside, Cy-3-GR=cyanidin-3-glucosylrutinoside, Cy-3-G=cyanidin-3-glucoside, Cy-3-R=cyanidin-3-rutinoside,
HCA=total hydroxycinnamic acids (sum of neochlorogenic, chlorogenic, caﬀeic, p-coumaric acids and unidentified derivative of caﬀeic
acid)

that took place prior to filtration. Samples in this research
were pasteurised, enzymatically treated and exposed to
high temperatures at short period of time, which likely
damaged plant cell walls and induced better extractability of bound pigments. This occurrence was detected in
our previous research (29).
Table 4 shows changes in mass fractions of individual
anthocyanins and HCA in both cultivars during entire
processing to concentrates. Fresh Marasca fruits and their
concentrated juices had higher content of Cy-3-S than
Oblačinska, while the same amounts were found in other
technological stages regardless of cultivar. Both cultivars
had the same amounts of Cy-3-G and Cy-3-GR through
all stages of production. Oblačinska yielded more of Cy-3-R than Marasca in pressed and concentrated juices,
while filtered Marasca juices had more of this compound.
Preliminary results published by our group were similar
to these findings with exception of Cy-3-R content, which
was lower in Oblačinska concentrates (20). Results showed
that Marasca had more HCA than Oblačinska in all analysed samples (Table 4). Similar relations of HCA in Marasca and Oblačinska concentrate had also been observed
previously (20).
In conclusion, anthocyanins and phenolic acids were
well recovered in the final products, which is in the interest of both consumers and food industry (28). Results of
our study demonstrated that industrial processing of sour
cherry Marasca and Oblačinska to concentrate retained
polyphenolic content and antioxidant activity, showing
that these cultivars are potentially good ingredients for
functional foods, especially Marasca due to rich polyphenolic content.

Conclusion
The obtained results showed that concentrated juices
from both sour cherry cultivars were rich in phenolic
compounds, with Marasca having higher polyphenolic
content than Oblačinska. The content of total phenols was

the highest in pressed juice, and of total anthocyanins in
filtered juice. Increase of individual and total anthocyanin
content was observed during processing from pressed to
filtered juice. Despite slight decrease of individual and total anthocyanins in concentrated juice, their amounts remained higher in the final product as compared to the
fresh fruit. Considering polyphenolic content, their composition and stability, processing of both cultivars to concentrated juice showed promising potential for the industrial purposes. Further investigations are required to give
precise evaluation of polyphenolic content and its changes
with processing of Marasca and Oblačinska sour cherries.
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