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 Summary
Introduction  –  Fruit and their products, including 

fruit wines, represent a rich source of natural bioac-
tive compounds. This study focusing on fruit wines 
(prepared from commercially grown fruits by Serbi-
an producers) has included the investigation of their 
chemical composition and biological activity. Materi-
als and methods  –  Black chokeberry, blueberry, rasp-
berry, blackberry and cherry were used for wine pro-
duction by innovative vinification procedure, with or 
without using sugar and enzymatic preparation gly-
cosidase, respectively. Selected phenolics were iden-
tified and quantified by UPLC/MS-MS analysis, while 
Total Phenolic Content (TPC) was determined by the 
Folin-Ciocalteu method. In addition to this, 2,2-diphe-
nyl-1-picrylhydrazyl (DPPH) and FRAP (Ferric Reduc-
ing Ability of Plasma) methods were applied for the 
preliminary evaluation of anti-DPPH radical activity 
and redox potential respectively at in vitro condi-
tions. Results and discussion  –  Among the fruit wines 
examined within this study, the blackberry one stood 
out for profound FRAP (115.23 mmol L-1 Fe2+), DPPH 
(1.11%) and TPC values (2,395 mg GAE L-1). On the 
other hand, the raspberry wine showed the lowest 
potential towards the aforementioned parameters. 
Using principal component analysis, these fruit wines 
were chemically differentiated, according to the pre-
dominant phenolic compounds. Conclusions  –  All fruit 
wine samples displayed a good antioxidant potential 
with the blackberry one being most potent. Such a 
finding is of particular importance for Serbia as one 
of the leading producers of this edible fruit both in 
Europe and rest of the world.
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Significance of this study
What is already known on this subject?
• Fruit antioxidants are well known for their health-

promoting properties.

What are the new findings?
• Blackberry fruit wines produced by innovative 

vinification procedure (partially based on sugar 
addition due to ethanol increasing) possessed a high 
content of phenolic compounds.

What is the expected impact on horticulture?
• The findings presented herein primarily may 

inspire the production of blackberry fruit wines (by 
vinification procedure encompassing use of both 
sugar and enzymatic preparation glucosidase) with a 
profound antioxidant potential.

Antioxidant potential of fruits and their products de-
rives from numerous naturally occurring compounds includ-
ing phenolic acids, flavonoids and anthocyanins (Cao et al., 
1997; Wang, 2003). For example, fruits are considered as a 
good source of hydroxycinnamic acids, first of all, caffeic, fe-
rulic, p-coumaric, sinapinic and chlorogenic acids (Meyer et 
al., 1998). In some cases, chlorogenic acid may be the most 
abundant phenolic (Robards et al., 1999). Hydroxybenzoic 
acid derivatives such as p-hydroxybenzoic, protocatechuic, 
vanillic and syringic acids are also present (Torres et al., 
1987). It is worth mentioning that during fruit processing 
these compounds retain in the final product (Czyzowska and 
Pogorzelski, 2002).

Berry-fruit wines are known for their good scaveng-
ing activity of free radicals (Heinonen et al., 1998; Pinhero 
and Paliyath, 2001). Additionally, phenolics from blueber-
ries have potential in the management of non-communica-
ble diseases (Stull et al., 2010; Johnson et al., 2011), while 
cherry wine displays a potent antioxidant potential (Yoo et 
al., 2010). Similarly, grape wine, riched with phenolic com-
pounds, also exhibits promising antioxidant potential (Protić 
et al., 2015; Đorđević et al., 2017a).

Till to date Europe has been well recognised for the pro-
duction of blackberries. In addition to this, Serbia is ranked 
first among its European producers. Indeed, such a trend has 
well contributed to the development of Serbian fruit wine 
production during last two decades (Strik et al., 2007; FAO, 
2012).

Introduction
Regular consumption of 5 to 7 portions of fresh fruit and 

vegetables, as well as two glasses of red wine a day, may posi-
tively affect human health (German, 1997). Antioxidant com-
pounds are partially responsible for food health-promoting 
effects, since they may prevent development of a broad range 
of diseases and disorders including heart disease and cancer 
(Dufresne and Farnworth, 2001).
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Unlike majority of previous studies in the field, this one 
has included several fruit kinds (Amidžić Klarić et al., 2011; 
Pantelić et al., 2014). Indeed, the focus has been on the pilot 
wine samples (not commercial ones) produced by innovative 
vinification procedure, i.e., with or without using sugar and 
enzymatic preparation glycosidase (EPG), respectively. Sugar 
and enzyme were added to the fruit must due to the investi-
gation of their influence both on the content of phenolic com-
pounds and antioxidant potential of the selected fruit wine 
samples. The overall aim was to differentiate fruit wines ac-
cording to the phenolic profiles.

Materials and methods

Plant material
The fruits were purchased from commercial produc-

ers during 2014 (phytosanitary health, 100%): blackberry 
(Rubus sp.) cultivar Čačanska bestrna was from Bojnik, Ser-
bia; raspberry (Rubus idaeus) cultivar Meeker from Valjevo, 
Serbia; black chokeberry (Aronia melanocarpa Heynh.) and 
blueberry (Vaccinium myrtilus) were from the region of Rud-
nik mountain, Serbia; sour cherry (Prunus cerasus L.) cultivar 
Šumadinka was from the region of Grocka, Serbia.

Wine making
The experiments were divided in two sets. In both cas-

es, fruit was firstly disintegrated. Subsequently, 10 g of 
K2S2O5 100 kg-1 was added to the obtained pomace. The first 
set included the control without added sugar. Total soluble 
solids (expressed in °Brix) were measured in the fruit pom-
ace of the first set. Aiming to increase total soluble solids of 
must up to 20.5 °Brix, sugar was added in the second set. 
Within the aforementioned sets of the experiment, two sub-
sets were performed. While the first sub-set included addi-
tion of 2 g of enzymatic preparation glycosidase (EPG 100 g-1; 
Enartis, Italy), the second one omitted its use. Both sub-sets 
were inoculated with pure culture of the selected commer-
cial wine yeasts (ICV D254, Lallemand, Canada, and Lievito 
Secco, Enartis, Italy) in the amount of 20 g 100 kg-1, respec-
tively. Both yeasts, that represent a Saccharomyces cerevi-
siae strain, have been previously used in the vinification of 
grape and fruit wines in Serbia. Stone fruit (sour cherry) was 
processed in the same way. Actually, there were two sets of 
pomace fermentation, with and without pit. The set with pit 
was expected to be enriched with phenolics due to ethanol 
extraction during fermentation in vinification barrels with 
pigeage system (Hromil, Kovilj-Serbia). More precisely, 25 kg 
of fruit was fermented in the barrels of 30 L. Alcohol fermen-
tation was conducted at 20°C over 7 to 10 days. During this 
process, the pomace was stirred twice a day. After fermen-
tation, each fruit wine was separated from the pomace by 
sedimentation. Afterwards, they were racked off the lees and 
kept at 12°C for the next six months, until further studies.

Physicochemical properties of fruit wines
pH value was determined by a microprocessor-based 

pH/mV/°C pH 212 (Hanna Instruments, Woonsocket, RI, 
USA). Further, 25 mL was titrated with 0.25 M NaOH aiming 
to estimate Total Titratable Acidity (TTA) of the fruit wine 
samples. The titration endpoint (pH 7.0 ± 0.5) was indicated 
by pH meter. Total Soluble Solids (TSS, expressed in °Brix) 
were measured in the fruit juice using the refractometer 
PAL-87S (Atago, Tokyo, Japan). The alcohol concentration 
was determined by the alcohol density meter DMA 35 (Anton 
Paar, Graz, Austria) after samples distillation. The strength 

by volume (vol. %) was calculated using 20°C/20°C tables 
(OIV, 2009).

Standards and reagents
All chemicals and reagents of analytical grade were 

purchased from Sigma Aldrich (Steinheim, Germany). The 
Premium Syringe Filters (Captiva) Regenerated Cellulose 
(0.45 μm, 15 mm) were obtained from Agilent Technologies 
(Santa Clara, CA, USA). Water HPLC grade was provided by 
Ultrapure Water System Arium pro UV Sartorius (Göttingen, 
Germany).

Solid Phase Extraction (SPE)
Aiming to decrease the influence of the matrix during 

phenolics identification, solid-phase extraction (SPE) was 
applied, Oasis HLB 6CC 200 mg cartridges (Waters, Milford, 
MA, USA) (Kaihkonen et al., 2001). While the fruit wine sam-
ples were filtered through syringe filter, SPE was performed 
as described by Ferreiro-González et al. (2014), with some 
modification. The conditioning of cartridges and equilibra-
tion were carried out with 5 mL of methanol and HPLC-grade 
water, respectively. Furthermore, 5 mL of each sample was 
loaded. The washing was conducted both with 5 mL of HPLC- 
grade water and 5% methanol. The eluation was carried out 
with 6 × 1 mL of methanol containing 0.1% formic acid. Fi-
nally, each sample was evaporated to dryness, reconstituted 
in 1 mL of solution like gradient at the start and used for the 
analysis.

UPLC/MS-MS analysis 
UPLC/MS-MS analysis was performed using a Waters 

Acquity Ultra Performance H-Class System (Waters, Mil-
ford, MA, USA). UPLC separation was achieved on the Ac-
quity UPLC BEH C18 column (1.7 µm, 150 mm × 2.1 mm i.d.). 
During analysis, the column was kept at 40°C, while the flow-
rate and injection volume were 0.4 mL min-1 and 1.0 µL, re-
spectively. The mobile phase consisted of 0.2% formic acid 
in water (solvent A) and acetonitrile (solvent B). The follow-
ing gradient was used: 0–0.5 min 95% solvent A; 0.5–8.0 
min 50% solvent A (linear change in the composition of the 
mobile phase); 8.0–10.0 min 95% solvent A. Phenolic com-
pounds were identified by comparing their retention times 
(tR) and mass spectra with the relevant standards. IntelliStart 
program (Waters, Milford, MA, USA; 2005) provided param-
eters that were used for quantification (Table 1). UPLC was 
coupled with a triple quadrupole mass spectrometer Acquity 
TQD (Waters, Milford, MA, USA) with the software MassLynx 
4.1 (Waters, Milford, MA, USA; 2005). Finally, the ionisation 
source conditions were as followed: capillary voltage of 4 kV, 
source temperature of 150°C and desolvation temperature of 
450°C, with a flow rate of 650 L h-1. Nitrogen and argon were 
used as cone and collision gases, respectively.

Ferric Reducing Ability of Plasma (FRAP) test
Redox potential of the fruit wine samples was deter-

mined using the Ferric Reducing Ability of Plasma (FRAP) 
test (Benzie and Strain, 1996). The obtained results were ex-
pressed in mmol L-1 Fe2+.

2,2-diphenyl-1-picrylhydrazyl (DPPH)
Anti-DPPH radical activity of the fruit wine samples 

was evaluated as previously described (Blois, 1958). The 
obtained results were expressed as a reciprocal value I (%) 
multiplied by 100.
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Total Phenolic Content (TPC)
Total Phenolic Content (TPC) of the fruit wine samples 

was estimated by the Folin–Ciocalteu (FC) method using gal-
lic acid as a standard (Woraratphoka et al., 2007). The re-
sults were expressed in mg L-1 of gallic acid equivalents (mg 
GAE L-1).

Total FRAP corrected 
Dilutions with free SO2 concentrations from 10 to 25 mg 

L-1 were prepared (initial solution: 0.075 g tartaric acid in 
1 L distilled water). pH value 3.26 was the average one for 
the analysed samples. The concentration of free SO2 (ranging 
from 10 to 25 mg L-1) was adjusted by K2S2O5 addition. Iodo-
metric titration according to Ripper was used for estimation 
of free SO2 concentrations (Tanner and Brunner, 1979). The 
absorbance was recorded at 593 nm. Corrected FRAP value 
(FRAPcorrected) was obtained from difference between FRAP 
value of the fruit wine sample with free SO2 (FRAPtotal) and 
model solution value with the same SO2 content (FRAPmodel 
solution) (Figure 1). 

Statistical analysis
Statistical analysis was conducted by using the software 

SPSS Statistic V22.0 (IBM, Chicago, IL, USA; 2014); t-test for 
the paired samples; two-way ANOVA, with Tukey post hoc 
test for subgroup differences; and Principal Component 
Analysis (PCA). Linear regression correlation analysis was 
obtained by Origin Pro 8 (OriginLab, Northampton, MA, USA; 
2008) (Figure 1).

Results and discussion
Physicochemical properties were determined in all fruit 

wine samples (Table 2, Supplementary material). TSS con-
tent in must enables prediction of alcohol content (Vol. %) 
in the wine. On the other hand, wine’s pH directly affects its 
flavour and aroma.

UPLC/MS-MS analysis
The relevant fruit wine samples prepared without sugar 

and EPG were compared with those ones made with sugar 
and/or EPG (Table 3). Actually, the sugar content signifi-
cantly affected the content of selected phenolic compounds 
(p < 0.05). Higher sugar content before fermentation leads to 
more abundant alcohol content in the final product (Table 2, 
Supplementary material). Compared with grape, the fruit 
juices are usually lower in sugar and higher in acids (Swa-
mi et al., 2014). EPG liberates phenolics from the glycoside 
form. This is supported by Eder et al. (2000) who reported 
that EPG increased the content of resveratrol free isomers 
in grape wines. Different wine cultivars and winemaking 
techniques significantly affected the phenolic content in the 
grape wine (Atanacković et al., 2012). The optimal conditions 
for the production of red wines enriched with phenolics may 
also be applied to the fruit wines. Grape wine represents a 
good source of phenolics such as epicatechin, catechin and 
phenolic acids, the compounds that are also abundant in the 
fruit wines (Đorđević et al., 2017b). In essence, grape wine 
technology is similar to those of the fruit wine (Joshi, 2009).

Table 1.  The conditions for identification and quantification of phenolic compounds.

Phenolic compound Molecular 
formula Mass

Ionisation 
mode
ESI

MRM 
transition

Cone 
voltage 

(V)

Collision 
energy 

(eV)

tR

(min)

Epicatechin C15H14O6 290 + 291→139 26 16 4.49
Sinapinic acid C11H12O5 224 + 225→175 12 14 5.47
Gallic acid C7H6O5 170 - 169→125 30 20 1.68
Protocatechuic acid C7H6O4 154 - 153→109 30 20 2.94
p-Hydroxybenzoic acid C7H6O3 138 - 137→  93 30 20 3.85
Catechin C15H14O6 290 + 291→139 26 20 3.96
Chlorogenic acid C16H18O9 354 + 355→163 20 12 3.93
Vanillic acid C8H8O4 168 + 169→  93 26 14 4.34
Caffeic acid C9H8O4 180 - 179→135 30 20 4.27
p-Coumaric acid C9H8O3 164 - 163→119 22 22 5.07
Ellagic acid C14H6O8 302 - 301→163 50 56 7.06

ESI – Electrospray Ionisation; MRM – Multiple Reaction Monitoring; tR – Retention time.

 

 
 
 
 
 
 
FIGURE 1.  Linear correlation between free SO2 and FRAPmodel solution. 
 
 
  

Figure 1.  Linear correlation between free SO2 
and FRAPmodel solution.
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Table 2.  Physico-chemical characterisation of the fruit wine samples.

Type of fruit Type of 
vinification

Lievito Secco yeast ICV D254 yeast

Total soluble 
solids must

(°Brix)
pH

Total titratable 
acid 

(malic acid 
g L-1)

Alcohol 
content
(Vol. %)

Total soluble 
solids must

(°Brix)
pH

Total titratable 
acid 

(malic acid 
g L-1)

Alcohol 
content
(Vol. %)

Black 
chokeberry

control 11.50 3.60 10.00   6.61 11.94 3.55   9.32   6.87 

Black 
chokeberry

+ sugar
− enzyme

18.54 3.66 10.70 10.92 18.66 3.45   9.32 11.02

Black 
chokeberry

− sugar
+ enzyme

11.69 3.61 10.35   6.73 12.07 3.53   8.97   6.95

Black 
chokeberry

+ sugar
+ enzyme

18.83 3.65 9.32 11.11 19.10 3.57   9.66 11.23

Blueberry control 14.21 2.86 6.76   8.27 14.54 2.94   6.55   8.45
Blueberry + sugar

− enzyme
18.31 2.85 7.94 10.8 18.90 2.91   7.18 11.15

Blueberry − sugar
+ enzyme

14.54 2.86 7.25   8.45 14.66 2.90   8.28   8.57

Blueberry + sugar
+ enzyme

18.64 2.91 7.73 10.95 19.21 2.84   7.59 11.31

Blackberry control 13.37 2.81 8.28   7.77 13.66 2.81   6.76   7.93
Blackberry + sugar

− enzyme
17.20 2.90 7.45 10.11 17.40 2.86   6.62 10.20

Blackberry − sugar
+ enzyme

13.58 2.83 8.14   7.88 13.83 2.76   6.42   8.03

Blackberry + sugar
+ enzyme

17.57 2.91 9.32 10.31 17.70 2.90   6.76 10.43

Raspberry control 12.83 3.26 13.46   7.41 12.61 3.12 13.11   7.27
Raspberry + sugar

− enzyme
16.11 3.15 13.80   9.41 15.89 3.08 12.08   9.28

Raspberry − sugar
+ enzyme

13.18 3.30 12.77   7.63 12.88 3.20 10.90   7.45

Raspberry + sugar
+ enzyme

16.72 3.00 13.46   9.81 16.53 2.98 10.00   9.67

Sour cherry control
− pit

12.04 3.43 6.90   6.93 11.82 3.80   5.60   6.79

Sour cherry + sugar
− enzyme/−

pit

17.96 3.34 8.14 10.54 17.79 3.53   8.69 10.44

Sour cherry − sugar
+ enzyme/−

pit

12.32 3.20 8.63   7.12 12.18 3.37 8.90   7.01

Sour cherry + sugar
+ enzyme/−

pit

18.44 3.34 7.25 10.85 18.17 3.31     8.63 10.67

Sour cherry control
+ pit

12.61 3.45 6.90   7.27 12.43 3.46   7.80   7.18 

Sour cherry + sugar
− enzyme/+pit

18.58 3.44 7.94 10.92 18.42 3.33   6.55 10.85

Sour cherry − sugar
+enzyme/+pit

12.92 3.45 6.90   7.48 12.64 3.29   7.04   7.31

Sour cherry +sugar
+enzyme/+pit

18.95 3.55 7.94 11.18 18.81 3.59 6.55 11.06

Abbreviations: control - without sugar and enzymatic preparation glycosidase; + sugar - with sugar; − sugar - without sugar; + enzyme - with enzyme; 
− enzyme -without enzyme; + pit - with pit; − pit - without pit.
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Sour cherry pomace was fermented in two ways (with 
and without pit), due to the impact of the pit on the wine 
phenolics content (Table 3). The samples fermented with 
Lievito Secco yeast were significantly different (p < 0.05) in 
most of the cases except for those produced without sugar/
with EPG (p > 0.05). However, the use of another yeast strain 
(ICV D254) lead to the fruit wine samples produced without 
sugar and EPG (p < 0.05) as the only different one.

In order to estimate the influence of vinification proce-
dure and fruit type on the content of phenolic compounds, 
two-way ANOVA analysis was applied. Indeed, vinification 
procedure did affect the content of phenolic compounds 
(p < 0.05): the highest content was found in the samples 
prepared with sugar and EPG. Furthermore, the samples 
prepared with sugar/without EPG were richer in phenolics 
than those without sugar and with or without EPG. Finally, 
the samples prepared without sugar/with EPG contained 
more phenolic compounds than those made without sugar 
and EPG.

Similarly, fruit type was also found to affect the phenolics 
content in all cases (p < 0.05).

The most abundant compound in cherry wine samples 
was chlorogenic acid (695.91–757.43 µg mL-1), while caffeic 
and p-coumaric acids were present in lower concentrations. 
These samples prepared with sugar, EPG, pit and ICV D254 
yeast were enriched with caffeic acid (131.53 µg mL-1). On 
the other hand, p-coumaric acid content ranged from 2.39 
to 6.33 µg mL-1. Chlorogenic and caffeic acid were higher in 
cherry wines than blackberry and raspberry ones (p < 0.05). 
Additionally, the samples prepared with pit were richer in 
caffeic acid than blueberry ones (p < 0.05). However, the same 
was not observed for cherry wines prepared without pit. 
On the other hand, p-coumaric acid was more abundant in 
these wines compared with blueberry, raspberry and black-
berry ones (p < 0.05). These findings go well in accordance 
with the previous ones claiming that chlorogenic acid was 
predominant in cherry wine (Czyzowska and Pogorzelski, 
2002; Pantelić et al., 2014). Among hydroxybenzoic acid de-
rivatives, protocatechuic acid (159.32–194.40 µg mL-1) was 
most abundant, as previously reported both for cherry wine 
and cherry fruit (Pantelić et al., 2014; Szwajgier et al., 2014). 
Actually, these wine samples were found to possess a higher 
content of protocatechuic acid than blueberry and raspberry 
ones (p < 0.05). The same wines were richer in p-hydroxy-
benzoic acid than black chokeberry, blueberry and black-
berry wines (p < 0.05). Compared with others, cherry wines 
stood out due to their high content of vanillic acid (111.82 
µg mL-1) (p < 0.05). Epicatechin and catechin contents were 
in a good agreement with the existing literature data (De 
Pascual-Teresa et al., 2000). Indeed, these two compounds 
were more abundant in cherry wines compared to the black 
chokeberry, blackberry and raspberry ones (p < 0.05). Ellagic 
acid was also identified, as reported thus far (Pantelić et al., 
2014).

Hydroxycinnamic acid derivatives were the major ingre-
dients of the blueberry wine samples (Table 3). More pre-
cisely, chlorogenic acid was the leading compound (730.88–
814.48 µg mL-1). Actually, these samples were enriched with 
chlorogenic acid, compared to blackberry, raspberry and 
cherry wines (p < 0.05). Similar trend has been observed for 
blueberries and raspberries: the former fruit was enriched 
with the aforementioned acid (Kaihkonen et al., 2001).

Blueberry (prepared with Lievito Secco yeast) and black 
chokeberry (using the same yeast) wines were higher/lower 
in chlorogenic acid respectively than black chokeberry wines 

prepared with ICV D254 yeast (p < 0.05). Furthermore, caf-
feic and p-coumaric acids were in the ranges 95.77–125.40 
and 1.73–3.95 µg mL-1, respectively. Indeed, these samples 
contained more caffeic acid than blackberry and raspberry 
ones (p < 0.05). Both compounds have been known as the 
abundant ones in blueberries (Häkkinen et al., 1999; Zader-
nowski et al., 2005). The same wine samples were richer in 
gallic acid, compared to black chokeberry and cherry ones 
(p < 0.05). Protocatechuic acid was the most abundant hy-
droxybenzoic acid derivative, as previously reported (Zad-
ernowski et al., 2005). Additionally, Häkkinen et al. (1999) 
confirmed the presence of p-hydroxybenzoic acid in blueber-
ries. Hydroxycinnamic were more abundant than hydroxy-
benzoic acid derivatives, as described before (Zadernowski 
et al., 2005). Epicatechin and catechin were also identified, as 
expected (Liwei et al., 2003). Blueberry wines were enriched 
with epicatechin (65.84 µg mL-1) (p < 0.05). Such a finding is 
well supported by a Dutch study (Arts et al., 2000).

High content of chlorogenic, protocatechuic, p-coumaric 
and caffeic acids was found in the analysed fruit wine samples 
(Table 3). Indeed, chlorogenic (827.55 µg mL-1) and protocat-
echuic (724.54 µg mL-1) acids were principal ingredients of 
black chokeberry wines. These samples actually represent-
ed richest source of protocatechuic acid (p < 0.05). Further, 
chlorogenic acid was higher compared to blackberry, rasp-
berry and cherry wine samples (p < 0.05). These findings go 
well in accordance with the findings of a Finnish study on the 
berries (Kaihkonen et al., 2001) along with two other stud-
ies (Szwajgier et al., 2014; Grunovaite et al., 2016). By the 
way, p-hydroxybenzoic acid has been previously detected in 
chokeberry (Szwajgier et al., 2014). The measured content of 
caffeic and p-coumaric acids is in line with the existing liter-
ature data (Häkkinen et al., 1999). Actually, black chokeberry 
wines were found to be enriched with the aforementioned 
compounds (p < 0.05). A Polish study reported a high con-
tent of p-coumaric acid in black chokeberry (Szwajgier et 
al., 2014). On the contrary, the content of catechin (2.34 µg  
mL-1) and ellagic acid (15.61 µg mL-1) was poor in black 
chokeberry, while the findings for ellagic acid are in line with 
the previous ones (Häkkinen et al., 1999; Szwajgier et al., 
2014).

Two major compounds of blackberry wines were gallic 
and protocatechuic acids (126.40–196.55 µg mL-1). Compared 
with others, blackberry wines were enriched with gallic acid 
(p < 0.05). Also, the same wines contained higher content of 
protocatechuic acid compared to blueberry, raspberry and 
cherry ones (p < 0.05). However, this acid is more abundant 
in blackberry fruit (Zadernowski et al., 2005). Hydroxyben-
zoic acid derivatives such as p-hydroxybenzoic and vanillic 
acids were also identified (Table 3). Gallic acid was the major 
compound in the study focused on the Croatian blackberry 
wines (Amidžić Klarić et al., 2011). The obtained results are 
in a good agreement with the literature ones claiming that 
blackberries represent a rich source of gallic, protocatechuic 
and vanillic acids (Zadernowski et al., 2005). As in the study 
of Mosel and Herrmann (1974), protocatechuic acid was the 
most abundant compound. Among hydroxycinnamic acid de-
rivatives, chlorogenic acid was found. It is worth mentioning 
that these samples contained the lowest concentrations of 
caffeic (2.24 µg mL-1) and p-coumaric (1.22 µg mL-1) acids. 
Such findings are in line with the previously reported ones 
(Amidžić Klarić et al., 2011). Zadernowski et al. (2005) found 
both caffeic and p-coumaric acids in blackberries. In some 
cases, p-coumaric acid was esterified (Mertz et al., 2007). 
Furthermore, these samples were enriched with sinapinic 
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acid, compared to black chokeberry, blueberry and cherry 
wines (p < 0.05). In any way, both catechin and epicatechin 
were previously reported for blackberries (Arts et al., 2000; 
Liwei et al., 2003; Mertz et al., 2007). Within this study, ellag-
ic acid was highest in blackberry wines (p < 0.05). The same 
acid was highlighted in the study encompassing different 
blackberry cultivars (Siriwohaen and Wrolstad, 2004).

Hydroxybenzoic acid derivatives were the most abun-
dant compounds in raspberry wine samples (Table 3). Gal-

lic acid was the leading compound with the content varying 
from 127.46 to 171.70 µg mL-1.

Indeed, its content was higher in raspberry than in black 
chokeberry, blueberry and cherry wines (p < 0.05). p-Hy-
droxybenzoic acid content also stood out (p < 0.05). The rel-
evant literature data are in line with such findings (Mosel 
and Herrmann, 1974; Häkkinen et al., 1999). High content of 
protocatechuic acid (108.56 µg mL-1) was also observed, as 
previously reported (Mattila and Kumpulainen, 2002). The 

Table 4. FRAP, DPPH and Total Phenolic Contents (TPCs) of the selected fruit wine samples.

Type of fruit Type of 
vinification

Lievito Secco yeast ICV D254 yeast
FRAP corrected 
(mmol L-1 Fe2+)

Total Phenolic Content
(mg GAE L-1)

FRAP corrected 
(mmol L-1 Fe2+)

Total Phenolic Content
(mg GAE L-1)

Black chokeberry control 72.87 2351.00 72.38 2358.54
Black chokeberry + sugar

− enzyme
83.70 2471.40 82.90 2482.45

Black chokeberry − sugar
+ enzyme

75.26 a,** 2381.58 a,** 77.19a,** 2390.66 a,**

Black chokeberry + sugar
+ enzyme

86.35 b,** 2500.47 b,** 87.13b,** 2520.40 b,**

Blueberry control 70.11 2259.33 70.43 2274.14
Blueberry + sugar

− enzyme
79.61 2412.52 84.02 2419.44

Blueberry − sugar
+ enzyme

75.69 a,** 2294.45 a,* 75.18 a,** 2316.34 a,*

Blueberry + sugar
+ enzyme

87.78 b,** 2457.56 b,* 87.36 b,** 2459.43 b,*

Blackberry control 97.17 2262.33 100.25 2268.33
Blackberry + sugar

− enzyme
109.11 2351.64 109.16 2358.70

Blackberry − sugar
+ enzyme

101.52 a,* 2297.71 a,* 104.52 a,** 2303.56 a,*

Blackberry + sugar
+ enzyme

111.77 b,* 2388.59 b,* 115.23 b,** 2395.30 b,*

Raspberry control 22.59 1448.44 23.42 1441.61
Raspberry + sugar

− enzyme
29.83 1498.54 29.18 1496.50

Raspberry − sugar
+ enzyme

25.44 a,** 1483.56 a,* 26.44 a,* 1471.27 a,*

Raspberry + sugar
+ enzyme

34.85b,** 1544.37 b,* 32.06 b,* 1531.44 b,*

Sour cherry control
− pit

50.33 1855.43 52.55 1860.45

Sour cherry + sugar
− enzyme/−pit

58.68 2141.58 60.30 2148.45

Sour cherry − sugar
+ enzyme/−pit

55.43 a,* 1953.29 a,* 54.48 a,* 1959.42 a,**

Sour cherry + sugar
+ enzyme/−pit

61.20 b,* 2214.37 b,* 62.21 b,* 2219.65 b,**

Sour cherry control
+ pit

52.12 1915.47 54.27 1921.48

Sour cherry + sugar
− enzyme/+pit

61.47 2165.52 62.50 2170.36

Sour cherry − sugar
+enzyme/+pit

56.26 a,* 1989.40 a,** 59.76 a,** 1994.30 a,**

Sour cherry +sugar
+enzyme/+pit

63.54 b,* 2276.52 b,** 64.89 b,** 2281.52 b,**

a – significantly different from wine without sugar and enzymatic preparation glycosidase.
b – Significantly different from wine with sugar and without enzymatic preparation glycosidase.
* p < 0.05; ** p < 0.01.
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content of protocatechuic and gallic acids in the blackberry 
wines was higher than in the raspberry ones, as described 
before (Mosel and Herrmann, 1974). The lowest content of 
vanillic acid in the raspberry wines (21.28 µg mL-1) is in a 
good agreement with literature records (Mattila and Kum-
pulainen, 2002; Szwajgier et al., 2014). On the other hand, 
sinapinic acid was the most abundant (33.14 µg mL-1). Also, 
p-coumaric and caffeic acids were found, as previously re-
ported (Häkkinen et al., 1999; Mattila and Kumpulainen, 
2002). The lowest content of chlorogenic acid in raspberry 
wines (0.98 µg mL-1) is in line with the aforementioned Finn-
ish study (Kaihkonen et al., 2001). Furthermore, ellagic acid 
was present in a considerable amount, higher than those of 
the black chokeberry and blueberry wines (p < 0.05). How-
ever, ellagic acid was lower in the raspberry wines than the 
blackberry ones, as previously reported by Milivojević et al. 
(2011). Finally, catechin and epicatechin contents were in ac-
cordance with the previous findings (Arts et al., 2000; Liwei 
et al., 2003).

Different experimental sets in vinification did show effect 
on TPC. The highest and lowest TPCs were found for the black 
chokeberry (2,520 mg GAE L-1) and raspberry (1,441 mg 
GAE L-1) wine samples, respectively. According to two-way 
ANOVA analysis, the lowest TPC values were found for the 
samples without sugar and EPG and vice versa (Table 4). 
In addition to this, no interactions between the selected two 
factors were observed. Black chokeberry wines possessed 
higher TPC, compared to other fruit berries samples. The 
same trend was also observed by Zheng and Wang (2003). 
However, lower TPC values for blueberry wines exist in the 
available literature (Concepcion et al., 2003). Compared to 
the raspberry wines, higher TPC values were found for the 
blackberry ones, as described before (Moyer et al., 2002). 
Further, cherry and raspberry wines were found to possess 
lower TPC than the blueberry ones, as also reported by 
Vasantha Rupasinghe and Clegg (2007).

Quantitative differences throughout literature data 
may depend on the selection of cultivars, different climate 
conditions and/or sample preparation (Halvorsen et al., 
2002). Dietary intake of phenolic acids is very important. 
Taking into account that berries represent a rich source 
of these compounds, they should have a significant role in 
the diet (Tomas-Barberan and Clifford, 2000; Mortaş and 
Şanlıer, 2017). Indeed, a Norwegian study supports such 
a claim (Halvorsen et al., 2002). Additionally, some fruit-
derived products such as juices also represent a good source 
of dietary antioxidants (Bhardwaj et al., 2014). For example, 
p-coumaric, caffeic and chlorogenic acids are known for 
their ability to block LDL oxidation in humans (Meyer et al., 
1998). Berry fruits also positively affect cognitive function in 
humans, along with reducing the risk for neurodegenerative 
diseases (Lamport et al., 2014).

Antioxidative potential
The highest and lowest redox potentials (FRAP method) 

were observed for the blackberry (115.23 mmol L-1 Fe2+) and 
raspberry (22.59 mmol L-1 Fe2+) wine samples, respectively 
(Table 4). As for anti-DPPH radical activity, the highest 
(1.11%) and lowest (5.25%) potentials were found for 
blackberry and raspberry wine samples. Both parameters 
most likely depend on the cumulative (synergistic) effect 
of various compounds present in fruit wines. Generally 
speaking, berry fruits possess a good antioxidant potential, 
but to a varying degree. Higher alcohol level improved the 
extraction of phenolic compounds leading to the enhanced 

antioxidant potential of the final product. EPG also 
contributed to more profound antioxidant potential. Two-
way ANOVA analysis has pointed out that lowest FRAP values 
were found in fruit wine samples prepared without sugar 
and EPG and vice versa (Table 4). Statistically significant 
difference was noted for both factors (sugar and EPG) 
(p < 0.05). However, no interactions between these factors 
were observed. The obtained results are in a good agreement 
with the previous study focusing on berry fruits from Serbia 
that reported the highest/lowest FRAP and DPPH values for 
blackberry and raspberry, respectively (Mitic et al., 2014). On 
the other hand, the study on raspberries from Brazil supports 
the findings presented herein for anti-DPPH radical activity 
of the raspberry wine samples (Castilho Maro et al., 2013). 
Furthermore, the experimental data for redox potential of 
the blackberry wine samples are in line with the previous 
findings (Siriwohaen and Wrolstad, 2004). Compared with 
raspberry, Moyer et al. (2002) pointed out higher blackberry 
redox potential. Unlike cherries, black chokeberry and 
blueberry wines also possessed significant redox potentials. 
Vasantha Rupasinghe and Clegg (2007) also observed 
profound redox potential of blueberry. The same case is with 
blackberry, as reported thus far by Italian authors (Pellegrini 
et al., 2003). Finally, these authors reported about high redox 
potential of blueberry and raspberry, too.

Principal Component Analysis (PCA)
In order to make differentiation among experimental 

sets versus ten selected phenolics, grouping was carried 
out using the PCA statistical analysis with varimax rotation; 
the factor loadings below 0.3. were excluded. Kaiser-Meyer-
Olkin criterion was 0.6; the Bartlett’s test of sphericity 
showed statistical significance (p < 0.05). Two components 
were selected (93.2 variability, cumulatively), that was 
proven using the Cattell criterion. In brief, two groups are 
clearly distinguished: while the first one contains raspberry 
and blackberry, the second one includes cherry, blueberry 
and black chokeberry (Figure 2). As the most abundant 
compounds within the first group, gallic and sinapinic acids 
may be used for differentiation between the relevant fruit 

Figure 2.  Component plot in a rotated space.
1. raspberry wine; 2. blackberry wine; 3. black chokeberry 
wine; 4. blueberry wine; 5. sour cherry with pit; 6. sour 
cherry without pit.
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wines. Similarly, chlorogenic and caffeic acids may be as a 
fingerprint in the case of the fruit wines encompassed by the 
second group.

Conclusion
Phenolic profile and antioxidant potential of the 

selected fruit wine samples were influenced by variable 
factors applied during vinification. In addition to this, the 
aforementioned wines can be classified according to their 
phenolic profiles. Berries in general and blackberries in 
particular do represent an important source of naturally 
occurring antioxidants that may show health-promoting 
properties. Therefore, very moderate consumption of berry-
fruit wines may be recommended as a part of healthy (well-
balanced) diet.
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