Phenolic profile of some fruit wines and their antioxidant properties
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Abstract

The composition and content of individual phenolic compounds in various fruit wines and
overall antioxidant properties of these fruit wines were studied. Phenolic compounds were
separated by reverse phase (RP) HPLC techniques, and their content was determined by
means of mass spectrometer (MS) with triple quadrupole (TQ) analyser, which recorded
specific precursor-product transitions. Antioxidant activity was monitored by the following
spectrophotometric methods: DPPH, FRAP and Folin—Ciocalteu assay, respectively. Four
types of berries (raspberry, blackberry, chokeberry and blueberry), one type of pome
(apple) and one type of stone fruit (cherries) were used for the production of fruit wines.
Corresponding fruit wines were produced by microvinification with or without adding
sugar into the must before fermentation. Increase in alcohol level was responsible for the
increased content of phenolic compounds in fruit wine due to improved extraction con-
ditions. Produced fruit wines were preserved by adding SO, which interferes with the
determination of antioxidant activity of phenolic compounds. In this case, the develop-
ment of a correlation method based on FRAP assay was introduced. Fruit wines are a rich
source of substances which show beneficial effects on human health. Depending on the
fruit type, different antioxidant compounds were predominant in wine samples.
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Fruits and vegetables are a rich source of com-
pounds exhibiting beneficial effects on human health.
One of the most interesting compounds for researchers
today are dietary polyphenols [1]. The diet with high
intake of food rich in phenolic compounds is associated
with a lower risk of heart diseases. It can be seen from
the fact that phenolic compounds slow down the prog-
ression of atherosclerosis by protecting low density
lipoproteins (LDL) from oxidation [2]. Wine is a rich
source of compounds which exhibit beneficial effects
on human health, with polyphenols as the most impor-
tant. Active ingredients from grape seed, procyanidins
and proanthocyanidins, are used in medicinal products
for the treatment of circulatory disorders such as capil-
lary fragility and microangiopathy of the retina. Procya-
nidins and proanthocyanidins showed antioxidant
plasma activity, reduction of platelet aggregation and
increase in the resistance of healthy cells to toxicants
and carcinogenic agents [3]. The latest studies on
biological activity have focused mainly on wines made
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from red grape varieties and particularly emphasized
trans-resveratrol [4].

It is well known that wine can be made from various
types of fruit. There are just a few papers reporting on
biological activity of wine made from fruit. While it is
true that fruit wines are being increasingly consumed,
they are underestimated by scientific research for no
valid reason. A couple of studies have shown that fruit
wines are a rich source of phenolic compounds capable
of demonstrating antioxidant properties in vivo [5,6]
and significantly decreasing the risk of cardiovascular
diseases [7].

In the production process of berry and fruit wines,
pressed juice is obtained from apples, pears, cherries,
plums, peaches, red currants, gooseberries, bilberries,
cranberries, raspberries, hip berries and rhubarb. Ind-
ustrial production of berry and fruit wines exists in
many countries. A well-known product is apple wine
(cider) which is common in France, the United Kingdom
and the United States. Besides cider, pear wine known
as "poire” is also produced in France [8]. South Korea
has a long tradition of making wine from raspberries
[9,10] and plums [11]. The process of berry and fruit
wine-making is the same as making wine from grapes.
In general, berry or fruit mash is first pressed and then
the pressed juice undergoes fermentation [5]. The fact
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which encourages producers of fruit wines is that
global annual fruit production in 1996 amounted to 469
million t and it continues to grow every year at the
average rate of 1.6% [12].

Antioxidant properties of commercial fruit wines
have been investigated in recent times. The wines in
these studies were made mostly from just a few kinds
of fruit. The aim of our study was to produce wine from
different kinds of fruit in the controlled conditions of
microvinification and to determine physicochemical
parameters, antioxidant properties and quantitative
content of specific phenolic compounds.

MATERIALS AND METHODS

Plant material

Raspberry fruit (Rubus idaeus), cultivar Meeker, was
obtained from commercial orchards in the region of
Valjevo, Serbia. Blackberry fruit (Rubus sp.), cultivar
Cacak Thornless, was obtained from commercial orch-
ards in the region of Bojnik, Serbia. Black chokeberry
fruit (Aronia melanocarpa, Heynh.) was obtained from
commercial orchards in the region of Suvobor Moun-
tain, Serbia. Apple fruit (Malus domestica, Borkh.), cul-
tivar Jonagold, and sour cherry (Prunus cerasus L.),
cultivar Cacanski rubin, was obtained from commercial
orchards in the region of Grocka, Serbia. Wild blueberry
fruit (Vaccinium myrtilus) was obtained from the region
of mountain Durmitor, Montenegro.

Vinification

Wines were made through microvinification from
two kinds of bramble fruit (raspberry and blackberry),
two kinds of berry fruit (blueberry and black choke-
berry), one kind of pomaceous fruit (apple) and one
kind of fruit from the drupe family (sour cherry). The
fruit was picked in 2013, in the state of full techno-
logical maturity and phytosanitary health of 100%. 30
kg of each fruit was used in microvinification during
2013. Before fermentation, sour cherry was processed
by two techniques. In the first method, the pits were
removed from the fruit before it was fragmented, while
in the second method, the fruit was fragmented
together with the pits but without cracking them.
Brambles, berries, cherries and apples were frag-
mented and, as with some other authors [13], K,S5,05
was added in the must to inhibit growth of unwanted
bacterial populations during fermentation. 10 g of
potassium metabisulfite (K,S,05)/100 kg was added to
the obtained pomace. Subsequently, the pomace was
inoculated with the pure strain of selected wine yeast
Lievito Secco (Enartis, Italy) at the dose of 20 g/100 kg.
This is how the control samples were prepared.
Another sequence of experiments was performed using
the fruit processed in the same way but with sugar —
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sucrose (Sajkaska, Serbia) added directly to the pomace
in order to increase total soluble solids in the must up
to 20.5° Brix. Adding this amount of sugar before
fermentation was intended to achieve alcohol content
of 11% in the end product. Alcohol fermentation of
each investigated fruit pomace was carried out at room
temperature (20 °C) over the next 7 to 10 days. While
undergoing fermentation, the pomace was regularly
stirred twice a day. Once the fermentation was com-
pleted, young wine was separated by straining without
pressure. Wine yield was from 45 to 60% for raspberry,
blackberry, blueberry and black chokeberry, while it
was 50% for the cherry and around 60% for the apple.
After one month, the wine was racked off the sediment
for the first time and the racking was repeated the
following month. The wines were kept at 8 °C during
the next six months and after that time all analyses
were performed. The wines made that way were further
stabilized by keeping them in a cold place. Once stabil-
ized, the wine samples were prepared for analysis.

Physicochemical characterization of wine samples

A microprocessor-based pH/mV/°C pH 212 (Hanna
instruments, Woonsocket, Rl, USA) was used for pH
determination. Total titratable acidity (TTA) of fruit
wine samples was determined by titrating 25 mL of
wine sample with 0.25 M of NaOH solution using a pH
meter and phenolphthalein as an indicator of titration
endpoint. TTA results were expressed in g/L of malic
acid. Total soluble solids (TTS) were measured in the
must by using the refractometer PAL-87S (Atago,
Tokyo, Japan) and the results were expressed in °Brix.
Alcohol concentration was determined by using an
alcohol density meter DMA 35 (Anton Paar, Graz, Aus-
tria) after distillation of wine samples. From the obtained
density of alcoholic distillate, strength by volume
(vol.%) was obtained by using 20 °C/20 °C tables [14].

Standards and reagents

All chemicals and reagents were of analytical grade.
Standards of kaempferol, sinapic acid, gallic acid, chlo-
rogenic acid, vanillic acid, caffeic acid and p-coumaric
acid were purchased from Sigma Aldrich (Steinheim,
Germany). Standards of epicatechin, protocatechuic
acid, p-hydroxybenzoic acid, catechin, rutin, ellagic
acid, naringenin and quercetin were purchased from
Fluka AG (Buch, Switzerland). The other compounds
2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,4,6-tripyridyl-s-
-triazine (TPTZ), acetonitrile (HPLC grade) were sup-
plied by Sigma Aldrich (Steinheim, Germany). Metha-
nol, which was used to make solutions from standards,
was purchased from Merck (Darmstadt, Germany).
Folin—Ciocalteu reagent and formic acid were pur-
chased from Merck (Darmstadt, Germany). Ultrapure
water (TKA Germany MicroPure water purification sys-
tem, 0.055 pS/cm) was used to prepare standard
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solutions and dilutions. The Premium Syringe Filters
(Captiva) Regenerated Cellulose 0.45 um, 15 mm were
purchased from Agilent Technologies (Santa Clara, CA,
USA).

HPLC analysis

Wine samples were first filtered through premium
syringe filter (Captiva) regenerated cellulose 0.45 pm,
15 mm (Agilent Technologies). The analysis of phenolic
compounds in wine was carried out using a Waters
Acquity UPLC H-Class (WAT-176015007) (Milford, MA,
USA) equipped with quaternary pump (Waters Quater-
nary Solvent Manager), injector (Waters Sample Mana-
ger-FTN (Flow Through Needle)), column compartment
with ZORBAX Eclipse XDB C18 column (150 mmx4.6
mm; 5 um), Waters 2998 PDA (Photodiode Array) det-
ector and interfaced to mass detector (Waters TQ
(Tandem Quadrupole, WAT-176001263)). Column tem-
perature was maintained at 25 °C and mobile phase
flow rate at 0.7 mL/min. Elution program which was
used described previously by Godevac et al. [15]. The
mobile phase consisted of deionized water containing
0.2 vol.% formic acid (solvent A) and acetonitrile (sol-
vent B), with a gradient from 5 to 16% for solvent B
over the first 20 min, then to 40% B for 8 min, to 70% B
for 4 min, to 98% B for 4 min, then held at 98% B for 9
min, then to 5% B for 1 min and held at 5% B for 9 min
for reconditioning of the column. Injection volume was
10 pL. The PDA detector measured absorbance in the
range from 190 to 600 nm.

Triple quadrupole-mass spectrometry (TQ-MS)/mass
spectrometry-multiple reaction monitoring (MS-MRM)

Identification of phenolic compounds was con-
ducted by comparison of retention times (tg), ultra-

violet maxima (Anh.) and mass spectra of phenolic
compound standards and samples. Quantification was
made by the method of external standards, importing
the obtained area of recorded samples of fruit wine
into calibration curves of standards. Methanolic sol-
utions of phenolic compound standards were made
and their concentrations were 0.0001, 0.001, 0.01, 0.1
and 1 mg/mL, with chromatograms also recorded by
injection of 1, 2, 4, 6, 8 and 10 pL to each compound.
By integrating the areas of obtained peaks, we got the
values which were used to make calibration curves for
phenolic compound standards. Conditions for quantific-
ation of phenolic compounds with Waters Acquity
UPLC H-Class device, which involves ionization modes,
cone voltages, collision energies and MRM (multiple
reaction monitoring) transitions, were obtained by
direct injection of methanolic solutions of phenolic
standards into the mass spectrometer using the Intelli-
Start program (Waters, Milford, MA, USA; 2005) shown
in Table 1. Capillary voltage of 3.5 kV, extractor voltage
of 3 V, source temperature of 150 °C, desolvation
temperature of 450 °C and desolvation gas flow of 900
L/h were the conditions under which electrospray ion-
ization (ESI) ion source operated. The spectra were
recorded both in positive and negative modes where
we got [M+H]" and [M-H], respectively, as parent ions,
and during the collision with argon as a collision gas,
we got product ions. MassLynx V4.1 software (Waters,
Milford, MA, USA; 2005) was used for data acquisition
and processing. Representative HPLC MRM chromate-
grams of wine from black chokeberry with sugar added
are presented on Fig. 1.

Table 1. The parameters for identification and quantification of phenolic compounds in fruit wines; ESI— electrospray ionization,
MRM — multiple reaction monitoring, tg — retention time, A,q, — ultraviolet maximum

Phenolic compound Molecular lonization MRM Cone Collision to/ min A /nm
formula modeESI transition voltage,V  energy, eV

Epicatechin CisH1405 290 + 291->139 26 16 20.30 233,278
Kaempferol CisH1006 286 + 287->153 56 36 31.52 265, 361
Sinapinic acid Ci1;H1,05 224 + 225->175 12 14 25.37 240, 324
Gallic acid C;HgOs 170 - 169->125 30 20 4.74 217,271
Protocatechuic acid C;HgO4 154 - 153->109 30 20 9.18 218, 260
p-Hydroxybenzoic acid C,;HgO3 138 - 13793 30 20 14.30 255

Catechin Ci5H140¢ 290 291->139 26 20 15.82 233,279
Chlorogenic acid C16H1509 354 355->163 20 12 15.62 246, 325
Vanillic acid CgHgO, 168 + 169593 26 14 17.16 260, 291
Caffeic acid CgHgOy4 180 - 179->135 30 20 18.04 243,323
p-Coumaric acid CgHgO3 164 + 16591 22 22 23.86 230, 309
Rutin C,7H30046 610 - 609-301 60 20 25.08 253,341
Ellagic acid C14HeOs 302 303->89 50 56 25.51 253, 360
Naringenin CisH1,05 272 273153 24 24 31.32 288

Quercetin CisH100; 302 - 3015151 30 20 29.93 254, 375
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Figure 1. Extracted MRM chromatograms of phenolic compounds of black chokeberry wine with sugar added; RA — relative

abundance.

FRAP test and DPPH method

Ferric reducing activity of plasma (FRAP) is a simple
and direct test of measuring antioxidant activity. This
method was used for detecting antioxidant activity in
fruit wine samples [16]. The results were expressed in
mmol/L Fe”. All samples were measured in triplicate.

There is another method available for testing the
ability of compounds to act as free radical scavengers
or hydrogen donors [17,18]. This method involves a
stable radical molecule 2,2-diphenyl-1-picrylhydrazyl
(DPPH). The results are expressed as mean scavenging
concentration, /Cs, (inhibition concentration), the value
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representing the amount of antioxidant necessary to
decrease DPPH radical concentration by 50%. Prior to
testing, wine samples were diluted with water in con-
centrations from 1:25 to 1:140. Experimental findings
have demonstrated that this range allows for linearity
between absorbance and concentration. Samples
showing weaker antioxidant activity, such as apple
wine, were diluted with the ratio from 4:1 to 1:1
(wine:water). Each sample was prepared in 5 dilutions,
in triplicates. ICso value was obtained from the chart
where the inhibition percentage is presented against
concentration /% = f(c). Percentage of DPPH radical
inhibition was calculated according to equation:
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/(%) = 100(Ablank _Asample)/AbIank) (1)

where Apan only relates to absorbance reading of
DPPH with water, while Agmpe stands for absorbance
reading of DPPH after reaction with the tested wine
sample. The results were expressed as reciprocal value
1(%) multiplied by 100.

Total phenolic content

Total phenolic content in fruit wine samples was
determined by Folin—Ciocalteu (FC) method using gallic
acid as a standard [19]. Before the analysis, fruit wine
samples were filtered through the membrane filter
(0.45 um), then diluted 20 times with distilled water.
After 2 h of incubation in the dark at room tempera-
ture, the absorbance of standards and fruit wine
samples was measured at 740 nm on UV-Vis spectro-
photometer Evolution 300, Thermo Scientific (Wal-
tham, MA, USA). All samples were measured in trip-
licate. The results were expressed in mg/L of gallic acid
equivalents (mg GAE/L).

Total antioxidant activity corrected by the amount of
SO, present in the wines

For this purpose, a sequence of dilutions with inc-
reasing free SO, concentration was made (from 10 to
25 mg/L). After that, the amount of 0.08 g of tartaric
acid was dissolved in 1 L of distilled water in order to
ensure a pH value of 3.25 which was the average pH
value for the tested wines. Then, K,5,05 was added in
the amount necessary to provide free SO, concentra-
tion at the interval from 10 to 25 mg/L. Free SO, con-
centration was monitored by iodometric titration
according to Ripper, both in model solutions and in
fruit wine samples [20]. The absorbance of model sol-
utions was read at 593 nm, the same as for FRAP test.
Finally, the corrected value of total antioxidant activity

of wines — FRAP.,, was calculated as the difference
between the values of wine samples with contained
free SO, concentration (FRAP.:a) and values of model
solutions with the same SO, concentration
(FRAP 04del solution) Obtained from Fig. 2.
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Figure 2. Correlation between free SO, and FRAP ,odel solution.

Statistical analysis

The statistical analysis was performed using the
software SPSS Statistic V22.0 (IBM, Chicago, IL, USA;
2014) for paired samples test and one-way ANOVA with
Tukey post hoc test. Linear regression correlation ana-
lysis in Origin Pro 8 (OriginLab, Northampton, MA, USA;
2008) was used to test associations between variables.

RESULTS AND DISCUSSION

Results of physicochemical characterization of wine
samples

Table 2 presents the obtained results for total sol-
uble solids (°Brix), pH value, total titratable acidity and
alcohol (vol.%) in the analysed samples.

Table 2. Physicochemical characterization of wine samples; values are mean # standard deviations( n=3)

Wine sample

Total soluble solids

Total titratable acid

Alcohol content

Fruit/sugar must, °Brix PH malic acid g/L vol.%

Raspberry w/o sugar 14.3+0.3 3.16+0.01 13.46+0.12 7.91+0.06
Raspberry with sugar 16.5+0.3 2.85+0.01 13.80+0.11 9.43+0.07
Blackberry w/o sugar 13.9+0.4 2.87+0.01 8.28+0.09 7.63+0.08
Blackberry with sugar 18.5+0.2 2.94+0.02 7.45+0.09 10.47+0.06
Blueberry w/o sugar 14.3+0.4 2.86+0.02 6.76+0.08 7.88+0.09
Blueberry with sugar 19.0£ 0.3 2.850.01 7.94+0.11 10.82+0.08
Black chokeberry w/o sugar 10,1+0.3 3.66+0.02 9.32+0.09 5.51+0.09
Black chokeberry with sugar 11.5+0.3 3.53+0.01 10.35+0.07 6.19+0.08
Apple w/o sugar 13.5+0.3 3.38+0.02 4.97+0.08 7.36+0.05
Apple with sugar 16.0£0.3 3.79+0.02 4.14+0.06 9.17+0.09
Sour cherry w/o pit with sugar 19.4+0.2 3.34+0.02 8.14+0.09 10.93+0.09
Sour cherry with pit with sugar 19.8+0.2 3.44+0.01 7.94+0.07 11.31+0.06
Sour cherry w/o pit w/o sugar 12.6+0.4 3.43+0.01 6.90+0.08 6.85+0.09
Sour cherry with pit w/o sugar 13.3+0.3 3.45+0.01 6.90+0.09 7.2310.07
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Results of HPLC-TQ-MS/MS analysis

Antioxidant properties of many compounds found
in plant material are proportional to the content of
phenolic compounds. Antioxidants are substances pre-
sent in low concentrations compared to biomolecules
prone to oxidation such as DNA, proteins, lipids and
carbohydrates. Their main role is to prevent free radi-
cal-induced damage of the cells [21].

Phytochemicals are responsible for the antioxidant
capacity of fruit wines and they include phenolic acids,
anthocyanins and other flavonoid compounds [22].

Table 3 illustrates the phenolic content in the test
samples. The results obtained from HPLC-TQ-MS/MS
which were statistically analysed using parametric test
are shown in Table 4. Statistical significance was con-
firmed with 95% confidence interval for all wine samples
(p < 0.05) except for apple wine with and without
added sugar (p = 0.073). Variables which were used in
paired samples test were the results from Table 3 for

wines with and without added sugar. Content of phe-
nolic compounds presented in Table 3 depends on the
sugar content in the analysed samples. Increased amount
of sugar resulted in increased alcohol concentration in
the produced fruit wine. As an extracting agent, alcohol
contributes to higher phenolic content. The distribution
of anthocyanins and polyphenolics is not uniform in
fruit tissue. High content of anthocyanins and poly-
phenols is especially present in the skin [23]. This is
because they act as photoprotective agents and
attractants for seed dispersal [1].

Procyanidins and anthocyanins are polyphenol sub-
groups which are present in high amounts in sour cher-
ries and red berries. A noticeable content of colourless
and pale yellow polyphenols was also observed, with
marked biological activity [24].

In the analysed samples, some compounds were
present in all fruit wines while some were only present
in certain fruit wines.

Table 3. Content of selected polyphenols in analyzed samples (1ig/mL); 1 — apple w/o sugar; 2 — apple with sugar; 3 — blueberry w/o

sugar; 4 — blueberry with sugar; 5 — black chokeberry w/o sugar; 6 — black chokeberry with sugar; 7 — blackberry w/o sugar;

8 — blackberry with sugar; 9 — sour cherry w/o sugar, w/o pit; 10 — sour cherry, with sugar, w/o pit; 11 — sour cherry, w/o sugar, with
pit; 12 — sour cherry, with sugar, with pit; 13 — raspberry w/o sugar; 14 — raspberry with sugar; n.d. — not detected, values are mean

+ standard deviation (n = 3)

Phenolic compounds 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Epicatechin 22.84+ 39.47 27.84 4269 594 7.17 3575 52.68 111.68 134.42 114.69 126.44 55.51 7591
0.38 +0.35 $0.31 +0.26 +0.22 +0.25 +0.78 +0.57 +1.11 +1.07 +1.26 +1.26 *1.16 +1.89

Kaempferol n.d. n.d. n.d. n.d. n.d. n.d. n.d. nd. 2.09 500 n.d. n.d. n.d. n.d.

10,08 10.14

Sinapinic acid nd. nd. 060 163 0.16 037 219 2385 236 398 217 3.14 265 282
+0.03 +0.07 $0.01 10.01 +0.10 +0.08 +0.08 +0.09 +0.10 10.11 +0.11 +0.11

Gallic acid nd. nd. 19.86 32.05 1.82 2,55 92.15 100.17 n.d. nd. nd. nd. 3828 5574
+0.34 +0.80 +0.03 +0.04 +1.29 +1.20 +0.73 #1.11

Protocatechuic acid nd. nd. 29.75 4225 4253 49.11 17.36 25.18 17.62 28.44 1510 17.84 n.d. n.d.

+0.38 +0.97 +0.72 +0.44 +0.60 10.78 +0.56 +0.39 +0.30 +0.53

p- Hydroxybenzoicacid 0.95 3.76 139 483 420 6.53 370 4.18 13.56 19.43 11.76 13.06 37.13 49.89
+0.03 +0.09 $0.06 +0.22 +0.19 +0.29 +0.18 +0.20 *0.51 +0.15 +0.43 +0.50 £0.92 +0.99

Catechin 1.28 365 171 452 nd. nd. 185 216 23.62 29.73 2232 25.67 3.43 4.01
+0.06 +0.14 +0.07 0.22 +0.09 0,10 $0.71 +0.80 +0.71 +0.90 0.16 +0.18

Chlorogenic acid 70.71 92.38 390.75 474.34 390.75 400.05 n.d. n.d. 345.74 370.03 340.46 350.09 n.d. n.d.

+0.78 +0.92 +1.95 #3.32 +2.74 +3.20 +3.46 +1.85 +2.72 +2.10

Vanillic acid 1.16 422 469 811 531 585 514 555 9.80 1465 8.78 1291 1.06 1.58
+0.05 +0.13 $0.18 +0.25 +0.16 +0.18 +0.17 +0.18 $0.24 +0.30 +0.26 +0.24 0.053 +0.077

Caffeic acid 0.5 2.8 39.44 5530 25.37 3530 244 378 222 449 189 225 178 2.26
+0.01 +0.05 +0.32 +0.5 +1.01 +0.55 +0.11 +0.08 +0.08 +0.14 +0.08 +0.09 +0.09 +0.10

p-Coumaric acid n.d. nd. 9.75 1843 1.49 153 n.d. n.d. n.d. nd. 110 211 n.d. 3.08
+0.21 +0.37 +0.082 +0.076 +0.04 +0.10 +0.13

Rutin n.d. nd. nd. nd. 31.05 3634 nd. nd nd. nd. nd. nd nd. n.d.

10.47 10.72

Ellagic acid nd. nd. 949 1753 8.00 10.09 132.97 140.20 n.d. nd. nd. nd. 21.82 33.75
+0.11 +0.61 +0.17 +0.20 +1.06 +1.68 +0.65 +1.00

Naringenin 0.12 081 021 153 0.16 024 042 049 278 4.04 230 338 080 0,9
+0.004 +0.03 +0.01 +0.06 +0.008 +0.011 +0.02 +0.02 +0.11 +0.12 +0.09 10.12 +0.04 +0.05
Quercetin nd. nd. 691 1571 48.00 58.21 9.63 10.50 40.32 50.75 39.51 48.92 889 12.63
+0.20 +0.33 +0.57 10.64 +0.33 +0.31 +0.80 +0.76 +0.98 10.88 +0.35 +0.50
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Table 4. Paired samples test results; 1 — apple w/o sugar; 2 — apple with sugar; 3 — blueberry w/o sugar; 4 — blueberry with sugar;
5 —black chokeberry w/o sugar; 6 — black chokeberry with sugar; 7 — blackberry w/o sugar; 8 — blackberry with sugar; 9 — sour
cherry w/o sugar, w/o pit; 10 — sour cherry, with sugar, w/o pit; 11 — sour cherry, w/o sugar, with pit; 12 — sour cherry, with sugar,

with pit; 13 — raspberry w/o sugar; 14 — raspberry with sugar

Parameter 1,2 3,4 56 7,8 9,10 11,12 13,14
t 1.935 2.213 2.512 2.320 3.056 2.974 2.581
Sig. (2-tailed) 0.073 0.044 0.025 0.036 0.009 0.010 0.022

The distribution of caffeic acid, chlorogenic acid,
p-coumaric acid and vanillic acid is widespread in berry
crops. Those compounds act as natural antioxidants.
The structure and content of individual phenolics in
berries influence total antioxidant capacity. One of the
abovementioned phenolic acids, chlorogenic acid was
detected in significant amounts in blueberries by
authors Zheng and Wang [25]. The samples of blue-
berry wine are a rich source of chlorogenic acid which
is in line with the literature [26]. Looking at the content
of chlorogenic acid in the analysed samples, it was
observed that it was present in higher amounts than all
other compounds, until it was found in blackberry and
raspberry wine. Presence of chlorogenic acid in apple
wine samples produced from the Jonagold variety was
confirmed by the analysis of the variety with the same
name. [27]. Besides chlorogenic acid, blueberry wine
stands out with the highest content of p-coumaric acid
which was confirmed to be present in this fruit by Hak-
kinen et al. [28]. Similarly to some other authors Mach-
eix et al. [29], caffeic acid was detected in our fruit
wine samples. In comparison with other samples, caf-
feic acid was present in the largest amounts in blue-
berry and chokeberry wine. Finnish scientists have
shown that caffeic acid is also present in chokeberry
and blueberry fruit [28]. The results of one study sug-
gest that the content of caffeic acid depends on a sun-
exposure-dependent induction of caftaric acid hydro-
lysis [30]. Protocatechuic acid was present in the
largest amounts in blueberry and chokeberry wine until
it was found in apple and raspberry wine. Epicatechin
and catechin were present in blueberry wine which is in
line with their established presence in the fruit [31].
Rutin was found only in chokeberry wine. The analysed
samples of cherry wine are a source of caffeic acid,
chlorogenic acid and protocatechuic acid. The flavonoid
naringenin was also found in the samples. Its content is
shown in Table 3 and it is in line with the literature
[32]. Epicatechin and vanillic acid were present in the
largest amounts in cherry wine, where catechin was
also found. The presence of these compounds in the
examined wine was also confirmed by cherry analysis
carried out by Spanish authors [31]. Catechin and epi-
catechin were also determined in blackberry, raspberry
and apple wine, their presence in corresponding fruits
was also confirmed by authors [33]. Blackberry and
raspberry wine, according to the data from Table 3, are

a rich source of ellagic acid which provides long-term
health benefits [34]. The content of ellagic acid in
blackberry wine with and w/o sugar was predominant
in comparison with other analysed samples, which was
confirmed by other authors as well [35]. Literature data
shows that ellagic acid was also found in raspberries
[28]. Ellagic acid was not found in apple or cherry wine.
Fruit phenolic acids such as caffeic acid, p-coumaric
acid and chlorogenic acid showed activity in inhibiting
human LDL oxidation in vitro [36]. Analysis of fruit wine
samples showed that they were also a source of
flavonols such as quercetin and kaempferol. The largest
amounts of quercetin were found in chokeberry wine.
The obtained results correspond to tests conducted by
Finnish authors which showed that chokeberry had the
largest content of quercetin, followed by the blueberry,
while the lowest amount was found in the raspberry
[37]. Quercetin found in raspberry wine is one of the
main flavonols in this fruit, which is in line with litera-
ture data [28]. One of the most predominant flavonols
in cherry wine was quercetin which was confirmed to
be present in cherry fruit as well [38]. Some flavonoids,
including quercetin, have beneficial effects on human
health, probably through inhibiting the oxidative modi-
fication of LDL by macrophages in vitro. The above-
mentioned compounds inhibit the formation of hydro-
peroxides and protect a-tocopherol present in lipopro-
teins from oxidation [39]. The cytotoxicity of oxidised
LDL in vitro is inhibited by quercetin [40]. Minor amounts
of kaempferol were only found in wine made from
cherries without pits. The obtained kaempferol results
are in conformity with literature data which show that
it has not been found in chokeberry, blueberry or
raspberry [37]. Flavonoids are natural constituents of
food. Their positive effect has been demonstrated in
the next study. A Dutch study [41] showed that relative
risks of mortality from coronary heart diseases and first
myocardial infractions in the group of study particip-
ants with the highest flavonoid intake was lower by
50% than in the group with the lowest flavonoid intake.
This data suggests that dietary intake of flavonoids is
very important. Red wine is a very rich source of flavo-
noids and it contains 10-20 mg/L [42]. It has also been
observed that flavonoids reduce thrombosis by inhi-
biting cyclooxygenases [43]. In the conducted study,
high antioxidant activity on LDL oxidation was also
detected in catechin, quercetin, cyanidin and caffeic
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acid. Unfortunately, ellagic acid did not show any
effects during the experiment [44]. In the same study,
caffeic acid proved to be a stronger anti-oxidant in
inhibiting LDL oxidation, in comparison to ellagic acid
which had more free hydroxyl groups in its structure.
The reason for this is the fact that antioxidant activity
of flavonoids and phenolic acids may depend on the
structural characteristics conferring differences in
protein binding [45].

FRAP and DPPH test results

FRAP test results shown in Table 5 confirm that
blackberry wine with added sugar has the highest anti-
oxidant value (FRAP,, = 103.90) while the lowest value
was observed in raspberry wine with added sugar
(FRAP,,, = 18.04). Furthermore, it was demonstrated
by DPPH test that blackberry wine with added sugar
had the highest antioxidant activity (/Cso = 1.20%) while
the lowest activity was measured in apple wine without
sugar (ICso = 83.33%). Lower ICsy value indicates a
greater antioxidant activity. DPPH scavenging activity of
the analysed wine samples was attributed to the
cumulative contribution of different compounds which
possess bioactive antioxidant properties.

FRAP and DPPH test results clearly demonstrate
that berry fruits have a high level of phenolic content
and therefore stronger antioxidant activity. Table 5
shows that berry fruits with deep violet, dark blue and
black colour (blueberry, black chokeberry and black-
berry) have stronger antioxidant capacity compared to
raspberries and apples. With increased alcohol content,
the greater concentration of phenolic compounds is
extracted and stronger antioxidant power of the
obtained product is achieved, as represented in Fig. 3a.

This is supported by the fact that values received from
FRAP test are higher in the fruit wine samples where
sugar was added to the fragmented fruit. The results of
FRAP test (Table 5) show that wines made from fruits
such as blackberry, blueberry, black chokeberry and
cherry had a greater total antioxidant capacity than
wines made from other fruits. After performed one-
way ANOVA statistical analysis in wine samples without
sugar added statistical significant difference was
showed for FRAP values between all samples (p < 0.05)
except for blueberry and black chokeberry as well as
for cherry without and cherry with pit (p > 0.05). In
wine samples with sugar added statistical significant
difference was showed between all samples (p < 0.05)
except for blueberry and black chokeberry as well as
for apple and cherry with pit (p > 0.05). In connection
with our results, Pellegrini et al. [46] showed that
among 30 different fruits tested, the highest FRAP
value was in the blackberry, while other high values
were also present in the cherry and blueberry. Fruit
origin and wine-making method extensively affect the
content and composition of phenolic compounds pre-
sent in the wine [47]. Phenolic content in the test
samples is significant since phenolic compounds are
important secondary metabolites exhibiting not only
antioxidant activity, but anti-allergic, anti-inflammat-
ory, antithrombotic, antimutagenic and antitumor pro-
perties as well. Moreover, cardioprotective and vasodil-
atation effects should not be neglected. Phenolic
compounds also have considerable antimicrobial effects
on a wide range of human pathogens [48]. There is
clear clinical and epidemiological evidence proving that
phenolic compounds are capable of reducing the risk of
chronic non-infectious diseases in humans [49].

Table 5. FRAP and DPPH test results; values are mean + standard deviation (n = 3)

Wine sample FRAP FRAP model solution FRAP SO,share  DPPH IG5 Total phenolic
Fruit/sugar total 2 mmol/L Fe ** corrected2+ % % content
mmol/L Fe mmol/L Fe mg GAE/L

Raspberry w/o sugar 33.32+0.29 14.93 18.3040.29 44.92 5.52+0.09 1418.17+2.90
Raspberry with sugar 35.48+0.32 17.44 18.04+0.32 49.16 5.00+0.08 1458.87+2.63
Blackberry w/o sugar 104.3843.02 9.90 94.48+ 3.02 9.48 1.32+0.03 2230.46%1.55
Blackberry with sugar 115.06+4.02 11.16 103.90+4.02 9.69 1.20+0.02 2326.81+1.27
Blueberry w/o sugar 80.34+1.68 9.90 70.44+1.68 12.32 1.49+0.03 2234.46+1.51
Blueberry with sugar 93.94+2.62 11.16 82.78+2.62 11.87 1.56+0.05 2289.43+1.39
Black chokeberry w/o sugar 85.56+2.19 11.16 74.40+2.19 13.03 1.56+0.05 2330.96%1.25
Black chokeberry with sugar 94.55+2.60 12.41 82.14+2.60 13.12 1.26+0.02 2414.61+0.98
Apple w/o sugar 53.18+0.65 11.16 42.02+0.65 20.97 83.33+2.80 584.28+4.98
Apple with sugar 65.58+0.82 12.41 53.17+0.82 18.92 54.05+1.70 770.89%3.58
Sour cherry w/o pit with sugar 71.64+1.13 13.47 58.17+1.13 18.80 1.72+0.04 2084.28+1.76
Sour cherry with pit with sugar 68.20+0.92 12.41 55.79+0.92 18.20 1.66+0.06 2180.63+1.65
Sour cherry w/o pit w/o sugar 59.99+0.71 12.41 47.58+0.71 20.69 1.9240.07 1899.90+1.88
Sour cherry with pit w/o sugar 61.18+0.74 14.93 46.25+0.74 24.39 1.78+0.05 1980.46+1.68
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Figure 3. The comparison of FRAP test (a) and total phenolic content (b) for fruit wines without/with addition of sucrose

Total phenolic content

Based on the results obtained for the total phenolic
content using Folin-Ciocalteau technique, Fig. 3b clearly
demonstrates the correlation between the increased
amount of sugar, therefore alcohol concentration in
wine, and the increased amount of phenol compounds
extracted, as expressed in gallic acid equivalents. In
wines with higher alcohol content, the polyphenol
content increases due to better extraction. [50].

It can be seen from Table 5 that black chokeberry
wine with added sugar has the highest total phenolic
content when expressed in gallic acid equivalents
(2414.61 mg GAE/L), whereas the lowest value was
observed in apple wine without added sugar (584.28
mg GAE/L). After performed one-way ANOVA statistical
analysis in wine samples without sugar added statistical
significant difference was showed for total phenolic
content values between all samples (p < 0.05) except
for blackberry and blueberry (p > 0.05). In wine samples
with sugar added statistical significant difference was
showed between all samples (p < 0.05). Authors Zheng
and Wang [25] showed that chokeberry fruit had sig-
nificantly higher total phenolic content than other ber-
ries. Among other fruit wine samples, the lowest total
phenolic content was also observed in apple wine by
authors Vasantha Rupasinghe and Cleggb [47]. Blue-
berry wine with added sugar has total phenolic content
(2289.43 mg GAE/L), while blueberry wine without
added sugar has (2234.46 mg GAE/L). Significantly high
total phenolic content was proven in the study of blue-
berry antioxidant capacity [51]. The results for rasp-
berry wine with added sugar were (1458.87 mg GAE/L),
while without added sugar (1418.17 mg GAE/L). Results
clearly show that total phenolic content is higher in
wines made from black chokeberry and blueberry than
raspberry. This is to be expected since small berries
such as blueberries and black chokeberries, which pos-
sess a strong colour and higher proportion of tough

skin, have stronger antioxidant activity than those with
soft, thin skin and light colour such as raspberries and
strawberries [5]. Total phenolic content of cherry wine
samples (Table 5) is in agreement with the data found
in literature [52].

It can be seen from Fig. 4 that there is a linear cor-
relation between total phenolic content and FRAP.,.
value (a) and a linear correlation between total phen-
olic content and FRAP.yl (b). Obviously, wine repre-
sents a complex composition of phenolic compounds so
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Figure 4. Linear correlation between: a) total phenolic content
and FRAP,,,,, and b) total phenolic content and FRAP: 4.
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its antioxidant properties cannot be attributed to a
particular compound alone but rather, they should be
seen as a cumulative effect of many. Wine and plants
used as food are a rich source of different phenolic
antioxidants which interact to demonstrate synergistic
protection against LDL oxidation [53]. However, it is
important to distinguish which group of phenolic com-
pounds is the most significant for estimating the anti-
oxidant properties of wine. According to the authors
Katalinic et al. [16] who conducted a study on grape
wines, phenolic compounds derived from solid parts
(seeds, skins, stalks) are extracted in wine during the
maceration process, thus influencing antioxidant pro-
perties of the end product.

CONCLUSION

It can be concluded from our results that the
analysed wine samples are a source of specific anti-
oxidant phenolic compounds. Alcohol content is also a
very important factor for better extraction of anti-
oxidants in fruit wines. Antioxidant content in fruit
wines depends on the type of fruit they are made from,
cultivation conditions and wine-making techniques.

Regular intake of antioxidants through diet and
especially from berry fruits has well documented health
benefits. Phenolic content in the analysed samples
proved to be significant since they are important sec-
ondary metabolites exhibiting not only antioxidant pro-
perties, but also other health benefits. Berries are a
reservoir of minerals and water, and this is another
reason for their particularly important role in nutrition.
Phenolic and other compounds present in the wine
showed synergistic and antagonistic effects which inf-
luenced antioxidant activity of berry or fruit wine. Var-
ious fruit wines are a particular source of phenolic com-
pounds which, besides antioxidant properties, possess
other important health benefits as well.
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(Naucni rad)

Antioksidansi polifenolne strukture su Siroko rasprostranjeni u prirodi i to
pogotovo u vocu i proizvodima od njega. Zbog toga je u razli¢itim voénim vinima
ispitivan sadrzaj i sastav pojedinih polifenolnih jedinjenja, ali i ukupni antioksi-
dantni potencijal tih vina. Fenolna jedinjenja su razdvojena reverzno-faznom (RF)
HPLC tehnikom dok je njihov sadrzaj odreden pomoc¢u masenog spektrometra sa
trostrukim kvadrupolnim (TQ) analizatorom koji je pratio specificne prekursor-
produkt prelaze (tzv. MRM mod). Antioksidativna aktivnost je pracena spektro-
fotometrijskim metodama: DPPH, FRAP i Folinovom metodom. Za proizvodnju
vocnih vina su primenjene Cetiri vrste bobicastog voéa (malina, kupina, aronija,
borovnica), jedno jabucasto (jabuka) i jedno kostunjavo (viSnja). Vina su proiz-
vedena postupkom mikrovinifikacije bez i sa dodatkom Secera u dezintegrisano
voce pre fermentacije. Poveéan nivo alkohola u vinima je uticao na povecéanje
sadrzaja fenolnih jedinjenja u analiziranim uzorcima zbog poboljsanja uslova eks-
trakcije. Proizvedena vina su konzervisana dodatkom SO, koji svojim antioksi-
dantnim dejstvom ometa odredivanje antioksidativne aktivnosti koja poti¢e od
fenolnih jedinjenja. Da bi se ovo izbeglo napravljena je korelacija u okviru FRAP
metode. Vocéna vina su bogat izvor jedinjenja koja pokazuju pozitivan uticaj na
ljudski organizam. U zavisnosti od vrste voca razliCita polifenolna antioksidativna
jedinjenja su preovladavala u uzorcima vina.
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