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Blackberry (Rubus fruticosus, Rosaceae) is an 
edible berry which has been used in Europe for 
over 2000 years for eating and medicinal purposes. 
Nowadays, a significant proportion of fresh fruits 
is directly processed into blackberry products – 
jam, juice or wine. Blackberry wine (BW) is 
a product of yeast fermentation of natural sac-
charides present in blackberry juice. This popular 
fruit wine is usually served as a dessert wine, being 
enjoyed with meals in moderate quantities. Daily 
consumption of blackberry wine in recommended 
quantities (about 250 ml) is a well-known natural 
source of many bioactive phytochemicals, which 
may play an important role in health promotion 
and disease prevention. Polyphenolic compounds 
constitute one of the most important quality pa-
rameters of wines since they contribute to their 
organoleptic characteristics, particularly colour, 

taste, astringency and bitterness. Moreover, these 
compounds have received much attention in pre-
vention of human neurodegenerative diseases, 
as cardiovascular disorders and cancer, as they 
are known to have a high antioxidant activity [1]. 
Polyphenols have also been reported to possess 
antibacterial, antimutagenic, anti-inflammatory 
and vasodilatory properties [2–5]. The concentra-
tion of total polyphenols in blackberry wine may 
be strongly influenced not only by blackberry va-
rieties and cultivation, but also by the way of their 
extraction from berries during the wine making 
process, transport and storage. Furthermore, 
during wine aging process, the amount of total 
polyphenols present in wine, particularly antho-
cyanins, may be directly affected by several factors 
including pH, light, temperature, oxygen, enzymes, 
ascorbic acid, saccharides, sulfur dioxide or sulfite 
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MATERIALS AND METHODS

Samples
Seventeen commercially available samples 

of Croatian blackberry wines were collected in 
a local drugstore during 2000–2004, being catego-
rized into three classes according to the subregion 
of their cultivation: Slavonia (SL, five samples: 
BW 1 – BW 5), Prigorje-Bilogora (PB, six sam-
ples: BW 6 – BW 11) and Zagorje-Međimurje 
(ZM, six samples: BW 12 – BW 17). Wine samples 
were stored at 2–8 °C in the dark until analysed. 
The alco holic content declared on the bottle for 
all samples and on the label ranged from 11.6% to 
15.6% ethanol (v/v). In order to get a representa-
tive sample of each wine sample, three different 
bottles of particular wine type were collected and 
contents of all three bottles were mixed before 
analysis.

Reagents and standards
All reagents used in this work were of analyti-

cal reagent grade or better. Standards of phenolic 
acids were purchased from Sigma-Aldrich (Stein-
heim, Germany). Folin-Ciocalteu’s phenol reagent 
was obtained from Fluka (Buchs, Switzerland). 
K3Fe(CN)6 and butylated hydroxyanisole(BHA) 
were from HiMedia (Mumbai, India). As a source 
of free radicals, DPPH (2,2-diphenyl-1-picrylhy-
drazyl, 95%) and ABTS (2,2’-azino-bis-[3-ethyl-
benthiazoline-6-sulfonic acid]) in the crystallized 
diammonium salt form were obtained from Sig-
ma-Aldrich. Double-deionized water (DDW) was 
used in all experiments.

Analytical methods
pH determination

A digital pH meter MP 225 with a pH elec-
trode INLAB 413 (Mettler Toledo, Greifensee, 
Switzerland) was used to determine the pH values 
of blackberry wines [18].

Total nitrogen
Total nitrogen concentration of blackberry 

wines was measured by the Kjeldahl method. 
A Kjeltec TM 2300 equipped with Digestor 2006, 
Scrubber 2001 and Controller 2000 (Foss Tecator, 
Höganäs, Sweden) was used for the determination 
of total nitrogen in samples [18].

HPLC analysis of phenolic acids
The concentrations of phenolic acids (gallic 

acid, chlorogenic acid, caffeic acid and p-coumaric 
acid) were determined by high performance liquid 
chromatography (HPLC). The chromatographic 
analyses were performed in a Dionex chromato-

salts, metal ions and copigments [6, 7].
In the continental part of Croatia, blackberry is 

grown on small farms using traditional techniques 
of cultivation and harvesting in summer (July-Au-
gust) by hand. Thornless Logan, Thornfree, Black 
Satin and Tayberry are the most common black-
berry cultivars used for winemaking. In Croatia, 
blackberry wine is traditionally called “željezno 
vino“ (ferrous wine), due to an elevated iron con-
tent and content of dietary compounds such as 
ascorbic, citric and malic acids, carotenoids, fruc-
tose and alcohol that enhance iron absorption 
[8–10]. Therefore it has been used as a popular 
medicine for anaemia and iron deficiency. This 
fruit wine is one of the most popular alcoholic 
beverages in Croatia, being mainly produced in the 
continental part of the country. This is divided into 
a number of subregions: from the Danube Basin, 
through Slavonia, Moslavina, Pokuplje, Plešivica, 
to Prigorje-Bilogora and Zagorje-Međimurje. 
During the last decade, the classification of wines 
and other food products according to their geo-
graphic origin have received considerable atten-
tion in the scientific literature. Principal compo-
nent analysis (PCA), linear discriminant analysis 
(LDA) and other multivariate statistical methods 
have been widely applied for this kind of wine clas-
sification using different variables such as contents 
of minerals, trace elements, amino acids, phenolic, 
volatile and aroma compounds, colour and senso-
rial parameters [11–14].

It should be pointed out that the production 
of blackberry wine has considerably increased 
in all Croatian subregions for the last few years. 
Although blackberry has a long history and there 
have been numerous studies on its chemical com-
position and pharmacological activity [15–17], the 
research studies related to this fruit wine are in the 
initial stages and there is no information or data 
available on polyphenol content and on their anti-
oxidative activity. For this reason, the aims of this 
work were: (i) to obtain data on the concentra-
tion of polyphenols in Croatian blackberry wines 
and to investigate this kind of wines as a source 
of polyphenols, (ii) to determine and compare 
the antioxidant activity of Croatian blackberry 
wines using three methods: ABTS (2,2’-azino-bis-
[3-ethylbenthiazoline-6-sulfonic acid]), DPPH 
(2,2-diphenyl-1-picrylhydrazyl) and reducing 
power assay (RPA), (iii) to evaluate the contribu-
tion of polyphenolic compounds to the antioxidant 
properties of blackberry wines and (iv) to decide 
which of these compounds could be used in the 
differentiation of blackberry wines according to 
the subregion of production.
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graphic system (Sunnyvale, California, USA), with 
a P680 pumping system, an ASI 100 automatic 
sample injector, a TCC-100 oven for columns, 
a UVD170S detector and Chromeleon 6.8 soft-
ware. All samples were filtered through Minisart 
RC4, 0.45 μm filters (Sartorius, Göttingen, Ger-
many), which did not retain any of the analytes. 
After direct injection of 20 μl of sample, phenolic 
acids were separated on a Lichrospher 100-RP18 
column (250 × 4 mm, 5 μm; Agilent Technolo-
gies, Santa Clara, California, USA) with a suitable 
guard column. The chromatographic conditions 
were a modification of those by GAMBELLI and 
SANTARONI [19]. The solvents used for gradient 
elution were (A) acetic acid : water (5 : 95) and (B) 
acetonitrile. The concentration of acetonitrile was 
increased from 0% to 80% during 30 min and dur-
ing the next 3 min was constantly 80% (total run 
time, 33 min). Elution was carried out at a flow 
rate of 1 ml·min-1 and the column was thermo-
statically controlled to maintain a temperature of 
30 °C. During each run, absorbance was recorded 
at 280 nm (gallic acid), 313 nm (p-coumaric acid) 
and 323 nm (chlorogenic and caffeic acid). Pure 
standards of phenolic acids in methanol were used 
to construct the standard curve and to determine 
retention times. The linear calibration curves 
were obtained by injecting different concentra-
tion of standards. Phenolic acids were identified 
by the comparison of retention times and UV 
spectra with the corresponding pure commercial 
standards (as external standards). Quantitative 
analysis was performed in triplicate using external 
calibration curves. Compounds detected in HPLC 
were quantified on the basis of peak area obtained 
by integration.

Determination of total polyphenols – Folin-Ciocalteu 
Index (TPH)

The total polyphenol concentration in black-
berry wines was estimated by Folin-Ciocalteu 
colorimetric assay based on the procedure de-
scribed by Organisation Internationale de la Vigne 
et du Vin (O.I.V.) [18]. Gallic acid was used as 
a standard. After incubation for 2 h at room tem-
perature, the absorbance was measured at 760 nm 
using a spectrophotometer (model Lambda 25 
UV-VIS; Perkin-Elmer, Waltham, Massachu-
setts, USA). Results were expressed as gallic acid 
equiva lents (milligrams of gallic acid per litre) de-
termined from a standard calibration curve.

Determination of total monomeric anthocyanins (ACY)
The total concentration of monomeric an-

thocyanins in blackberry wines was determined 
using the pH differential method [20]. Absorb-

ance was measured at 510 nm and 700 nm. ACY 
values were expressed as milligram of malvidin-
3-glucoside per litre (molar extinction coefficient 
of 28 000 l·cm-1·mol-1 and molecular weight of 
463.3 g·mol-1).

Antioxidant activity
DPPH method

The capacity of blackberry wines to scavenge 
the ‘stable’ free radical 2,2-diphenyl-1-picrylhy-
drazyl (DPPH) was monitored by a slightly modi-
fied method of HATANO et al. [21]. Blackberry 
wines were diluted with methanol and an aliquot 
of 4 ml of various concentrations of sample added 
to a methanolic solution of DPPH (1 mmol·l-1, 
0.5 ml). The mixture was vortexed for 15 s and 
then left to stand at room temperature for 30 min. 
The absorbance of the resulting solution was read 
at 517 nm. Instead of pure methanol, a methanolic 
solution of 2 mg of BHA dissolved in 4 ml of 
methanol with 0.5 ml of the DPPH solution was 
used for background correction.

ABTS method
The spectophotometric analysis of ABTS ra-

dical-scavenging activity was determined according 
to RE et al. [22]. The solution of ABTS monoca-
tion radical was prepared by mixing equal volumes 
of a 7 mmol·l-1 ABTS solution and a 2.45 mmol·l-1 
potassium persulfate solution, both in DDW. The 
mixture was stored in the dark at room tempera-
ture for 12 h before use and was diluted to get an 
absorbance of 0.700  0.025 at 730 nm with DDW. 
Then, 0.5 ml of ABTS solution was added to an 
aliquot of 3 ml of blackberry wine diluted in DDW 
at different concentrations. After 30 min, the ab-
sorbance of mixture was measured at 730 nm. The 
percentage of inhibition was calculated for each 
concentration relative   to the blank absorbance 
(DDW).

For DPPH and ABTS methods, the radical-
scavenging activity (RSA) was calculated as a per-
centage of DPPH or ABTS radical discoloration 
using the following Eq.(1):

 (1)

where ABW is the absorbance of the solution when 
the blackberry wine was added at a particular 
level, and A0 is the absorbance of the DPPH or the 
ABTS solution. 

Further, the half-maximal inhibitory con-
centrations (IC50) were calculated from regres-
sion equations, where the abscissa represented 
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the total polyphenol concentration in 
blackberry wines (expressed as gallic 
acid equiva lents) and the ordinate the 
percent of scavenging capacity from 
the test. IC50 is the concentration of 
blackberry wine required for 50% inhi-
bition.

Reducing power assay (RPA)
The reducing power of the black-

berry wines was determined by the 
method of OYAIZU [23] and YEN and 
CHEN [24] with some slight modifica-
tions. Briefly, 0.1–1.0 ml of each in-
vestigated blackberry wine was diluted 
with DDW. In 1.0 ml of the prepared 
aliquot, 2.5 ml of a 0.2 mol·l-1 phos-
phate buffer (pH 6.6) and 2.5 ml of 
a 1% (w/v) solution of potassium fer-
ricyanide were added in the test tube. 
The mixture was incubated in a wa-
ter bath at 50 C for 20 min. Follow-
ing this, 2.5 ml of a 10% (w/v) trichlo-
roacetic acid solution was added and 
the mixture was then centrifuged at 
1 750 g for 10 min. A 2.5 ml aliquot 
of the upper layer was combined with 
2.5 ml of DDW and 0.5 ml of a 0.1% 
(w/v) solution of ferric chloride. Ab-
sorbance of the reaction mixture was 
read at 700 nm. An increased absor-
bance of the reaction mixture indicat-
ed a greater reducing power.

Statistical methods
All determinations were conduct-

ed in triplicate. Descriptive statistical 
analysis, correlation analyses and the 
univariate characterization of black-
berry wines by their geographic origin 
were done as described by AMIDŽIĆ 
KLARIĆ et al. [25].

Principal component analysis 
(PCA) was used to provide a new set of 
variables (the least possible number) 
that are calculated in a way to keep 
most of the information present in the 
original data set. Principal components 
(PC) derived from the original data set 
with the cumulative percentage of total 
explained variance of >99.0 were used 
for further analysis with linear discri-
minant analysis (LDA). Principal com-
ponents were separately produced for 
the model of polyphenol content and 
antioxidant activity, and for the model Ta
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was to apply the spectrophotometric and chroma-
tographic methods to investigate the content of 
total polyphenolic compounds, monomeric antho-
cyanins and phenolic acids.

The results on total polyphenol concentra-
tion in blackberry wines (Tab. 1), reported as 
milligram of gallic acid equivalents per litre of 
sample, demon strate that the investigated black-
berry wines differed significantly in the amount 
of total polyphenols (from 733 mg·l-1 for BW 6 to 
2 698 mg·l-1 for BW 14; mean value: 1 548 mg·l-1).

In order to investigate whether the region 
has an influence on the polyphenol contents of 
Croatian blackberry wines, the polyphenol content 
of wines from different subregions were compared. 
Our results showed that two wines from Zagorje-
Međimurje had the highest contents of polyphe-
nols (above 2 000 mg·l-1), while the only samples 
with the content below 1 000 mg·l-1 belonged to 
Slavonia region (829 mg·l-1) and Prigorje-Bilogora 
(733 mg·l-1). Comparing our results to the litera-
ture data it was found that polyphenol content of 
investigated Croatian BW was mostly similar to 
the content of Portuguese, Brazilian, Chilean  [27, 
28] and Greek [29] red wines. It should be also 
pointed out that Croatian BW had a significantly 
higher content of polyphenols compared to white 
wines from the above mentioned regions as well as 
Croatian white wines [27, 29, 30].

As it can also be seen from Tab. 1, the con-
centration of monomeric anthocyanins, expressed 
as malvidin-3-glucoside, differed quite markedly, 
ranging from 1.30 mg·l-1 for BW 11 to 125.31 mg·l-1 
for BW 16; the median value: 10.74 mg·l-1. A statis-
tically significant difference (p = 0.032) was found 

with the addition of metal content. The mineral 
and heavy metal contents (K, Na, Ca, Mg, Fe, 
Cu, Mn, Zn, Co, Cr and Cd) in the investi gated 
samples of blackberry wines were determined by 
FAAS/FAES and GFAAS and the model using 
only metal content was published by AMIDŽIĆ 
KLARIĆ et al. [25].

LDA was conducted using the original data 
set and compared with the same analysis done 
with PC for the model of polyphenol content and 
antioxidant activity, as well as for the model with 
the addition of metal content [25] using backward 
stepwise approach to produce the discriminant 
model with the least number of variables, but still 
enough statistical power to discriminate signifi-
cantly between subregions. A classification model 
for subregional separation was provided for all 
LDA models.

The statistical package Statistica ver. 7.1 from 
StatSoft (Tulsa, Oklahoma, USA) was used for 
analyses of all data.

RESULTS AND DISCUSSION

Wines, like many other natural food products, 
contain varying amounts of different nitro-
genous substances including proteins, polypep-
tides, peptides, amino acids, amides, ammonia, 
nitrates and nitrites. Total nitrogen values were 
obtained from the sum of all nitrogenous com-
pounds present in investigated blackberry wines 
(Tab. 1). The total nitrogen concentrations in the 
analysed blackberry wines were found to fall in 
a rather wide range (65.36–455.06 mg·l-1), the me-
dian value being 137.14 mg·l-1 (standard deviation 
(SD): 0.30–6.77 mg·l-1; relative standard deviation 
(RSD): 0.2–4.9%). It was observed that blackberry 
wines had a relatively low total nitrogen concen-
tration compared to the average concentration of 
226.8 mg·l-1, which was found in Spanish red wines 
by ALCAIDE-HIDALGO et al. [26].

Generally, table wines have pH between 3.3 
and 3.7, while the range of pH values of the in-
vestigated blackberry wines were from 3.15 (BW 1 
and BW 2) to 3.63 (BW 6), the average value being 
3.31. The pH values of sample wines are listed in 
Tab. 1.

Polyphenol content of blackberry wine
Because the composition of polyphenolic com-

pounds in blackberry wines may be strongly affect-
ed, not only quantitatively but also qualitatively, 
by berry cultivar, maturity degree, environmental 
factors, winemaking techniques and technological 
treatments, a major part of our research efforts 

Fig. 1. Chromatogram of blackberry wine 
(sample No. 13) monitored at 313 nm.

Conditions: Lichrospher 100-RP18 column (250 × 4 mm, 
5 μm); eluents: (A) acetic acid : water (5 : 95) and (B) ace-
tonitrile; total run time: 33 min; flow rate: 1 ml·min-1; column 
temperature: 30 °C; volume of injection: 20 μl of sample.
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between the concentration of monomeric an-
thocyanins in the samples from different Croatian 
subregions (median values for wines from indi-
vidual subregions were ZM – 28.24 mg·l-1, SL – 
6.29 mg·l-1 and PB – 7.78 mg·l-1). In addition, the 
obtained results demonstrate that the wines with 
the highest contents of total polyphenols (BW 14 
and BW 16) were also the richest source of mono-
meric anthocyanins. Similar data, not only for total 
polyphenols but also for monomeric anthocyanins, 
were found in Greek red wines [29].

Since phenolic acids in blackberry fruit are 
represented by benzoic acid and cinnamic acid 
derivatives [31, 32], liquid chromatography was 
used to investigate the presence of four phenol-
ic acids (gallic, chlorogenic, caffeic and p-cou-
marinic acid) in BW. A satisfactory separation 
was achieved using the above described method. 
A representative chromatogram is presented in 
Fig. 1. The performance characteristics of the 
proposed method were evaluated on the basis of 
linearity, detection limit (LOD), quantification 
limit (LOQ), precision and accuracy. The linear-
ity was examined by analysing solutions in a range 
of concentrations between 6 mg·l-1 and 125 mg·l-1 
for gallic acid and from 1 mg·l-1 to 15 mg·l-1 for 
chlorogenic, caffeic and p-coumarinic acids. The 
correlation coefficient of the linear regression of 
the standard curves was greater than 0.999 for all 
investigated phenolic acids. Detection and quan-
tification limits were determined using progres-
sively lower concentrations for a signal-to-noise 
ratio of 3:1 and 10:1, respectively. The highest de-
tection and quantification limits were determined 
for gallic acid (LOD = 0.529 mg·l-1 and LOQ = 
5.292 mg·l-1), while for other investigated acids 
were significantly lower (LOD = 0.079 mg·l-1 
and LOQ = 0.790 mg·l-1 for chlorogenic acid; 
LOD = 0.074 mg·l-1 and LOQ = 0.740 mg·l-1 for 
caffeic acid; and LOD = 0.074 mg·l-1 and LOQ = 
0.736 mg·l-1 for p-coumarinic acid). The accuracy 
of the method was investigated by multiple injec-
tions (n = 3) of three different standard solutions. 
The recovery rate for gallic acid was 99.8%  0.5%, 
for chlorogenic acid was 97.8%  1.6%, for caf-
feic acid was 99.9%  1.2% and for p-couma-
rinic acid was 99.5%  0.8%. The repeatability 
of the method was tested by repeated injections 
of the standard solutions mixture (n = 3) over 
three consecutive days. The relative standard de-
viations (RSD) were in the range from 0.2% to 
1.2% for intra-day repeatability and from 0.5% 
to 1.6% for inter-day repeatability. These results 
clearly show that the chromatographic method 
was suitable for determination of the investigat-
ed phenolic acids in samples of BW. All samples 

were analysed in triplicate and the concentration 
of phenolic acids is given in Tab. 1. The obtained 
results demonstrate the presence of these four 
acids in all wines included in the study. It is also 
noteworthy that the concentrations of gallic acid 
in Croatian BW showed a relatively high variabi-
lity (28.14–122.41 mg·l-1). The concentrations of 
gallic acid were significantly higher than those 
of chlorogenic acid (1.028–3.942 mg·l-1), caffeic 
acid (2.031–4.845 mg·l-1) and p-coumaric acid 
(1.033–4.354 mg·l-1). Our results agree in general 
with results of earlier studies of wines [27, 33, 34]

Antioxidant activity of blackberry wine
Since blackberry wine contains a wide variety 

of free radical-scavenging molecules, such as 
polyphenols, the aim of this work was also to in-
vestigate the antioxidative activity of Croatian 
blackberry wines. Chromogen radicals, such as 
DPPH and ABTS, are useful reagents for inves-
tigating the free-radical-scavenging activities of 
compounds and they are often used as substrates 
to evaluate the antioxidative activity of phyto-
chemicals. These free radicals, on interaction 
with antioxidants, accept an electron or hydrogen 
atom to become a stable molecule. The degree of 
dis coloration indicates the radical-scavenging po-
tential of the antioxidant. ARNAO [35] pointed out 
some methodological problems in the determina-
tion of antioxidant activity of these chromogenic 
radicals. Firstly, DPPH is acquired directly without 
preparation, while ABTS has to be generated by 
chemical or enzymatic reactions. Another impor-
tant difference is that DPPH can only be dissolved 
in organic media, which is an important limitation 
in analysing antioxidative activity of hydrophilic 
compounds. In contrast, ABTS may be solubilized 
in organic or aqueous media, and can be easily 
used for interpreting the role of lipophilic and hy-

Fig. 2. Antioxidant activity of investigated blackberry 
wines expressed as reducing power.
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drophilic antioxidants. Thus, free-radical-scaveng-
ing activities of blackberry wines at different con-
centrations were tested by both methods, DPPH 
and ABTS. The results, expressed as IC50 values, 
are presented in Tab. 1 and it should be pointed 
out that a lower IC50 value indicates a greater anti-
oxidant activity. The IC50 values obtained by the 
DPPH method ranged from 4.32 mg·l-1 (BW 10) 
to 7.21 mg·l-1 (BW 2), the average value being 
5.42 mg·l-1 (SD: 0.03–0.35 mg·l-1; RSD: 0.6–6.3%). 
The IC50 values obtained by the ABTS method did 
not significantly differ from values obtained by the 
DPPH method and ranged from 4.52 mg·l-1 (BW 
17) to 9.27 mg·l-1 (BW 11), the average being 5.86 
mg·l-1 (SD: 0.01–0.27 mg·l-1; RSD: 0.2–5.6%).

As mentioned above, the antioxidative activ-
ity of Croatian blackberry wines was also investi-
gated by the reducing power assay. In this assay, 
the yellow colour of the test solution changes to 
various shades of green and blue depending upon 
the reducing power of each sample. The presence 
of reductants (i.e. antioxidants) in the samples 
causes the reduction of the Fe3+/ferricyanide com-
plex to the ferrous form. Therefore, Fe2+ can be 
monitored by measuring the formation of Perl’s 
Prussian blue at 700 nm [36]. In other words, the 
FeCl3/K3Fe(CN)6 system offers a sensitive method 
for the ‘‘semi-quantitative’’ determination of con-
centrations of dilute polyphenolics, which par-
ticipate in the redox reaction. RPA of the samples 
was evaluated at a concentration of 40 mg·l-1 and, 
as it can be seen from Fig. 2, the lowest absorb-
ance was found for BW 1 (0.330) and the highest 
for BW 17 (0.609).

The investigation, whether subregion has in-
fluence on the antioxidant activity of blackberry 
wines, showed no significant difference (p > 0.05) 
between the antioxidant activities measured by 
all above mentioned tests. Comparing our results 
with those obtained by other authors using DPPH, 
ABTS and RPA assays was rather difficult because 
of differences in the sample preparation and in the 
expressions used. For example, LUCENA et al. [37] 
investigated the antioxidant activity of monovari-
etal northeastern Brazilian wines after extraction 
using ethyl acetate at different pH values, yield-
ing three fractions for each sample assayed, while 
ANASTASIADI et al. [38] evaluated the antioxidant 
activity of Greek wine using a XAD-4 resin col-
umn for sample preparation. Furthermore, some 
authors [39-43] used millimoles of Trolox equiva-
lent per litre to express the antioxidant activ-
ity, whereas others [44, 45] employed IC50 values, 
which is the amount of wine needed to reduce the 
initial DPPH or ABTS value by 50%. However, 
our results for DPPH test are quite consistent with 

those of WORARATPHOKA et al. [46] obtained for 
red wines from Thailand (2.7–6.7 mg·l-1).

Furthermore, a significant correlation between 
results obtained by ABTS and RPA methods was 
observed (r = –0.58; p = 0.016). Also, the antioxi-
dant activity of the blackberry wines slightly yet 
significantly correlated with their total polyphe-
nols composition (DPPH and TPH: r = –0.50; 
p = 0.04) and monomeric anthocyanins (ABTS 
and ACY: r = –0.57; p = 0.02). Monomeric an-
thocyanins showed weak and non-significant cor-
relations with results obtained by the DPPH 
method, similar to the results previously published 
by GIOVANELLI [44] and GRANATO et al. [28]. 
These authors also found that there was no cor-
relation between the contents of anthocyanins and 
the antioxidant activity measured by the DPPH 
assay. Furthermore, non-significant correlations 
were found between the antioxidant activity and 
contents of individual phenolic compounds, which 
is in agreement with earlier reports for wines [44]. 
The antioxidant activity depends on many fac-
tors other than the phenolic composition. BW is 
a complex matrix that contains large quantities of 
phenolic and non-phenolic compounds and thus 
antioxidant activity cannot be predicted by the 
content of a specific class of substances or a sub-
stance alone.

According to this study, a considerable amount 
of polyphenols can be found in Croatian BW and 
the extent of antioxidant activity of this popu-
lar fruit wine is in conformity with the content of 
these bioactive phytochemicals.

Multivariate analysis
Applied to our data set, PCA for the model 

of polyphenol content and antioxidant activity 
revealed the first two and three eigenvectors rep-
resenting 46.3% and 64.3%, respectively, of the 
total variability of the data (Tab. 2) by reducing 
the number of features from 11 original variables 
(manifest variables) to two or three principal com-
ponents (latent variables). Also, for this model 
four principal components that accounted for 
74.9% of the variance were chosen on the basis of 
Kaiser’s criterion (eigenvalues higher than 1.0).

Furthermore, PCA for the model with the ad-
dition of metal content [25] revealed the first three 
and four eigenvectors representing 52.4%   and 
63.5%, respectively, of the total variability of the 
data by reducing the number of features from 22 
original variables to three or four principal com-
ponents. In addition for this model, seven prin-
cipal components that accounted for 83.5% of 
the variance were chosen on the basis of Kaiser’s 
criterion, and the first fourteen principal compo-
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nents (out of 16) explained 99.1% of total variance 
(Tab. 2). These 10 principal components for the 
model of polyphenol content and antioxidant ac-
tivity, as well as 14 principal components for the 
model with the addition of metal content, were 
used for further analysis.

As one of the aims of this study was to in-
vestigate the relationship between polyphenol 
content, antioxidant activity with/without metal 
content and the geographic origin of the black-
berry wine, LDA was applied to determine the 
discriminant power of both original data sets and 
principal components determined previously, us-
ing backward stepwise procedure. The non er-
ror rate (NER%) of the LD model of polyphenol 
content and antioxidant activity for the original 
data set was 100% and for principal components 
model 94.1%, giving a slightly lesser discriminate 
power. The model based on the original data set 
of polyphenol content and antioxidant activity of 
the wines finally included 9 original variables: pH, 
total nitrogen, ACY, ABTS, RPA, gallic acid, chlo-
rogenic acid, caffeic acid and p-coumaric acid. It 
facilitated a satisfactory separation of three sub-
regions of the wine origin. The data for sensitiv-
ity and specificity associated with this LDA model 
showed good results with sensitivity of 100%and 
specificity of 100%. Canonical scores for both 
roots for each sample from three subregions are 
depicted in Fig. 3A.

The non error rate (NER%) of the LD model 
of polyphenol content and antioxidant activity 
with the addition of metal content for the original 
data set was 100% as well as for PCs model. Al-
though the model based on principal components 
produced a comparable discriminant power with 
less variables included into the model (7 principal 
components vs. 9 original variables), these 7 prin-
cipal components actually included data from all 
original dataset variables. The model based on the 
original data set of antioxidant activity, polyphenol 
and metal content of investigated wines (finally in-
cluding 9 original variables: chlorogenic acid, Ca, 
Zn, ABTS, ACY, RPA, pH, Cu, p-coumaric acid) 
gave a satisfactory separation of three production 
areas. The data for sensitivity and specificity asso-
ciated with this LDA model showed good results 
with sensitivity of 100% and specificity of 100%. 
Canonical scores for both roots for each sample 
from three subregions are presented in Fig. 3B.

The interpretation of the results of the multi-
variate analyses is mainly based on the comparison 
of the F values and of the squared Mahalanobis 
distances. The F value gives us information about 
the strength of the entire discrimination, while 
the squared Mahalanobis distances are calculated 
between groups, two by two, and facilitate com-
parison of the distances between the groups of 
samples (subregions). In our study, the best dis-
criminating model was produced using 12 (out 

Tab. 2. Variance explained by 11 principal components derived by PCA for the model of polyphenol content and 
antioxidant activity, and for the model with the addition of metal content.

PC

Model of polyphenol content and antioxidant activity
Model of polyphenol content and antioxidant activity 

with the addition of metal content

Eigenvalue
Variance 
explained 

[%]

Cumulative 
variance 

explained [%]
Eigenvalue

Variance 
explained 

[%]

Cumulative 
variance 

explained [%]

1 2.915 26.5 26.5 4.505 20.5 20.5
2 2.179 19.8 46.3 3.914 17.8 38.3
3 1.973 17.9 64.3 3.117 14.2 52.4
4 1.171 10.6 74.9 2.423 11.0 63.5
5 0.909 8.3 83.2 1.888 8.6 72.0
6 0.563 5.1 88.3 1.493 6.8 78.8
7 0.552 5.0 93.3 1.033 4.7 83.5
8 0.335 3.0 96.3 0.948 4.3 87.8
9 0.241 2.2 98.5 0.659 3.0 90.8

10 0.133 1.2 99.7 0.584 2.7 93.5
11 0.029 0.3 100.0 0.439 2.0 95.5
12 0.362 1.6 97.1
13 0.267 1.2 98.3
14 0.160 0.7 99.1
15 0.120 0.5 99.6
16 0.089 0.4 100.0
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of 14) principal components (principal compo-
nents  1–10, 12 and 13) used for LDA. It is evident 
from squared Mahalanobis distances that F- and 
P- values for discrimination between subregions 
are: SL vs PB (2612.55; F = 127.23; P = 0.0001), 
SL vs ZM (857.07; F = 41.74; P = 0.0013), PB vs 
ZM (6247.40; F = 334.68; P < 0.0001). This model 
showed not only extreme separation concerning 
subregions but also a very narrow area of disper-
sion of individual wine samples intraregionally 
(Fig. 3C).

CONCLUSION

The results of our study show a significant 
polyphenol content and antioxidant activity of 
Croatian blackberry wines. Generally, the results 
indicate that the extent of antioxidant activities 
of the investigated blackberry wines is in accord-
ance with the amount of polyphenols and mono-
meric anthocyanins present in this popular fruit 
wine. Furthermore, the results of this study clearly 
demonstrate that it is possible to obtain excellent 
classification of Croatian blackberry wines accord-
ing to their geographic origin.
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