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Abstract

The phenolic characterization was conducted on 43 commercial red (Vranac, KratoSija, and Cabernet Sauvignon) and white
(Krsta¢ and Chardonnay) Montenegrin wines during the vintages of 2015 and 2016. Several phenolic groups were deter-
mined: total anthocyanins, low- and high-molecular-weight proanthocyanidins. Non-flavonoids, such as phenolic acids (seven
hydroxycinnamic acid derivatives—tartaric esters and free forms, and hydroxybenzoic acid derivatives—gallic acid), and
stilbenes (resveratrols trans/cis isomers and their 3-glucosides) were analyzed by HPLC-UV and HPLC-DAD, respectively.
Red wines reported higher concentrations of phenolic compounds and antioxidant properties, these parameters being strongly
correlated. Among red wines, Cabernet Sauvignon in 2015 reported the highest content of total phenols (2197 mg L™,
low and high content of proanthocyanidins and antioxidant activity (20.0 mM L™!), respectively, and the lowest content
of stilbenes (1.15 mg L™"). Vranac wines showed the highest content of anthocyanins (799-810 mg L~!). Kratosija wines
reported the highest content of hydroxycinnamic acids (92.0-97.7 mg L™") in both vintages. Among white wines, in the 2016
vintage, Krsta& reported higher contents of total phenols and stilbenes (300 and 0.41 mg L™, respectively) when compared
with Chardonnay wines (226 and 0.12 mg L™!, respectively). The results showed that the variety influences the content and
composition of hydroxycinnamic acid derivatives and stilbenes. The same was verified in vintages, where edaphoclimatic
conditions probably influenced the results obtained. The wines studied were differentiated and discriminated. The factor
variety was always present and sometimes it was difficult to classify wines according to the vintage, showing that the varietal
factor prevails.
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Introduction

Wines contain a number of phenolic molecules which are
considered important parameters for the assessment of wine
quality. Phenols contribute to the wine organoleptic/sensory
characteristics such as color, astringency, bitterness and
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flavor, as well as to the chemical differentiation between red
and white wines [1]. Phenolic compounds are ascribed with
numerous positive effects to human health, especially due
to their antioxidant properties [2, 3]. Several groups of phe-
nolic compounds are responsible for these healthy proper-
ties: anthocyanins [4]; proanthocyanins [5, 6]; stilbenes [7].
Nevertheless, the complex mixture of these molecules and
their synergetic action is also responsible for the biological
properties of wines [8, 9].

Phenolic compounds in wines are mainly divided into
non-flavonoid (hydroxybenzoic and hydroxycinnamic acids
and stilbenes) and flavonoid compounds (anthocyanins,
flavan-3-ols and flavonols). The most abundant flavonoid
groups of phenolic compounds are anthocyanins and fla-
van-3-ols in red wines, and flavonols, especially quercetin-
3-glucoside in white wines. Among non-flavonoid phenols
group, the hydroxycinnamic acids are the major group in
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white wines, responsible for the browning of wines as these
components are easily oxidized [10].

Several factors influence the wines’ phenolic composi-
tion. Nevertheless, the vineyard cultural and agronomical
practices applied, allied to the environmental conditions
during berry development such as soil, geographical loca-
tion and weather conditions during the harvest period and
above all, the varietal factors are the most important [2]. The
technological process and winemaking techniques will also
play an important role in the final phenolic composition of
the obtained wines [11].

Since ancient times, Montenegro has had a long tradi-
tion in wine production, being considered the country of
origin of the red varieties Vranac and KratoSija. These two
varieties are very important in the wine production of the
Western Balkan wine region. In the last 2 decades, the vine-
yard cultivation surface increased significantly in Montene-
gro and in other Western Balkan countries (Croatia, Bosnia
and Herzegovina, Serbia, and N. Macedonia), resulting in an
increase in wine production, and a higher presence of these
wines in the European market and worldwide. In this sense,
the chemical characterization of phenolic compounds and
varietal discrimination of Montenegrin wines is an impor-
tant issue, mainly for determining their regional authenticity.
Wine origin should provide recognition and bring a touch of
typicity to the wines obtained, the so-called “terroir”. For
the wine industry and the market sector, it is essential that
wine authenticity can be recognized by the genetics (variety)
and origin of the product. For national authorities, it is also
important to control the authenticity of wines to monitor
their label information [12].

The available literature devoted to the characterization
of phenolic compounds in wines from the Western Balkan
region is related to red wines (mostly wine from Vranac) [1,
10, 13-17].

Regarding the phenolic composition of Montenegrin
wines, the data available in literature are mostly based on
some global parameters for red wines performed by spec-
trophotometric methods. Kovac et al. [18] examined the
influence of some oenological practices on the polyphe-
nolic content of Vranac wine in Montenegro. Extractable
phenolic compounds (total phenols, anthocyanins, low and
high molecular procyanidins) in Montenegrin red wines
were evaluated by Pajovic¢ et al. [19], whereas the analysis
of polyphenols in Montenegrin Vranac wines was investi-
gated by Pajovié §éepanovié et al. [20]. The influence of
the yield on the antioxidant capacity of some white and red
wines from Montenegro was investigated by KoSmerl et al.
[21]. Preliminary studies of the phenolic composition and
varietal discrimination of Montenegrin red wines, prepared
under the same oenological practices have been performed
applying the HPLC-DAD technique [22]. To the best of
our knowledge, so far there is no available literature on the
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evaluation of phenolic groups or on the quantification of
some individual non-flavonoid phenolic compounds in com-
mercial red and white wines from different areas/localities
and different vintages in Montenegro. Considering this, the
objectives of the present work were: (1) to characterize phe-
nolic groups and some individual phenols within the non-
flavonoids phenol groups, and to determine the antioxidant
activities of wines and the group affected by those proper-
ties; (2) to assess the influence of vintage on the commercial
autochthonous wines Vranac, Kratosija, Krstac, as well as
that of international Cabernet Sauvignon and Chardonnay,
all 2015 and 2016 vintages from the Podgoricki sub-region
in Montenegro.

Materials and methods
Chemicals and reagents

The following chemicals and standards (all of HPLC grade)
were used for the chromatographic analysis: methanol,
formic acid, potassium dihydrogenphosphate, phosphoric
acid (Merck, Darmstadt, Germany); distilled water, MilliQ
water (Millipore Corporation, Billerica, MA, USA); stand-
ards: caffeic acid, ferulic acid, and trans-resveratrol (Sigma,
Steinheim, Germany), caftaric acid (Dalton Chemical Labo-
ratories Inc., Toronto, Canada) gallic acid, and p-coumaric
acid (Roth, Karlsruhe, Germany).

For the spectrophotometric analyses and an estimation of
the antioxidant activity, the following chemicals and stand-
ards were used: methanol, ethanol (Merck, Darmstadt, Ger-
many), hydrochloric acid, sodium hydroxide, sodium bisul-
phite, L(+)-tartaric acid, potassium persulfate (K,S,0g4) and
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid
(Trolox) (Sigma, Steinheim, Germany), 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt
(ABTS) (Fluka Germany). Ultra-pure water was of Milli
Q grade (Millipore Corporation, Billerica, MA, USA). The
reagents Folin—Ciocalteu and vanillin were from Merck
Darmstadt, Germany.

Characterization of the assessed Montenegrin wine
region

According to the recently finished zoning by EU regulations,
the Montenegrin wine area is divided into four wine regions
and fifteen sub-regions. The most important region is the
Montenegrin Basin of Skadar Lake, where the Podgorica
sub-region is included, covering 90% of the total vineyard
area in Montenegro. According to the Geoviticulture Mul-
ticriteria Climatic Classification System [23], the weather
in the Podgorica sub-region is classified as “very warm”.
Due to Huglin’s heliothermal index, as well as to the sum
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of growing degree days (GDD) for the period of the pheno-
logical cycle of the grapevines, the Podgorica sub-region
is characterized as “Region V” (>2220 GDD), which is a
“warm region” according to the Winkler Index. The Pod-
gorica vineyard district is favorable for the cultivation of
vines and consequently, for the production of high-quality
wines IPA (2017). The meteorological conditions for the
experimental years assessed are summarized in Table 1.

Wine sampling

Forty-three commercial red and white wines from differ-
ent Vitis vinifera L. autochthonous (Vranac, Krato$ija and
Krstac) and international reference varieties (Cabernet Sau-
vignon and Chardonnay) were collected during two consecu-
tive vintages (2015 and 2016) directly from the commercial
wineries located in different areas/locations of the Podgorica
sub-region. Vranac and KratoSija are the most dominant red
wines in Montenegro and in other Western Balkan countries,
together with Cabernet Sauvignon wines. Krsta¢ is only
produced in Montenegro and it is the most abundant white
wine in the country, followed by the popular Chardonnay.
The criteria for the selection of the wineries were mainly
their longest tradition and constant high quality of the wines
produced. The technological process where the wines were
produced varied among the wineries selected. Some winer-
ies applied traditional processes (LjeSkopolje), in others the
process was semi-industrialized (Rogami and Piperi), while
in others the process was fully industrial (Cemovko Polje).
The number of samples and the samples codes, variety, type
of wine and appellation/area are listed in Table 2.

To be comparable, the wine samples from the two vin-
tages were analyzed with the same age, that is, 1 year old in
January (second year after vintage).

Spectrophotometric analyses

The spectrophotometric analyses were performed using a
Varian Cary 100 spectrophotometer (Bio Tech, Maryland,
USA), as described by Di Stefano and Guidoni [24] and Di
Stefano et al. [25]. A preliminary clean-up of the phenols
was performed with a classic Sep-Pak (0.35 g) C-18 columns
supplied by Waters (Milford, MA, USA) to remove polar
compounds such as sugars, organic acids, amino acids, and
free SO,, which might interfere with the assays.

Total phenols (TP)

The total phenols were assessed through the reduction
of phosphotungstic—phosphomolybdic acids (Folin-
Ciocalteu’s reagent—FC) to blue pigments by phenols
in an alkaline solution. Briefly, 1 mL of diluted wine
(1/10 or 1/20 with 1 N of H,SO,) was mixed with 2 mL

Table 1 Meteorological data in the Podgorica sub-region during the two consecutive seasons studied (IHMS, 2017)

Humidity

Huglin Index Rainfall (mm)

Winkler Index

Temperatures (°C)

Annual average Seasonal® Monthly®

Seasonal® Monthly®

Annual pre-

Monthly®

Seasonal®

Annual average

cipitations

50.0

47.3

243.0 43.6 57.0

1176.0
1993.7

3203
2941

24.3 24.1 2620
2397

17.2

2015

58.0

55.2

84.4 62.0

675.7

22.1

23.1

16.6

2016

#From April 1 to September 30

Last month (30 days) before harvest

IHMS Institute for Hydrometeorology and Seismology of Montenegro
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Table 2 Description of the

. ; Wine code Variety Type of wine Appellation/location

wines stdied Number of samples
V,(n=3) Vranac Red Cemovsko polje
V, (n=3) Vranac Red Ljeskopolje
V5 (n=3) Vranac Red Rogami
K, (n=3) Kratosija Red Cemovsko polje
K, (n=3) KratoSija Red Ljeskopolje
K; (n=3) Kratosija Red Rogami
CS, (n=3) Cabernet Sauvignon Red Cemovsko polje
CS, (n=3) Cabernet Sauvignon Red Piperi
CS; (n=3) Cabernet Sauvignon Red Rogami
WK, (n=3) Krsta¢ White Cemovsko polje
WK, (n=2) Krstac¢ White Ljeskopolje
WK; (n=2) Krstac White Rogami
WCh, (n=3) Chardonnay White Cemovsko polje
WCh, (n=3) Chardonnay White Piperi
WCh; (n=3) Chardonnay White Rogami

of methanol, 5 mL of distilled water, 1 mL of FC rea-
gent, 4 mL of Na,CO, solution (10%) and distilled water
was added to a total volume of 20 mL. After 90 min, the
absorbance was read at 700 nm against a blank prepared
with distilled water in a 1 cm cuvette. When absorb-
ance was between 0.3 and 0.6 AU (the linear range)
the results were calculated as (+)-catechins equiva-
lents = 186.5 X A xd in mL L™!; where A is the absorb-
tion and d is sample dilution. The concentrations were
determined by means of a calibration curve of gallic acid.

High-molecular-weight proanthocyanidins (HMP)

The HMP were evaluated by transformation into cyan-
iding [25]. The results were expressed against the cor-
responding blank as cyanidin chloride. The solution was
prepared in two flasks (A and B) as follows: 9.5 mL
of 95% ethyl alcohol, 2 mL of diluted wine (with 1 N
H,S0,) with 3 mL of methyl alcohol and 12.5 mL of 0.3%
FeSO4 in HCI. The flask A was placed to boil for 50 min
(T=102 °C), while flask B was placed in ice for the same
period. After that, both flasks were adjusted on the same
temperature (19 °C) in the water bath and absorbance
was read at 700 nm with blank—distilled water in 1 cm
cuvette when absorption was between 0.3 and 0.6. The
results were calculated as mg L™! of cyanidin equiva-
lents=(A —B)x 1162.5 X d X V; where A is the absorbance
of flask A content; B is the absorbance of flask B; d is the
wine sample dilution; and V is the sample volume. The
method provides a good estimation for the evaluation of
HMP [26].

@ Springer

Low-molecular-weight proanthocyanidins: index
of vanillin (LMP)

The catechins and proanthocyanidins reactive to vanillin
were analyzed according to the optimized and controlled
vanillin—~HCI method of Broadhurst and Jones [27], follow-
ing the conditions described by Di Stefano et al. [25] they
were calculated as (+)-catechin (mg L‘l) by means of a cali-
bration curve. A solution was prepared consisting of 2 mL of
wines (diluted with 1 N H,SO,) and 5 mL of methanol. The
mixture was then divided in two flasks (A and B). In flask
A were added 6 mL of 4% vanillin in methanol and 3 mL of
concentrated HCI. In flask B were added 6 mL of 4% vanillin
in methanol and 3 mL of concentrated HCI. After 15 min of
acclimatization of the samples at 15 °C, the absorbance was
read at 700 nm using the content of flask B as blank. When
the absorbance was between 0.2 and 0.4 AU (700 nm), the
LMP was reported as (+)-catechin equivalents = Ex d x 0.4
in mg L™!; where E is the absorbance and d the sample dilu-
tion. This method provides a good estimation of catechins,
free flavanols, and a low degree of proanthocyanidins.

Total anthocyanins (TA)

The total anthocyanins were determined on the basis of
maximal absorbance in the visible range (536-542 nm)
[25]. 5 mL of diluted wine (with 1 N H,SO,) were mixed
with 3 mL of methanol and three drops of concentrated HCI,
and 12 mL of a solution of ethanol/water/HCI (70:30:1).
After 15 min the absorbance was read between 380 and
700 nm. The TA content was calculated as malvidin 3-glu-
coside chloride equivalents (mg L™! of wine), being the
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experimental value of the molar absorptivity of malvi-
din 3-glucoside chloride in ethanol/water/HCI (70:30:1),
£=30,100 e.q. M~! cm~! at 542 nm [25].

HPLC analyses
HPLC-DAD analysis of phenolic acids

The HPLC separation and quantification of phenolic acids
were performed according to the modified method of
Vrhovsek et al. [28] on a Hewlett-Packard Series Instrument
(Agilent Technologies, Santa Clara, CA) using a reversed-
phase column POROSHELL 120 SB-C18 analytical col-
umn (150x 2.1 mm, 2.7 pm) (Agilent Technologies, Santa
Clara, CA), thermostated at 40 °C, with an auto injector
(5 pL injection volume) and a diode array detector (DAD)
set at 280 and 320 nm. 5 pL of 0.45 pm membrane-filtered
samples were injected with a 0.25 mL min~! flow rate. The
solvents used were 0.5% formic acid pH 2.3 (solvent A) and
methanol (solvent B), with the following gradient program:
3% B at 0 min, 6% B at 14 min, 7% B at 24 min, 13% B at
35 min and maintained until 47 min, 20% B at 57 min, 70%
B at 60 min and maintained until 70 min, 3% B at 75 min,
and post run times of 15 min. Determinations were carried
out with an external standard method by comparing the
retention times and ultraviolet (UV) spectra with commer-
cial standards: caffeic acid, ferulic acid, caftaric acid, p-cou-
maric acid, gallic acid. The quantification of trans-coutaric
acid, cis-coutaric acid, and fertaric acid was obtained by
external calibration using caftaric acid.

HPLC analyses of stilbenes

The concentrations of four different resveratrols were ana-
lyzed according to a modified method of Eder et al. [29].
An HPLC system (type RRLC; Agilent Technologies, Santa
Clara, CA) with an analytical column POROSHELL 120
SB-C18 (150 2.1 mm, 2.7 pm) (Agilent Technologies,
Santa Clara, CA) was used. Using 0.5% formic acid (sol-
vent A) and methanol (solvent B) as eluents, the following
gradient was used: 3% B at 0 min, 4% B at 25 min, 20% B
at 40 min, 30% B at 75 min and maintained until 80 min,
70% B at 85 min and maintained until 95 min, and 3% B at
98 min, with a post run time of 15 min. The injection volume
was 5 pL of 0.45 pm membrane-filtered samples, with a flow
rate of 0.25 mL min~'. The UV detection was performed by
measuring wavelengths of 280 and 320 nm. The identifica-
tion and quantification of trans-resveratrol and trans-res-
veratrol glucoside (trans-piceid) was performed using pure
standards. Cis-resveratrol and cis-resveratrol glucoside were
obtained from the trans-isomers by UV irradiation (254 nm,
24 h) and were quantified using a molar cis/trans extinction
ratio of 3.78/1.

Determination of the wines antioxidant activity

The antioxidant capacity of wines was estimated using the
Trolox equivalent antioxidant capacity (TEAC) according
to a modified spectrophotometric method [30], described
by Pajovié-ééepanovié et al. [22]. An ABTS solution was
prepared by incubating 5 mL of 7 mM aqueous ABTS solu-
tion with 88 uL of potassium persulfate solution for 16 h in
the dark. The obtained solution was further diluted in abso-
lute ethanol until the initial absorbance value of 0.7 +0.05
at 734 nm was reached. The absorbance of 2 mL of ABTS
solution at 734 nm (ABTS) was measured, 0.01 mL of
adequately diluted wine was added. After exactly 6 min,
the absorbance of the sample was measured. The results
were expressed as mM L~ of Trolox equivalent antioxidant
capacity (TEAC).

Statistical analysis

To establish the significance of differences between the
varietal wines, the origin of wines—sites/localities and their
interaction for each studied parameter, a two-factorial analy-
sis of variance (ANOVA) was applied. For those parameters
and factors where significant differences were detected, an
additional LSD test was applied to the significance level of
P<0.05.

The data obtained (19 variables, including phenolic com-
pounds and ABTS antioxidant activity) were also used in a
principal component analysis (PCA) and linear discriminant
analysis (LDA) to verify if the wines could, respectively,
differentiate and discriminate the wine samples according
to the type of grape (white vs. red) and according to the
variety, vintage, and location. These multivariate analyses
were carried out according to the procedures described by
Pajovié-Séepanovic et al. [22]. All the statistical treatments
were performed using the statistical package IBM SPSS Sta-
tistics 20 (IBM Corporation, New York, U.S.A.).

Results and discussion

Wine phenolic composition by spectrophotometrical
methods

The total phenol content, low- and high-molecular weight
proanthocyanidins (LMP and HMP, respectively), and
the total anthocyanins in 1-year-old wines from Vranac,
Kratosija, Cabernet Sauvignon, Krsta¢, and Chardonnay are
reported in Table 3.

As expected, red wines contained a significantly
higher amount of total phenol content, low- and high-
molecular-weight proanthocyanidins than white wines.
The total phenol content in the red wines varied between
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Table 3 Content of

. TP TA LMP HMP ABTS?
polyphenols (mg L™)
(TP—Total polyphenols, 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016
TA—total anthocyanins,
LMP—Ilow-molecular v, 1834%  1780°  800° 776" 1082  495° 3088®  2137°  17.5%  15.1°
weight proanthocyanidins, v, 1623%4 15519 815* 738" 818  449° 2102°  1625°  162*  15.0°
HMP—high-molecular weight v, 2182 2064 814° 883 1259  1001°  2714° 2585 20.1%  182¢
proanthocyanidins) and B B A A A B B B B B
ABTS (mM L) in the wines Mean 18805 17988 8104 7994 1053 648 26358 2116 18.05  16.0
(Vranac—V, Kratosija—K, K, 1470°¢  1239°  253¢  220°  995% 445 1848 2012  153* 11.8¢
Cabernet Sauvignon— K, 2063°  1837%  308¢ 484 1292  819¢ 2799°  1880%  20.5% 158
CS, Krstal—WK and K, 1407 1200°  407° 296 4514 297 16324 1177  13.8°  10.8°
Chardonnay—W(Ch) from the c c c c B - c c - c
2015 and 2016 vintages Mean 1647 1425 323¢ 333 913 520 2093 1690 17.0 13.0
CS, 2133%  2227°  457°  584°  1642°  1183* 3306 2771  19.1°  18.8*
Cs, 1972°  1724%¢ 710  858*  1112% 567 2939°  2274°  17.6® 15.8*
CS, 2485* 1867  636°  463% 1587  1129% 3430*°  2454*° 22.8° 16.8°
Mean 21974 19394 6018 6028 14474 9604 32254 2500%  20.0%  17.0%
WK, 389 277%® - 512 26 267 174 1.8%¢ 1.4
WK, 427 301° - - 47° 37% 282 179 2.1% 1.5%
WK, 408? 3228 - - 528 31° 296 177 20% 1.6
Mean 408* 3004 — - 504 314 282 177 2.04 15
WCh, 255¢ 202° - - 27° 18¢ 248 182 1.2°¢ 0.9
WCh, 334 220k _ - 22° 26° 254 195 1.4%  1.0%®
WCh, 295¢ 245 — - 25b 25¢ 269 188 1.2 L.1%®
Mean 2048 2268 - - 258 238 257 188 1.38 1.0
ANOVA
Vintage wE n.s. wE *E *E

Different superscript small letters in the same row indicate significantly different mean values (P <0.05) for
wines from different producers in the same vintage and for the red and white wines separately

Different superscript capital letters indicate significantly different mean values (P <0.05) for varietal wines
and for the red and white wines separately

ANOVA was used to compare data between vintages (n.s. not significant and **P <0.05)

aexpressed as mM L~! of Trolox equivalents

1407 and 2485 mg L~! in the 2015 vintage, and from
1200 to 2227 mg L~! in the 2016 vintage. These results
are comparable to those reported for the Vranac and
Krato$ija wines produced in the Podgoricki sub-region
in the 2012 vintage, between 1265-2032 mg L™' [21]
and between 2000-2019 mg L™! in Vranac wines dur-
ing the seasons 2008-2010 [20]. Our results are also in
accordance with the total phenol content for Macedo-
nian (1394-3097 mg LY [13] and Croatian red wines
(1012-3264 mg L") [14].

The content of total anthocyanins in the examined wines
varied between 253-815 mg L~! in 2015 and between
220-883 mg L™! in 2016. The results are comparable to
those reported for Montenegrin red wines from Vranac
(600-870 mg L' in 2008 and 640-790 mg L.~! in 2009) pro-
duced with different fermentation methods in the Podgoricki
sub-region [31]. Our results are also in agreement with those
of KoSmerl et al. [21] regarding Montenegrin red wines from
Vranac and KratoSija, as well as with Kallitraka et al. [32]
regarding international Greek wines.
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Regarding the contents of LMP, the variation was from
451 to 1642 mg L~! in 2015 and from 297 to 1129 mg L~
in 2016. The content of HMP was higher, ranging between
1632-3430 mg L~! in 2015 and between 1177-2771 mg L™!
in 2016. Our results are within the range obtained in other
studies that used the same techniques. Mattivi et al. [33]
analyzed Italian red wines and reported a great variation
in LMP, between 792431 mg L', and in HMP, between
112-3550 mg L~!. Baiano et al. [34] reported values
between 953-2366 mg L~! for LMP and 1581-3687 mg L™
for HMP in Primitivo wine from the Puglia wine region in
Italy.

The total phenol content was much lower in white
wines than in red wines (Table 3). It ranged between
255-427 mg L~! in 2015 and between 202-322 mg L~!
in 2016. The results obtained are in accordance with
the total phenols content in white wines from Croatia
(301-402 mg LY [35], and a little higher than those of
the varieties Krsta¢ and ZiZak (253.9 and 275 mg L)
from the Podgoric¢ki sub-region of Montenegro [21]
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and those of Macedonian white wines from the varieties
Tamjanika, Rizling, Smederevka, and Sauvignon Blanc
(185-230 mg L") [1]. The LMP content varied between
22-52 mg L~ and 18-37 mg L~!in 2015 and 2016, respec-
tively. The HMP content ranged between 248-296 mg L'
and 174-195 mg L' in 2015 and 2016, respectively.

The results obtained show that the levels of the different
classes of phenolic compounds were dependent on grape
variety (Table 3). In both vintages, Cabernet Sauvignon
wines reported the highest content of the examined group
of phenols, statistically different from the other two red
wines, except for the content of anthocyanins. In previous
studies, some authors reported a higher content of phenolic
compounds in Cabernet Sauvignon wines when compared
to other red wines [14, 19, 32]. The highest anthocyanins
content obtained in this study was found in Vranac wines,
which is in line with previous results for red wines in Monte-
negro [19, 21] and N. Macedonia [13]. The content of LMP
and HMP in our study reported the same trend presented
by Pajovic et al. [19] for varietal wines in the Montenegrin
region: Cabernet Sauvignon > Vranac > Kratosija.

Determination of individual phenolic non-flavonoid
compounds in wines

For an accurate characterization of the phenolic composition
of Montenegrin red and white wines, a detailed chromato-
graphic analysis was performed using HPLC-DAD. Spec-
trophotometric methodologies for the evaluation of phenolic
compounds are techniques which allow a fast screening of
the phenolic content in wines [1]. Two classes of non-fla-
vonoid phenolic compounds were investigated: Phenolic
acids (hydroxycinnamic acid derivatives—tartaric esters
and free forms and hydroxybenzoic acid derivatives—gal-
lic acid) and stilbenes (resveratrols trans/cis isomers and
their 3-glucosides).

Phenolic acids in red and white Montenegrin wines

As expected based on literature, the content of tartaric esters
of HCA was generally higher than their free acids forms.
In all the red and white wines, the concentration of HCA
decreased in the following order: trans-caftaric acid > trans-
coutaric acid > others (Table 4) [36-38].

Regarding red wines, the content of trans-caftaric acid
ranged between 45.3-68.6 mg L™! in 2015 and between
46.7-88.6 mg L™ in 2016. The content of trans-cou-
taric acid varied from 8.5 to 20.5 mg L™! and from 7.9 to
21.0 mg L™" in 2015 and 2016, respectively. As it can be
seen from the data presented in Table 4, statistically signifi-
cant differences were observed for esters and free forms of
HCA in the wines studied. The total content of HCA var-
ied between 75.3-98.9 mg L' and 75.9-116 mg L~! in the

vintages from 2015 and 2016, respectively. The values for
the total content of HCA are in accordance with the content
reported for some Italian red wines [33] 20-120 mg L 'and
for some Austrian red wines 37.7-170.1 mg L' [39].

In the white wines, the contents of caftaric and trans-
coutaric acid, and consequently the content of total HCA,
were lower when compared to red wines (Table 4). The
content of caftaric acid varied between 33.2-45.5 mg L~!
and 28.5-45.6 mg L™!, whereas the content of trans-cou-
taric acid was 5.3-8.1 mg L™ and 4.6-7.9 mg L™" in 2015
and 2016, respectively. The content of total HCA in the
white wines studied was 52.3-71.2 mg L' in 2015 and
47.8-65.4 mg L™! in 2016. The results obtained for the
total content of HCA in the white wines are comparable to
those reported for Weifburgunder and Chardonnay wines
from Austria, which ranged between 26.5 and 65 mg L™
[28]. However, our results were higher when compared
to some Californian white wines, mostly Chardonnay
(8.4-34.3 mg L™1) [40].

Gallic acid was the only hydroxybenzoic acid derivative
quantified in the wines (Table 5). In the red wines, the con-
tent of gallic acid varied between 27.1-66.1 mg L™" in 2015
and 25.0-62.2 mg L=! in 2016. These results are similar to
some red wines in Greece (10.9-46.3 mg LY [12] and to
some Italian red wines (13.6-90.5 mg L") [41]. The content
of gallic acid in white wines varied between 0.9-2.4 mg L~!
and 1.4-1.9 mg L~" in both vintages (2015 and 2016, respec-
tively), and these results are in line with those obtained
by Minussi et al. [42] when studying Italian white wines
(0.6-3.5mgL™").

The content of total HCA was higher in Kratosija wines,
being statistically different from those found in Vranac and
Cabernet Sauvignon (Table 4). The results obtained are
comparable to those of Pajovié-ééepanovié et al. [22], who
studied red varietal wines produced from grapes from differ-
ent locations but under the same oenological conditions. The
percentage profile of hydroxycinnamic acids (caftaric/cou-
taric/fertaric acid) in the three analyzed red varietal wines
is similar to those found in the other Montenegrin wine-
growing regions [22]. The percentage profiles obtained in
the varieties Vranac and Cabernet Sauvignon are also similar
to those obtained in N. Macedonia [15]. There was evidence
of varietal differences in the HCA profiles among the studied
white wines Krsta¢ and Chardonnay, mostly based on cou-
taric and fertaric forms. Those results confirmed previous
studies where it was found that specific HCA profiles are
responsible for the characterization of wines according to
variety [33, 37].

The results obtained in the phenolic acids composition
from the foreign varieties (Cabernet Sauvignon and Char-
donnay) were compared between the wines obtained in Mon-
tenegro and in southern France. According to the studies of
Laudrault et al. [43] and Teisedre and Laundrault [44], the
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Table 4 Content of hydroxycinnamic acid derivatives (mg L™!) in Montenegrin red and white wines from the 2015 and 2016 vintages (mean

values + SD)

Caftaric acid cis-Coutaric trans-Coutaric ~ Fertaric acid Caffeic acid  p-Coumaric ~ Ferulic acid ~ Total HCA

acid acid acid

2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016
v, 514 5324 27¢  51°  205%  182° 355 3.0 64° 46° 45 37°  3.0° 09 91.9% 887%™
v, 53.3%  46.7¢ 179 32¢  17.2% 148% 365 3.0 3.9° 45 34> 26° 24> 10 g55% 759
v, 49.3¢  57.8%¢ 4.1*  29¢  19.5® 2100 37 33 364 46 3.6° 27° 1.9° 1.0* 858° 934°
Mean 5138 53.6° 298  38%B 1904 18.0% 3.6% 318 46* 464 38 304 244 09° 8774 86.08
K, 68.6° 638> 37% 65 1L1F  123° 83 63> 329 23 20 13% 20° 08  989* 933°
K, 58.2%¢  64.0° 32°  1.6° 8.6 790 8.0° 62° 3.9° 269 265 08 20° 07° 863" 838
K, 69.4* 886* 179 18  85f 13.5% 68 7.5 28% 1.8 09 08 07 20° 907 116.0°
Mean 6544 7214 28% 338 94C 102¢ 7.7 6.8 33 22 1.8 1.0 1.6 1.1*B 9204 9772
CS, 474°  59.0° 4.0® 37%¢ 136% 18.1° 23¢ 25% 34% 30° 35° 20° 12¢ 09™ 753> 89.1%
CS, 453 60.3° 43*  3.9° 155% 153% 229 31 51b 22 32° (2% [1° 16® 761> 87.7%
CS,4 52.1¢ 555% 3.1%  47°  13.8%  164° 34 3.1 29% 2594 160 16 1.9 13> 78.9% 851°
Mean 4838 588% 384 414 1438 166% 26 298 388 268 288 16% 14 134 7708 873"
WK, 38.6° 2857 45° 45 170 50 63*  49° 1.9  19° 20° 1.8 14® 12% 624> 478°
WK, 454*  456° 56° 43 8.1 79° 56> 42® 25 10° 23 10° 1.6 09° 712* 65.0°
WK, 332°  36.6° 3.7°  46° 62  63° 33 47* 25  1.7° 16 14 17 LI 523°  564°
Mean 39.1B 3728 46 44% 73% 654 51 450 23 158 200 13® 164 10 6204 564
WCh, 364 32.6° 42°  42%  50° 49¢ 51 360 1.8  19° 129 159 09° 09 555¢ 49.7¢
WCh,  455° 41.6° 329 35° 53¢ 46% 45 36 21 21° 1.8 1.6 1.0* 09° 634> 57.9°
WCh,  41.6, 444° 28° 36" 67° 65>  54° 40 25 31* 19* 29* 05 09° 613 654°
Mean 4128 3954 34 388 6.0P 548 50 372 21 23 168 20 08 09 600® 57.7°
ANOVA
Vintage ek sk sk sksk sk kk sk n.s.

Different superscript small letters in the same row indicate significantly different mean values (P <0.05) for wines from different producers in

the same vintage and for the red and white wines separately

Different superscript capital letters indicate significantly different mean values (P <0.05) for varietal wines and for the red and white wines sepa-

rately

ANOVA was used to compare data between vintages (n.s. not significant and **P <0.05)

contents of caftaric, caffeic, and gallic acids were higher
in wines obtained in France compared to our Montenegrin
wines. Such difference could be attributed to the terroir
and the edaphoclimatic conditions of the regions where the
grapes were cultivated.

Stilbenes in red and white Montenegrin wines

Trans-resveratrol glucosides were the dominant forms of
stilbenes for all the studied wines in both vintages, as con-
firmed by literature [11, 15, 36]. Regarding red wines, the
trans-piceid content varied between 0.34—1.77 mg L™! for
the 2015 vintage and 0.80-2.58 mg L™! in 2016. The second
most abundant stilbenes were the cis-resveratrol glucosides,
ranging between 0.24-1.25 mg L™! and 0.67-2.09 mg L™!
in 2015 and 2016 red wines, respectively. The total stil-
benes content varied from 1.00 to 3.48 mg L' in 2015 and
from 2.40 to 5.70 mg L™! in 2016. The results obtained

@ Springer

for the 2015 vintage are in line with those presented for
Vranac wines in the Podgoricki sub-region for the period
2010-2012, 2.3-3.1 mg L~! [44], and for some red wines
from the 2015 vintage, 0.7-2.7 mg L™! [22]. Our results for
both vintages are also in line with those obtained by Kalli-
traka et al. [12] and Monagas et al. [11] in Greek and Span-
ish red wines, which reported contents of stilbenes ranging
between 0.0-9.72 mg L™" and 0.4-5.2 mg L™}, respectively.

The distribution between the resveratrol forms in the
studied white wines was similar to that observed in the red
ones. trans-Resveratrol glucosides were the most abundant,
with contents varying between 0.03-0.09 mg L~! in 2015,
and between 0.06-0.21 mg L™! in 2016. The second most
abundant resveratrol was cis-piceid for both varietal white
wines in 2016, whereas in 2015 it reported the same level
as trans-resveratrol. The content of total stilbenes ranged
between 0.07-0.22 mg L™! and 0.17-0.53 mg L™ for the
two consecutive vintages.
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Table 5 .Con.tent of stil})enes Stilbenes Hydroxy-
and gallic acid (mg L™") in benzoic acid
var'ietal Montenegrin red and derivatives
white wines from the 2015
and 2016 vintages (mean trans- trans-Resver-  cis-Resveratrol cis-Resveratrol — Total stil- Gallic acid
values +SD) Resveratrol  atrol glucosides benes
glucosides
2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016
v, 1.51° 2478 0.50® 055 0.86° 2.09° 0.15® 0.39® 3.02° 550 44.8¢ 459°
v, 177 258" 041° 038" 125 1.22° 0.06™ 042a° 348 4.60° 473° 62.2°
v, 0.64° 2.41° 024° 1.14* 024° 1.91* 0019 023 1.14%° 570° 66.1° 49.3°
Mean  1.30% 2.49% 0.38% 0.69* 0.78% 1.74* 0.07* 0358 2554 5274 5274 5244
K, 0.83¢ 1.87° 0.29° 0.52° 048 1.56° 0.04 034> 1.64° 430° 584> 41.9¢
K, 1.17° 2.09° 052 0.63° 0.50° 1.94° 0.08* 025 227° 490° 40.1° 39.4°
K, 1.20° 1.75° 0.54* 0.55c 0.44°  1.17° 0.19° 033 237° 3.80° 37.38 36.2f
Mean  1.06® 1918 045% 057° 048® 1.56° 0.10° 031 209° 433% 4538 392P
CS, 038" 1.08¢ 0.52* 0407 032%¢ 094¢ 0.18 048 1404 290° 27.1" 250"
CS, 034" 0.80° 0.26° 057° 0.38%¢ 0.67° 0.07° 036" 1.05° 240° 27.9" 39.6°
CS, 041" 0.88¢ 021° 081° 027° 072% 0.11° 049° 1.00° 2.90° 339" 28.1¢
Mean  0.38° 0.92¢ 031¢ 0598 032¢ 078 0.128 044* 115 2.73¢ 29.7¢ 3098
WK, 0.06° 0.11% 0.04* 0.05® 0.05>° 0.09* 0.00° 003 0.14> 027¢ 2.3* 19
WK, 0.06° 020° 0.04° 0.07*° 0.03° 0.10° 0.00° 0.06° 0.12° 043®> 24* 14°
WK, 0.09* 021* 0.06*° 0.06® 0.07*° 0.17° 0.00° 0.09 022 053 21° 1.5°
Mean  0.07* 0.17% 0.05* 0.06 0.05* 0.12% 000® 0.06* 0.16* 0414 23% 16
WCh,  0.05° 0.06% 0.04° 0.04° 004> 005 001* 0.02¢ 014> 017¢ 09° 1.9
WCh,  0.06° 0.09° 0.03° 0.05®° 0.04>*¢ 0.06™ 001 0.02¢ 014> 022¢ 134 14°
WCh;  0.03¢ 0.13° 0.02¢ 0.07° 0.02¢ 0.08* 000° 004 007° 032° 1.0° 1.5°
Mean  0.05% 0.09% 0.03® 005 003® 006° 001* 003% 012° 023% 1.1° 16
ANOVA
Vintage skek £ sk sk £ sk

Different superscript small letters in the same row indicate significantly different mean values (P <0.05) for

wines from different producers in the same vintage and for the red and white wines separately

Different superscript capital letters indicate significantly different mean values (P <0.05) for varietal wines
and for the red and white wines separately. ANOVA was used to compare data between vintages (n.s. not
significant and ** P <0.05)

Regarding red wines, the highest proportion of trans
forms was found in all wines. A similar observation was
made by Pajovic’-ééepanovic’ et al. [22] in Montenegrin
wines from the same varieties prepared under the same
oenological practices in the 2015 vintage. These wines
contained 69.5%, 68.5%, and 65.1% trans forms (Vranac,
Kratosija, and Cabernet Sauvignon, respectively), while for
Vranac and Cabernet Sauvignon the results were 69.9% and
62.8%, respectively, for the 2006 vintage in N. Macedonia
[15].

There was also a difference in the total concentration of
stilbenes, which was significantly different among the red
varietal wines studied. Vranac wines contained the highest
content of total stilbenes, followed by Kratosija, while the
lowest concentration was reported in Cabernet Sauvignon
wines in both consecutive vintages (Table 5). The fact that
wines from Cabernet Sauvignon reported a lower content

of stilbenes in comparison to the other red wines was also
verified in other wines from Montenegro, Greece, and Spain
[11,12,22].

Regarding white wines, Krsta¢ contained higher contents
of stilbenes in both vintages and showed a higher variabil-
ity among trans and cis forms compared to the wines from
Chardonnay. The results presented in Table 5 indicate that
the synthesis of stilbenes is affected by environmental stim-
uli, but genetic factors (grape variety) are also very impor-
tant [17, 29, 45].

Antioxidant properties of the studied wines
The in vitro antioxidant activity of the studied wines was
evaluated with the capacity to scavenge ABTS radicals, the

results being reported in Table 3. The results showed that
the antioxidant capacity of red wines was much higher when
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compared to that of white wines, which is in agreement with
previous studies [21, 35, 42].

On average, Cabernet Sauvignon wines showed
the strongest activity, statistically different from the
two other red wines Vranac and KratoSija. The anti-
oxidant capacity (ABTS) of the studied red wines var-
ied between 15.3-22.8 mmol L~" of Trolox in 2015, and
10.8-18.8 mmol L™" in 2016 (Table 3). These results are
similar to those obtained by Pajovié-géepanovié et al. [22]
(9.1-21.0 mmol L), who studied red wines produced in
the Podgorici sub-region in the 2015 vintage. The results
are also comparable to those from other studies where the
same methodology was used. éeruga et al. [14] and Baiano
et al. [29] reported 7.9-24.2 mmol L~!in Croatian wines and
9.98-23.35 mmol L~! in Primitivo Italian wines.

We carried out the identification of the active phenolic
classes and individual phenolic compounds that are respon-
sible for the antioxidant properties of the red wines studied.
The total phenol content was correlated with ABTS scaveng-
ing activity (R*=0.8906 and R*>=0.9254, in 2015 and 2016,
respectively). Both vintages under study reported low R?,
obtained by plotting the antioxidant capacity with the con-
tent of anthocyanins, low- and high-molecular proanthocya-
nidins. No correlations were found between the individual
non-flavonoid phenolic compounds, the studied groups of
phenolic acids (hydroxycinnamate acid and gallic acid), and
stilbenes with antioxidant capacity. In literature, however,
some groups of phenolic compounds such as hydroxycinna-
mate acid [38] and stilbenes [28], as well as gallic acid [42],
can act more effectively comparatively to other phenolic
groups and a direct linear correlation was proved between
antioxidant capacity and the mentioned phenolic groups/
compounds.

As expected, white wines in our study reported a consid-
erable lower antioxidant capacity (Table 3). Krsta¢ reported
a higher antioxidant activity compared to Chardonnay. The
average values of antioxidant activity for white wines varied
between 1.2 and 2.1 mmol L™! in 2015 and between 0.9
and 1.6 mmol L™! in 2016. The total antioxidant capacity
in white wines was also correlated with the concentrations
of total phenols (R*=0.9057 and R*=0.8987 in 2015 and
2016, respectively), and not with the other groups of phe-
nolic compounds studied, nor with individual non-flavonoid
phenolic compounds.

Discrimination of grape varieties, vintage,
and location influence in Montenegrin red
and white wines

The variables studied and the results obtained in the
phenolic profile and antioxidant activity of the Mon-
tenegrin red and white wines were applied in a PCA
(Fig. 1). The results obtained from the PCA allowed a
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Fig. 1 Principal component analysis of the phenolic profile and anti-
oxidant activity of Montenegrin red (Vranac, Kratosija, and Cabernet
Sauvignon) and white (Krsta¢ and Chardonnay) wines from 2015 and
2016 vintages. Principal components explain 71.65% of the total vari-
ance. 1—cis-coutaric acid; 2—fertaric acid; 3—cis-resveratrol; 4—
caftaric acid; 5S—trans-resveratrol; 6—total stilbenes; 7—cis-resver-
atrol glucosides; 8—trans-resveratrol; 9—total HCA; 10—gallic acid;
11—ABTS; 12—total phenols; 13—HMP; 14—trans-coutaric acid;
15—LMP; 16—-<caffeic acid; 17—total anthocyanins; 18—ferulic
acid; 19—p-coumaric acid
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clear differentiation between red and white wines. Red
wines were represented in the entire positive region of
PC1, while white wines were represented in the oppo-
site region (Fig. 1). Interestingly, the PCA was able to
separate the varieties and the year of vintage, but not the
location. The differences within the same variety between
vintages were greater in red wines, while in white wines
the differences were smaller. In the case of red wines, the
vintage has a clear differentiating impact on the phenolic
profile, and consequently, on the antioxidant activity of red
wines. The three varieties studied (Vranac, KratoSija, and
Cabernet Sauvignon) were clearly separated according to
the year of vintage (Fig. 1). In 2015, red wines contained
higher content of TP, LMP, HMP, and antioxidant activ-
ity probably due to the higher temperatures and a lower
rainfall registered during the growing season, mainly in
the final period of harvest, providing better conditions for
the accumulation of phenolic compounds. By contrast,
the 2016 season was characterized by lower temperatures
and higher humidity and rainfall (Table 1) which probably
caused the incidence of fungi in the vineyards, leading to
the synthesis of stilbenes in the grapes and consequently in
the wines. This finding is in line with Raicevi¢ et al. [31]
attributed higher levels of phenolic compounds (total phe-
nols, total flavonoids and total flavan-3-ols) in wines from
the Vranac variety in the Podgoricki sub-region in 2008 in
comparison to those from 2009 due to the changes in tem-
perature and water availability (drought or precipitation).
Higher levels of humidity are normally associated with the
synthesis of stilbenes, while the temperature negatively
influences the concentrations of resveratrols in grapes and
wines [43]. This was also observed in our results since in
the year of higher humidity, higher concentrations of the
cis forms of resveratrols were found in the grapes and con-
sequently in wines, in line with previous research [45, 46].

The same data were applied in an LDA to discriminate
varieties and vintages. The obtained LDA is represented in
Fig. 2. The discriminant model was able to correctly clas-
sify 100% of the original data according to their variety and
vintage with only six variables (fertaric acid, cis-resveratrol,
trans-resveratrol glucoside, gallic acid, ABTS antiradical
activity, and ferulic acid). Nevertheless, this percentage
decreased to 56.7% when a cross-validation was carried
out. In all the varietal wines studied (except for Cabernet
Sauvignon) using the cross-validation procedure, at least
one sample from the vintage 2015 was classified as belong-
ing to the vintage 2016. This fact proves that the season is
important in the phenolic profile of wines, but they continue
to preserve the typical varietal phenolic profile. Neverthe-
less, one wine from Vranac (vintage 2015) was classified as
belonging to Cabernet Sauvignon (vintage 2015), possibly
due to a similar phenolic profile, or a possible mixture of
different wines.

2243
White wines Red wines
15 = =
201500000
420l 0@OEE
10 Kratosija

(%]
1

Chardonnay

Function 2 (33.2%)
h =

—
[
1

—
W

T T

-15 -10 -5 0 5 10 15 20
Function 1 (61.4%)

Fig.2 Linear discriminant analysis of the varietal Montenegrin red
(Vranac, KratoS$ija, and Cabernet Sauvignon) and white (Krsta¢ and
Chardonnay) wines from the 2015 and 2016 vintages, represented in
a plane composed of the two main discriminant functions. The func-
tions explain 94.6% of the total variance

Conclusion

The present study provides a contribution to the characteri-
zation of varietal Montenegrin red and white wines from
different vintages. It was concluded that red wines are much
richer in phenolic compounds compared to white wines. The
antioxidant activity obtained was strongly correlated with
the total phenol content of the wines.

Varietal and vintage effects were patent in the phenolic
profile obtained. It was possible to differentiate wines
according to variety and season; however, the wines were
mainly discriminated by the variety and not so much by the
vintage. Such results are probably related to the influence of
climatic conditions during the vintages studied.

Regarding specific varieties, we concluded that Cabernet
Sauvignon Montenegrin wines contained the highest con-
tents of TP, LMP, HMP, and highest antioxidant activity. The
same cultivar also reported the lowest content of stilbenes.
Vranac wines showed the highest content of anthocyanins
and stilbenes, whereas Krato$ija wines had the highest con-
tent of hydroxycinnamic acids. Among white wines, Krsta¢
reported higher total phenol content and total stilbenes, com-
pared with Chardonnay wines.

The results obtained demonstrate that Montenegrin wines
possess high levels of phenolic compounds and good anti-
oxidant properties, supporting the potential of the sub-region
to produce high-quality wines with important bioactive
molecules.
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This study contributes with information about the char-
acteristics of commercial red and white wines from Mon-
tenegro. Such information will be helpful for Montenegrin
national authorities to control wine authenticity, as well
as to develop a case of study to apply for PDO (Protected
Designation of Origin) and PGI (Protected Geographical
Indication) certifications, which is currently intended by
the wine sector in Montenegro.
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