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Abstract

In this paper, we present for the first time a complex, comprehensive multi-year investi-
gation focusing on some of the qualitative and quantitative components of wines from a
centuries-old traditional viticulture area in the Chalkidiki peninsula in the northeastern
part of Greece. The research was conducted at the Hilandar monastery vineyard and win-
ery. French premium clones of Merlot (181, 345, 346), Cabernet Franc (210, 214) and Caber-
net Sauvignon (15,169, 337) were used for the “Savino Polje” wine blend. A comparative
analysis of the anthocyanin complex was performed for wines made from the 2010 to 2016
harvests. Statistical analysis revealed a significant difference in the concentration values of
individual anthocyanin compounds in relation to the duration of wine ageing. Among the
identified and quantified anthocyanins, malvidin-3-O-glucoside (acetylated and coumary-
lated derivatives) were the most prevalent, especially in young wines (vintages 2015 and
2016). With the exception of vitisin A and peonidin-3-O-glucoside-coumaroyl, which
showed the highest concentration in the oldest wines with values increasing with age,
a decreasing trend was observed for all other anthocyanin compounds. The sum of the
identified anthocyanin compounds also showed a decreasing trend over time. The highest
relative total compound content of the malvidin group (64.65 & 0.42-81.30 £ 0.44%) and
the sum of non-acylated anthocyanins (48.84 £ 0.29-58.00 & 0.37%) were determined. The
presented results are of great importance, as this is the first time that results related to
wines from this region are being published. This research represents a valuable source of
information and contributes to the ongoing comparison of the qualitative parameters of
wines from this and other regions.

Keywords: Mount Athos; Hilandar; grapes; monastery wine; anthocyanin profile

1. Introduction

Mount Athos (Greek: Aytov Opog Abwg, Agion Oros Athos) is the third eastern “fin-
ger” of the Chalkidiki peninsula in northeastern Greece. It extends 50 km from north to
south through the Aegean Sea, with a width that varies between 5 and 12 km. In antiquity,
it was known as Akté; it was later renamed Athos after the imposing mountain (2033 m)
that rises above the sea at its southern tip. Monks began settling on the peninsula around
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the 8th century, and from the mid-9th century onwards, Athos flourished spiritually, be-
coming one of Byzantium’s “holy mountains” [1]. The Typikon (constitutional charter) of
Emperor John Tzimiskes, issued in 972, established the internal organisation and govern-
ing bodies of the monastic community on Athos, granting it formal autonomy from the
outside world, which has allowed it to endure to this day [2].

Due to the sacred significance of wine in the Christian tradition, grapevine cultiva-
tion and wine production have become integral to the monastic economy of rural ceno-
bitic monasteries, especially in the eastern Mediterranean and Levant [3], regions whose
geography and climate are conducive to grapevine cultivation, and to which Mount Athos
belongs. Wine was also an integral part of monastic meals [4,5] and was widely used in
the preparation of medicines for treating illnesses [6]. The monasteries also traded wine
in exchange for goods they were unable to produce themselves [7]. Accordingly, since the
9th century, grape varieties necessary for producing liturgical wine, as well as for other
monastic needs, have been cultivated on Mount Athos [8].

Among the 20 monasteries on Mount Athos today is the Serbian monastery of Hilan-
dar (GPS 40.346111° N, 24.11889° E), founded by the former great prefect Stefan Nemanja
(monk Simeon) and his youngest son (monk Sava) in 1198 on the site of the abandoned
monastery of Helandarion [9]. The monastery has maintained the tradition of viticulture
and winemaking since its founding. Over the centuries, it remained a carefully guarded
spiritual institution under the personal supervision of Serbian rulers, archbishops, and pa-
triarchs. After Serbia fell under Ottoman rule in the mid-15th century, it was supported by
Wallachian princes and Russian emperors. Following the restoration of modern Serbian
statehood in the early 19th century, Hilandar remains a unique centre of Serbian spiritual,
cultural, and historical traditions to this day.

Accounting for the centuries-old tradition of grape growing on the monastery estate,
dating from the 13th century to the present, and in line with the modern orientation of viti-
culture and wine production from an international assortment on the property of the Hi-
landar Monastery (at the “Savino Polje” site, Figure 1), a vineyard was planted in 2008 [8].

Figure 1. Panoramic view of the vineyards of the Hilandar monastery, “Savino Polje” site.

Given the centuries-old cultivation of vines in this area, the results presented in this pa-
per indicate that this region is suitable for producing high-quality wines. When establish-
ing the vineyard, the focus was on red wine varieties that display the best varietal character-
istics in this area. Climatic factors (explained in a later section) are favourable for grape and
wine production. Additionally, the most suitable rootstock was selected based on the agro-
chemical analysis of the soil (the results of which are presented in a subsequent section).

Considering that grape harvest and winemaking began in 2010, the research covered
the period up to 2016, analysing the agrochemical structure of the soil and climatic indica-
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tors; ampelological and uvometric properties of grapes and berries; sugar content and total
acids in the must during grape ripening from veraison to full maturity; and the chemical
properties of aged blended wines, specifically the modified “Bordeaux blend”.

This paper presents part of a study related to the anthocyanin content of blended
wines and their quantitative and qualitative characteristics. Many researchers have demon-
strated that anthocyanin compounds exhibit various biological activities, such as antioxi-
dant, anti-inflammatory, anticarcinogenic [10-12], antiviral and cardioprotective effects.
They also reduce the risk of diabetes [13] and prevent cognitive dysfunction [14-17].

Anthocyanins (Greek: anthos (&v8o¢) = flower and kianeos (kvovég) =blue) belong to
the group of flavonoids in polyphenols, which are responsible for the red and blue colour of
plant organs, such as leaves, flowers and berries [18]. The dominant anthocyanins in black
grape varieties are derivatives malvidin-3-O-glucoside and malvidin-3,5-O-diglucoside,
two anthocyanins that are important wine compound. Malvidin-3,5-O-diglucoside is char-
acteristic of some hybrid grape varieties and young wines from Eurasian cultivated vines
(Vitis vinifera L.) [19,20]. Red wine contains glycosides of five important anthocyanidins:
delphinidin-3-O-glucoside, cyanidin-3-O-glucoside, petunidin-3-O-glucoside, peonidin-3-
O-glucoside, and malvidin-3-O-glucoside, while pelargonidin-3-O-glucoside is absent or
present only in trace amounts [21]. Anthocyanin compounds are responsible for certain
organoleptic characteristics, such as colour, bitterness and astringency. As the colour of
wine is a common quality criterion, the analysis of these pigments has attracted consider-
able attention [22-24].

The anthocyanin compounds in red wine are directly related to geographical ori-
gin [25-27], soil quality, climatic conditions of grapevine cultivation [28-31], selected grape
varieties [32,33], cultivation technology and applied ampelotechnique [34-39], as well as
the method and conditions of vinification [40—43]. The anthocyanin content and composi-
tion are determined by the duration of the wine ageing process, i.e., the age of the wine in
different vessels (barrels, glass bottles, etc.).

Anthocyanins are a common component of the human diet and can be found in berries
and other red, blue or purple fruits, as well as in red grapes and red wine. For example,
the total anthocyanin content in young (one-year-old) red wine is 40-1269 mg/L, which
decreases by around 60% or more in four-year-old bottled wine [44]. An important source
of anthocyanins, which hold great significance as biological antioxidants, is the skin and
pith of berries, i.e., their seeds and skins, which are by-products of pressing the grapes and
may remain after fermentation is complete [45].

The quantitative and qualitative content of the anthocyanin complex of “Savino Polje”
wines of different vintages from a period of seven years (2010-2016) is reported here for
the first time for the professional public, related to the Mount Athos and the Hilandar
Monastery winery.

2. Materials and Methods
2.1. Experimental Site and Design

The vineyard is situated on the northeastern side of the Chalkidiki peninsula in the
Athos region (GPS 40.346111° N, 24.11889° E) and covers an area of 15 ha. It was planted
in 2008 with a row spacing of 2.5 m, with 1.0 m spacing between vines within each row.
The Guyot pruning system was used. This paper presents the results of a comparative
study analysing the anthocyanin components in wines from the 2010-2016 harvests. The
wine was produced at the Hilandar Monastery winery and sold under the brand name
“Savino Polje”. It is a blend of French superior clones of Cabernet Sauvignon (clones 15,
169, 337), Cabernet Franc (clones 210 and 214), and Merlot (clones 181, 346, and 347) se-
lected at ENTAV-INRA, France, and approved by experts from INRAE (formerly INRA),
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in collaboration with the French Institute of Viticulture and Wine (IFV). Clones are offi-
cially registered in the French catalogue by these institutes since the 1970s. The proportion
of grape varieties in the blend was consistent for each year: 50% Merlot, 25% Cabernet
Franc, and 25% Cabernet Sauvignon (a modified Bordeaux blend).

The selected varieties and clones were selected to produce wines with intense colour
and specific aromatic notes that would enhance the overall aroma. All varieties were
grafted onto R 110 rootstock (Vitis berlandieri cv. Resseguier no 2 x Vitis rupestris cv. Martin).

2.2. Climate Condition, Soil Sampling and Chemical Characterisation

The general characteristics of climatic conditions on the Holy Mountain (Athos) are
presented for the period 1980-2016, based on the data from the meteorological station for
the area of Thessaloniki, which is closest to Hhilandar Monastery. This makes it the best
possible option for identifying climatic conditions on Mount Athos. Data on temperature
(mean annual and monthly temperatures in °C), precipitation (mean monthly and annual
precipitation in mm (H), average number of days with rainfall (h 0.1 mm), potential evap-
oration (PE) and potential evapotranspiratrion (PET), monthly sums of potential evapo-
ration (E) and differences between rainfall and evaporation (H-E) in mm) and wind data
(mean monthly and annual average speed) are also provided. Selected parameters are cho-
sen to provide an overview of climate-relevant information, including heat and humidity
conditions. However, a more detailed climate-related analysis aligning with OIV recom-
mended bioclimatic for zoning purposes [46] is not provided, as this is outside the scope of
this paper. We will complement this analysis in future work, in which we will also evaluate
the impact of climate change and climate variability.

Soil samples were taken at three depths: 0-30 cm (surface mineral layer of the soil), 30—
60 cm (subsurface soil layer) and 60-90 cm (deep soil layer). The soil samples were dried,
crushed and sieved through <2 mm mesh before analysis. Agrochemical analyses were
used to determine the pH (in water and KCl), CaCOj3 (%), humus (%), total N, C/N ratio,
NH4 (mg/kg), NO; (mg/kg), NHs + NO3 (mg/kg), P2Os (mg/100 g) and K,O (mg/100 g) in
the soil samples.

The pH of the soil was determined at a solid/liquid ratio of 1:2.5 (w/v) (method ISO
10390:1994 —Determination of soil pH) using a pH metre (Iskra MA 5730, Ljubljana, Slove-
nia.). To measure the active acidity (pHpp0), 10 g of dry soil was weighed and 25 mL of
distilled water was added and stirred. The exchangeable acidity (pHgc]) was assessed in
a1 M KCl solution.

The total organic C content of the soil was determined by sulfochromic oxidation
(SRPS ISO 14235:2005). The total N content of the soil samples was calculated using the
semi-micro Kjeldahl method (SRPS ISO 11261:2005).

The available phosphorus (P;05) and potassium (K;O) in the soil were extracted by
the Egner-Riehm method using 2 M AL solution (mixture of 0.1 M ammonium lactate
and 0.4 M acetic acid). The P,Os concentration was determined by the molybdenum blue
method using a spectrophotometer (580 nm, Shimadzu UV-1900i, Shimadzu Corporation,
Kyoto, Japan) and the K,O concentration was determined by the Shimadzu AA-7000 flame
emission spectrophotometer using a calibration curve prepared after measuring a standard
of known concentration.

2.3. Vinification Process

The grapes were harvested at technological ripeness. The quality parameters of the
grape juice (must) are represented by the accumulated sugar content (%), the total acid-
ity expressed as tartaric acid (g/L), and the pH value. The sugar content was determined
with physico-chemical methods using the Oeschle hydrometer (Tlos, Zagreb, Croatia), and
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the values were calculated using the Dujardin—Salleron tables. The total acidity was deter-
mined by a titration method using 0.1 M NaOH [47]. After the grape was harvested, the
fermentation process was performed. This involved sulphurisation of the crushed grapes
with potassium metabisulphite-Winy 2.2 1b (Enartis, Trecate, Italy); the addition of a se-
lected pure culture of the Saccharomyces cerevisiae yeast strain (Lallemand Oenology (Bri-
quetiers, France)), which tolerates high sugar content; initiation of alcoholic fermentation;
pressing of the fermented grapes; sulphurisation of the new wine; settling of the new wine;
separation of the wine from the lees and first racking in mid-October; and second racking
in early December, followed by decanting into maturation tanks, clarification, filtration,
and bottling.

Controlled fermentation took place in vessels that had been emptied to 30% of their
total volume, at a controlled temperature of 15-18 °C at the start of fermentation, which
reached 23-26 °C during intensive fermentation. Fermentation lasted 10-25 days on aver-
age. After settling and clarifying, the wine was transferred to 225-litre wooden barrels to
mature. After ageing, until filtration and bottling, the wines were stored in inert stainless-
steel vessels with appropriate care and quality control.

2.4. Chemical Analysis of Wine

Chemical analysis of all wine samples were done in 2017. year using spectrophoto-
metric and HPLC-DAD methods.

All solvents used for chromatographic analysis were of HPLC-grade. Acetonitrile
(AcN) was purchased from Sigma-Aldrich (St Louis, MO, USA). Formic acid (HCOOH)
was obtained from Merck (Darmstadt, Hesse, Germany). Ultrapure water was produced
using a Milli-Q purification system (Merck). All samples were filtered prior to injection
using 0.45 pm membrane syringe filters.

Anthocyanin analysis was performed using an HPLC Agilent 1200 series with UV-VIS
DAD (Agilent Technologies, Inc., Santa Clara, California) for multi-wavelength detection.
Wine samples were separated on a Zorbax SB-Aq column (250 mm x 4.6 mm, 5 mm) in
accordance with the OIV-MA-BS-14 Compendium of International [47]. A Zorbax SB-Aq
column (Agilent Technologies) was selected due to its high stability under highly aqueous
mobile phase conditions and its suitability for the separation of polar anthocyanin gly-
cosides, providing improved retention and resolution compared to conventional reversed-
phase C18 [48]. The mobile phase, consisting of solvent A (H,O/HCOOH/CH;3CN, volume
ratio 87:10:3) and solvent B (H,O/HCOOH/CH3CN, volume ratio 40:10:50), was applied at
a flow rate of 0.8 mL/min according to the following gradient program: 6 to 30% B lin-
ear from 0 to 15 min, 30 to 50% B linear from 15 to 30 min, 50 to 60% B linear from 30
to 35 min, and 60 to 6% B linear from 35 to 41 min. The injection volume was 50 pL and
the column was thermostatted at 40 °C. The anthocyanins were measured at 520 nm for
identification purposes and their spectra and retention times were compared with those of
commercial standards. Quantification was performed using calibration curves of authen-
tic standards (malvidin, petunidin, pelargonidin, delphinidin and cyanidin; purity > 98%)
purchased from Extrasynthese (Genay, France). Quantification was carried out for agly-
cone equivalents. The anthocyanin compounds were identified based on LC-MS analy-
sis performed according to the methodology previously described for wine samples by
Zivkovié et al. [49]. All measurements were performed in triplicate (n = 3), and the results
are expressed as mean =+ standard deviation.

The applied HPLC method was found to be linear within five different concentrations
for each of the compounds. The correlation coefficients (R?) were close to 1 (R? >0.998), in-
dicating a good linear correlation. The limit of detection (LOD) and limit of quantification
(LOQ) for the four analysed compounds are presented in Table 1. The values of relative
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standard deviation (%) were within the 2% limit, indicating that the current method is

repeatable.

Table 1. Limit of detection (LOD) and limit of quantification (LOQ) for the analysed compounds.

Compound LOD (ug/mL) LOQ (ug/mL) Linear Range (ug/mL) R?
Malvidin 10 50 25-800 0.9995

Delphinidin 25 100 25-800 0.9998
Peonidin 10 25 25-800 0.9999
Petunidin 15 65 15-600 0.9998
Cyanidin 12.5 45 15-600 0.9996

Based on the results obtained, the sums of the individual anthocyanin groups and the
anthocyanin coefficients were calculated as described in previous studies [50-52]:

Y. Df = (Delphinidin — 3 — O — glucoside + Delphinidin —3 — O — (6/ — p

—coumaroyl) —glucoside)

Y Cy = (Cyanidin — 3 — O — glucoside + Cyanidin — 3 — O — (6’ — acetyl)

—glucoside)

Y. Pt = (Petunidin — 3 — O — glucoside + Petunidin — 3 — O — (6' — acetyl)

—glucoside)

Y_Pn = (Peonidin — 3 — O — glucoside 4 Peonidin — 3 — O

—(6' — p — coumaroyl) —glucoside)

v = (Malvidin — 3 — O — glucoside + Malvidin —3 — O
—(6/ — p — coumaroyl) — glucoside + Malvidin — 3 — O
— (6’ — acetyl) — glucoside + Malvidin — 3 — O
—(6/ — p — coumaroyl) —glucoside — 5 — O — glucoside)

Y_Non — acylated anthocyanins

= (Cyanidin — 3 — O — glucoside + Delphinidin — 3 — O
—glucoside + Petunidin — 3 — O — glucoside + Peonidin
—3 — O — glucoside + Malvidin — 3 — O — glucoside

+vitisin A)

Y Acylated anthocyanins = ) Acetyl derivatives
= (Malvidin — 3 — O — (6/ — acetyl) — glucoside
+Petunidin — 3 — O — (6 — acetyl) —glucoside)

Y Coumarylated anthocyanins = ) Coumaroyl derivatives

= (Delphinidin — 3 — O — (6' — p — coumaroyl) — glucoside
+Malvidin — 3 — O — (6/ — p — coumaroyl) — glucoside — 5
—O — glucoside + Peonidin — 3 — O — (6/ — p — coumaroyl)
—glucoside + Malvidin — 3 — O — (6/ — p — coumaroyl)

—glucoside)

)

@)

@)

4)

©)

(6)

@)

®)

Y Mv/) Pn—coefficient indicating the activity of flavonoid hydroxylase, the enzyme
responsible for hydroxylation and, simultaneously, that of ortho-dihydroxy-transferase,
the enzyme responsible for methylation of the ortho-dihydroxy groups in the anthocyanin
molecule. When the activity of ortho-dihydroxy-transferase is high, malvidin components
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form in large quantities, as unacylated glucosides, acetylated and coumarylated deriva-
tives of these glucosides.

Y Coumar./y_Acetate—coefficient directly indicating the activity of the coumaroyl-
transferase enzyme. It is not significant if its value is less than 3.

Y Mv + Y Pt + Yy Df + } Pn—coefficient directly indicating the enzymatic activity of
flavonoid-3-O-hydroxylase. When the enzyme is more active, trisubstituted derivatives
form in larger amounts; otherwise, the amount of disubstituted anthocyanins increases.
Y_Df/y Pn and ) _Pt/} Pn—coefficients whose values indicated the enzymatic activity of the
hydroxylases and methyltransferases. If both enzymes are highly active, increased accu-
mulation of delphinidin (Df) and petunidin (Pt) is expected.

2.5. Statistical Analysis

Statistical analysis was performed using one-way analysis of variance (ANOVA) fol-
lowed by Duncan’s multiple range test to evaluate differences in the concentrations of in-
dividual anthocyanins and anthocyanin groups among the analysed wine samples. The
results are presented as the mean =+ standard deviation (SD) of replicate measurements.
Statistical analyses were performed using StatSoft (Tulsa, OK, USA). Differences were con-
sidered statistically significant at p < 0.05.

3. Results and Discussion

Hilandar Monastery is situated in a region with a moderate continental variant of
the Mediterranean climate. The climate in this area is typical of the coastal region of the
Aegean Sea. The highest amount of rainfall occurs in winter, while the summers are dry.

The average annual air temperature is 15.6 °C (Table 2) and the annual temperature
range is 21.5 °C. Warm conditions in spring are more favourable than in autumn, which
is characteristic of the maritime coastal climate. January is the coldest month, and July is
the warmest, followed by August, when the average temperatures are above 20 °C. This
is crucial for the production of high-quality grapes. The average temperature during the
vegetation period (April-October) is 21.2 °C and the average duration of the vegetation
period is 247 days.

Table 2. The average and absolute monthly and annual temperatures of the air (°C, 1980-2016).

Month Ayerage Normal Av?rage Maximum Av?rage Minimum Abs.olute Maximum Abs.olute Minimum
Air Temperature Air Temperature Air Temperature Air Temperature Air Temperature
I 5.0 9.1 1.2 208 —14.0
II 6.7 11.1 2.3 22.0 —12.8
III 9.6 14.2 44 25.8 —7.2
v 14.2 19.2 7.3 31.2 -1.2
\% 19.5 24.5 11.8 36.0 3.0
VI 24.2 29.1 16.0 39.8 6.8
VII 26.5 31.4 18.4 42.0 9.6
VIII 25.8 30.9 18.1 38.2 8.2
IX 21.8 27.3 14.9 36.2 2.6
X 16.1 21.2 10.6 30.0 —-1.4
IX 10.9 154 6.6 26.6 —6.2
XII 6.7 10.9 2.7 20.6 -9.2
Annual 15.6 20.4 9.5 42.0 —14.0
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The area of the Hilandar Monastery has a rainfall regime with maritime characteris-
tics, i.e., a Mediterranean rainfall regime, which is characterised by the high frequency and
amount of rainfall during the winter and especially in late autumn. A secondary maximum
rainfall occurs in March or April. The summer is dry, with the lowest rainfall recorded in
July and August, which are the hottest months.

The average annual rainfall is 460 mm, most of which (51%) falls in the winter period,
with 234 mm falling from November to March. In the vegetation period, from April to
October, 226 mm falls, i.e., 49% of the annual total. The highest amount of rainfall falls
in November, while the secondary maximum is in May. The driest winter months are
January and February, and during the vegetation period in July, August and September,
when there are frequent dry periods in summer, the relative annual variation in rainfall
amounts to 8% of the annual rainfall total. On average, there are 62 days with rainfall
(Table 3).

Table 3. Average monthly and annual quantities of rainfall in mm (H), average number of days
with rainfall (h 0.1 mm), potential evaporation (PE), potential evapotranspiratrion (PET), monthly
sums of potential evaporation (E), and differences between rainfall and evaporation (H-E) for the
period 1980-2016.

Month H ho.1 PE PET E H-E
I 37 6 39 - 39 -2
II 40 6 47 - 47 -7
I 46 7 55 - 55 -9
v 36 5 86 61 61 —25
\Y% 44 6 128 109 109 —65
VI 32 4 192 163 163 —131
VII 26 3 224 191 191 —165
VIII 21 3 204 174 174 —153
IX 26 3 150 127 127 —101
X 41 5 91 68 68 —27
XI 58 7 53 - 53 5
XII 53 7 40 - 40 13
Annual 460 62 1309 893 1127 —667

The colder period of the year is influenced by the Mediterranean depression. The
average speed of the “Vardarac” wind, which is typical for this area, is around 6 m/s in
winter. According to the data presented in Table 4, windspeeds remained fairly consistent
within the winter months. The greatest windspeeds were recorded in June and July.

Table 4. Average monthly and average annual windspeed (m/s), 1980-2016.

I II III IV \% VI VII VIII IX X XI XII'  Annual
1.5 1.6 1.5 1.4 1.3 1.6 1.8 1.5 1.5 1.3 1.3 1.5 1.5

The soil has good agrochemical characteristics (Tables 5 and 6). Since the parcel is
located in the Mediterranean wine region, most of the area is alluvial, meaning that its soil
formation is associated with the accumulation of solid materials (skeleton and sand), their
washing away from the neighbouring heights, and their pedochemical transformation into
dispersed particles (e.g., dust and clay). Unlike in other regions of the Athos Peninsula,
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where vineyards have already been planted, this is not carbonised soil, but material de-
rived from acidic rock, which was also washed out after being applied to the designated
area. This influenced the acidity of this soil, with a pH of around 6 in water, which may
be even lower in potassium chloride (pH in KCl of 4.80 to 5.5). The organic matter content
ranges from 1.40 to 3.21% in the surface layer (0-30 cm) to 0.52-0.70% in the deepest layer
(60-90 cm). At the periphery, the humus content is significantly lower (maximum 1.5%).
The mineralization capacity of these soils, in which all organic nitrogen is converted into
its accessible forms, is very low, as the total nitrogen content is about 0.1%. According to
meteorological and pedological data collected at the experimental location, these were the
optimal conditions for the production of high-quality grapes.

Table 5. Agrochemical characteristics of the central tables in the vineyard.

Depth pH pH CaCO; Humus Total N C/N NH, NO3 NH; + NO3 kg N/ha P,0s5 K;O
(cm) y H,O yKCl1 (%) (%) (%) (mg/kg) (mg/kg) (mg/kg) (kg/ha) (mg/100 g) (mg/100 g)
0-30 6.01 4.97 - 2.29 0.115 11.6:1 6.70 6.03 12.73 57.28 7.4 15.0
30-60 5.86 4.89 - 2.01 0.100 11.7:1 7.37 7.37 14.74 66.33 2.5 12.2
60-90 6.09 5.15 - 2.00 0.100 11.6:1 6.03 10.72 16.75 75.37 2.2 12.4

198.98

Table 6. Agrochemical characteristics of the peripheral tables in the vineyard.

Depth pH pH CaCO; Humus Total N C/N NH4 NO; NHy + NO; kg N/ha P,0s5 K,O
(cm) y H,O y KCl1 (%) (%) (%) (mg/kg)  (mg/kg) (mg/kg) (kg/ha) (mg/100 g) (mg/100 g)
0-30 7.86 6.94 17.84 2.18 0.108 11.7:1 49 0.7 5.6 25 7.6 9.8

30-60 7.89 7.04 15.77 2.00 0.100 11.6:1 3.5 9.8 13.3 60 3.8 8.4
60-90 7.95 7.10 14.94 1.72 0.086 11.6:1 1.2 0.5 1.7 7.6 3.1 6.0

92.6

Thanks to the location of the vineyard, as well as the orographic, soil, agrochemical
and climatic characteristics and the agro- and ampelotechnical methods used, a grape yield
was achieved that matched the planned cultivation, averaging between 9 and 12 tonnes
(depending on the variety).

The quality indicators of Hilandar grapes and wine are reflected in the sugar content
and the total acidity expressed as tartaric acid in the grape juice (must), the alcohol content
in the wine, the specific gravity of the wine, the presence of certain minerals, the aromatic
properties, etc. For the blend used to produce “Savino Polje” wine, superior clones of
the Merlot variety were selected —181, 345, and 346. These were distinguished primarily
by the sugar content in the grape juice (must), which ranged from 23.8 to 31.6% during
the ripening period, and by the total acidity expressed as tartaric acid, which in certain
years ranged from 6.1 to 9.2 g/L. For the Cabernet Franc variety, clones 210 and 214 were
used; they complemented each other in terms of yield and quality (sugar content in the
grape juice/must of 22.8 to 27.4% and the total acidity expressed as tartaric acid of 5.8 to
8.7 g/L). For Cabernet Sauvignon, clones 15, 169 and 337 were used, with the percentage
of accumulated sugar varying from 23.6 to 28.2%, while the total acidity was expressed as
tartaric acid from 5.5 to 7.8 g/L. This ratio of sugar to acids in the listed varieties and clones
results in wines with an alcohol content of 13.5 to 15.5 vol.%, characterised by a number of
varietal features complemented by minerality, specific aromatic notes, and other indicators
typical of premium wines.

Regarding the anthocyanin complex, qualitative and quantitative differences in the an-
thocyanin profiles of “Savino Polje” wine from the 2010 to 2016 vintages were determined,
and their HPLC chromatograms are shown in Figure 2. The following anthocyanins were
identified in the “Savino Polje” wines from the 2010 to 2016 vintages:
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(a) 3-glucosides of delphinidin (DfG) (1), cyanidin (CyG) (2), petunidin (PtG) (3), peoni-
din (PnG) (5) and malvidin (MvG) (6).

(b) 3-(6-acetyl)-glucosides of delphinidin (DfAc) (7), petunidin (PtAc) (8), peonidin
(PnAc) (9) and malvidin (MvAc) (10), peonidin-3-O-glucoside-coumaroyl (PnCm)
(11) and malvidin-3-O-glucoside-coumaroyl (MvCm) (12).

5
Savino Polje 2016

10

1 3 4 7 12
l S 3 WL W N T
5 10 15

20 25 30 a5 40

Figure 2. HPLC-UV chromatogram of the anthocyanin complex of the wine “Savino Polje” vin-
tage 2016 recorded at 520 nm, 2010-2016. Peak identification: (1) Df-3-O-Glc, (2) Pn-3,5-O-diGlc,
(3) Mv-3,5-O-diGle¢, (4) Pt-3-O-Glc, (5) Pn-3-O-Glc, (6) Mv-3-O-Glc, (7) Vitisin A, (8) Df-3-O-(6-p-
coumaroyl)-Glc, (9) Mv-3-O-(6-p-coumaroyl)-5-O-diGlc, (10) Mv-3-O-(6-O-acetyl)-Glc, (11) Pn-3-O-
(6-O-p-coumaroyl)-Glc, and (12) Mv-coumaroyl-3-O-Glc.

In young wines, free anthocyanins are the main source of the red colouration. How-
ever, these compounds are highly unstable and change over time through the process of
copigmentation. These structural changes lead to a colour shift from purple-red, char-
acteristic of young wines, to red-orange, which is typical of aged wines [53-55]. The
dominant anthocyanins in red varieties are malvidin derivatives. Malvidin-3-O-glucoside
and malvidin-3,5-O-diglucoside are anthocyanins that also occur in wines. Malvidin-3,
5-O-diglucoside is a distinctive feature of some hybrid grape varieties and young wines
from Eurasian vines (Vitis vinifera L.). Red wine also contains glycosides of five main
types of anthocyanidins: delphinidin-3-O-glucoside, cyanidin-3-O-glucoside, petunidin-
3-O-glucoside, peonidin-3-O-glucoside and malvidin-3-O-glucoside, while pelargonidin-
3-O-glucoside is either entirely absent or present only in trace amounts [56].

The monomeric anthocyanins in red wines are usually the 3-O-monoglucosides of the
six free anthocyanidins: pelargonidin, cyanidin, delphinidin, peonidin, petunidin and mal-
vidin (56). In some American wines, anthocyanin diglucosides with glucose at positions
3 and 5 have also been found [57]. Since anthocyanins differ in the number and position
of the hydroxyl and methoxy groups in the B-ring of the anthocyanin molecule, a change
in the substitution in this ring can drastically affect the colour of the wine. For example,
anthocyanins with more hydroxyl groups in the B-ring increase the intensity of the blue
colour, while anthocyanins with methoxy groups increase the intensity of the red hue of
the wine. Among the monomeric anthocyanins, malvidin-3-O-glucoside and its deriva-
tives are usually the most abundant and are responsible for the red colouration of young
wines [57-59].

Anthocyanin compounds may also be responsible for certain organoleptic characteris-
tics of wine, such as colour, bitterness and astringency. As the colour of wine is a common
quality criterion, the analysis of these pigments has received considerable attention. The
glucosidic forms of anthocyanins can be esterified with acetic acid or phenolic acids (such
as coumaric and caffeic acid) at the C6’ position of glucose. Glycosylation increases antho-
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cyanins’ stability and solubility in water, while acylation of sugar residues with aromatic
and aliphatic acids results in further improvements in their stability [59,60].

During and after fermentation, anthocyanins undergo acid-catalysed and/or oxida-
tion reactions with various compounds in red wine to form modified pigments. The newly
formed compounds are much more stable than the primary forms of anthocyanins [55].
Direct reactions between free anthocyanins and certain fermentation products, such as ac-
etaldehyde, tartaric acid and vinylphenols, can form stabilised pyranoanthocyanin pig-
ments, such as vitisin A.

During the synthesis of vitisin A, pyruvic acid in its enol form can react with malvidin-
3-O-glucoside under acidic conditions, such as those found in red wines, to form an addi-
tional pyran ring. This cycloaddition step is followed by further dehydration and rearo-
matisation to obtain the malvidin-3-O-glucoside pyruvic sugar adduct, vitisin A. Vitisins
A are typically formed from the beginning to the middle of alcoholic fermentation process,
when the pyruvic sugar concentration is high. The concentration slowly decreases as a
result of malolactic fermentation and wine ageing. Several factors influence its formation,
which is maximised at low pH, high pyruvic acid concentration and low temperature [61].

Among the quantified anthocyanin compounds, malvidin and its derivatives are
the dominant anthocyanin components in wine. In all Hilandar wines, malvidin-3-O-
glucoside (1) and its acetylated (2) and coumarylated (3) derivatives predominate in the an-
thocyanin complex. Hilandar wines are characterised by their high quantities of these mal-
vidin components, both in blends and in varietal wines, which range from over 100 mg/L
in the “Savino Polje” wine, vintage 2010, to almost 800 mg/L in the Cabernet Franc, vin-
tage 2016.

The identified and quantified anthocyanin compounds in “Savino Polje” wine from
the 2010-2016 harvests are listed in Table 7. In 2010, the content of individual compounds
varied, with relative values ranging from 0.3% for peonidin-3-O-acetyl-glucoside to 25.05%
for vitisin A (0.03 £ 0.09 mg/100 mL peonidin-3-O-acetyl-glucoside to 2.54 & 0.34 mg/
100 mL vitisin A). In 2011, the values for individual compounds ranged from 0.74% for
petunidin-3-O-acetyl-glucoside to 22.63% for vitisin A (0.08 + 0.25 mg/100 mL petunidin-
3-O-acetyl-glucoside to 2.44 £ 0.35 mg/100 mL vitisin A). In the wines from the 2012
harvest, the lowest amount of anthocyanins was found in petunidin-3-O-acetyl-glucoside
(0.97%) and the highest was found in malvidin-3-O-glucoside (28.96%), corresponding
to values of 0.12 £ 0.21 to 3.48 £ 0.03 mg/100 mL. Similar values were reported in the
2013 harvest, with petunidin-3-O-acetyl-glucoside at 0.78% (0.09 & 0.19 mg/ 100 mL) and
the highest content in malvidin-3-O-glucoside at 23.3% (2.67 £ 0.01 mg/100 mL). In the
2014 harvest, the lowest content was that of vitisin A at 1.27% (0.19 £ 0.19 mg/100 mL),
while the highest was the malvidin-3-O-glucoside content at 41.71% (6.23 £ 0.02 mg/
100 mL). The 2015 wines contained the lowest quantity of cyanidin-3-O-glucoside at 0.44%
(0.09 £ 0.02 mg/100 mL) and the highest amount of malvidin-3-O-glucoside at 43.86%
(8.90 £ 0.15 mg/100 mL). In the final year analysed (2016), the measured values did not
correlate with those of previous years. Table 7 shows the lowest content of cyanidin-
3-O-glucoside (0.39%, 0.15 £ 0.01 mg/100 mL) and the highest content of malvidin-3-O-
glucoside (47.82%, 20.55 £ 0.09 mg/100 mL).
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Table 7. Content of anthocyanin compounds in Hilandar wine “Savino Polje,” vintage 2010-2016 (mg/100 mL).
Anthocyanin Compounds Content 2010 2011 2012 2013 2014 2015 2016 x+Sd

Delphinidin-3-O-ghucoside Content (mg/100mI)  0.314+0.112  033+£0.132 033+£012% 035+0.12% 044+0.18P 0384+0.172 056+ 0.26°¢ 0.38 &+ 0.09
Relative content (%) 3.06 3.06 2.67 3.05 2.94 1.87 1.30 2.56

Cyanidin-3-O-glucoside Content (mg/100 mL) ~ 0.33 £0.03®  0.094+0.02% 00840012 009+0.02% 031+001> 009+0022 015+0.01°¢ 0.16 £ 0.11
Relative content (%) 3.25 0.83 0.65 1.66 2.08 0.44 0.43 1.33

Petunidin-3-O-glucoside Content (mg/100 mL) 028 £0.10®>  0.114+0.092 01540122 017+£0.112®> 046 +0.16¢ 0.68 +0.224 1.62 £0.21°¢ 0.50 &+ 0.54
Relative content (%) 2.76 1.02 1.21 1.48 3.08 3.35 3.77 2.38

Peonidin-3-O-glucoside Content (mg/100 mL)  0.35+0.11%  0.71 +0.12° 110 £0.10¢  0.79+£0.09P>  1.09+0.09¢ 0844011 1.45+0.154 0.91 +£0.35
Relative content (%) 3.45 6.59 8.90 6.89 7.29 413 3.37 5.80

Malvidin-3-O-glucoside Content (mg/100 mL) ~ 1.88 £0.022  1.97 +£0.052®  3484+0.03¢ 267 +0.01° 623+0029 890+0.15¢ 2055+0.09f 6.53 &+ 6.69
Relative content (%) 18.54 18.27 28.96 23.30 41.71 43.86 47.82 31.78

Vitisin A Content (mg/100 mL) 254 + 0349 24440359 13840.23°¢ 144 +021°¢ 01940192 033+0.16° 039+0.12P 1.24 £+ 0.99
Relative content (%) 25.05 22.63 11.16 12.56 1.27 1.62 0.90 10.74

Delphinidin-3-O-acetyl- Content (mg/100 mL) 031 £0.212 02940192 03140152 038+0.15% 049 40.14° 1454+0.14°¢ 3.08+0.194 0.91 + 1.04
glucoside Relative content (%) 3.06 2.69 2.51 3.32 3.28 7.14 7.16 4.16

Petunidin-3-O-acetyl-glucoside Content (mg/100 mL) ~ 0.09 +£0.202  0.08+025% 01240212 009+0.192 0214018 021+£021P 033+£025¢ 0.16 &+ 0.09
Relative content (%) 0.89 0.74 0.97 0.78 1.34 1.03 0.76 0.93

Peonidin.3-0-acetyl-glucoside Content (mg/100mL) ~ 0.03+0.097  1.35+004% 1.39+001P 1.39+002°> 1.39+£004%> 035+£0.02°¢ 058+£007¢  0.93+059
Relative content (%) 0.30 12.52 11.25 12.39 9.30 1.72 1.34 6.97

Malvidin-3-O-acetyl-glucoside Content (mg/100 mL) ~ 1.38 £0.032 137 +0.02%  1.794+0.02° 1.93 £0.03 ¢ 198 £0.01¢ 433+£0034 9.79+0.03¢ 3.22 +3.07
Relative content (%) 13.61 12.71 14.48 16.84 13.25 21.34 22.78 16.43

Peonidin-3-O-glucoside- Content (mg/100 mL)  1.28 £0.08¢  0.68+0.089 0714+0.05° 0.69+006° 071+005° 028+0.04P 017+0022 0.65 + 0.36
coumaroyl Relative content (%) 12.62 6.31 5.47 6.02 4.75 1.37 0.39 5.27

Malvidin-3-O-glucoside- Content (mg/100 mL)  1.36 £0.02% 136 +£0.03%  1.42+0.02? 1.36 +£0.03 2 145+0.032 2944004 430+030° 2.03 £1.16
coumaroyl Relative content (%) 13.41 12.61 11.49 11.95 9.71 14.49 10.0 11.95

Sum Content (mg/100 mL) 10.14 10.78 12.26 11.35 14.95 20.39 42.97 -

Different exponent letters in the same row indicate statistically significantly different values for anthocyanin compounds in wine between years (p < 0.05).

https://doi.org/10.3390/beverages12080090


https://doi.org/10.3390/beverages12080090

Beverages 2026, 12, 90

13 0of 19

Statistical analysis of the data shows the high significance of the varying amounts
of anthocyanin compounds in wines from different vintages. The data confirm findings
from previous studies, which suggested that the content of individual compounds in-
creases or decreases depending on the duration of wine ageing [62-64]. With the excep-
tion of vitisin A (highest concentrations in the 2010 and 2011 vintages) and peonidin-3-
O-glucoside-coumaroyl (2010 vintage), for which increasing values were observed as the
wine aged, all other compounds showed a decreasing trend in line with the ageing process.
In younger wines (vintages 2012-2016), malvidin-3-O-glucoside dominates, with a concen-
tration of 20.55 & 0.09 mg/100 mL in the youngest wine and only 1.88 £ 0.02 mg/100 mL
in the oldest wine (Table 7). These results are consistent with previously published find-
ings [61,62,65,66].

The sums of the identified anthocyanin compounds decrease from the youngest to
the oldest (aged) wines. In 2016, the total content of anthocyanin compounds amounted
to 42.97 mg/100 mL, whereas it was only 10.15 mg/100 mL in 2010. The change in the
sum of quantitative anthocyanin compounds observed over the time interval shows an
exponential decline.

Examining the sums of the different anthocyanin groups in “Savino Polje” wine, ex-
pressed as percentages (Table 8), different values are observed, with the malvidin group
showing the highest relative total compound content (64.65 £ 0.42-81.30 & 0.44%) and the
sum of non-acylated anthocyanins ranging from 48.84 £ 0.29 to 58.00 %= 0.37%. In all wines,
non-esterified anthocyanins are more abundant than esterified anthocyanins.

Table 8. Profile of the sum of different groups of anthocyanins in “Savino Polje” wine, vintage 2010-
2016 (%).

Sum Profiles 2010 2011 2012 2013 2014 2015 2016 x+Sd
Y Df 6.12 £0.22% 575+0.23° 518+£0.20° 6.37 £0.29% 6.00+0.187 9.01+0.294 8.46+0.32°¢ 6.70 +1.45
Y Cy 3.25+0.08¢ 0.83 £0.09? 0.65+£0.10° 1.66 4 0.12° 2.08+0.24° 0.44£0.312 0.34+£0.21° 1.32+1.07
) Pt 3.65+0.11° 1.76 £0.124 218+0.18¢ 226+0.15°¢ 4424+0.19° 438+0.21° 453+£0.15° 331+1.21
Y Pn 16.07 +0.32¢ 25.42+0.29¢ 25.62+£0.23¢ 12.91+0.27° 21.34 +0.284 7.22+£0.24° 510+£0.142 16.24 +8.32
Y Mv 70.61 £0.27°¢ 66.22+0.22 66.09 +0.59 2 64.65+0.42° 65.924+0.49? 81.30 +0.44 4 80.60 +0.30 4 70.77 £7.20

Y_non-acylated 56.11 £ 0.08¢

52.4+0.40° 56.22 4+ 0.25°¢ 48.844+0.292 58.00 4 0.37 4 55.27 4 0.29 b¢ 57.16 +0.28 «d 54.86 +3.19

Y acylated 17.86 +0.06*

28.66 +0.27° 29.214+0.29° 33.33+0.30¢ 27.00 & 0.45° 31.23+042°¢ 32.04 +0.39 < 28.48 +5.15

Y _coumarylated 26.03+£0.51f

18.92 £ 0.056 ¢ 16.96 + 0.56 4 17.97 £ 0.22% 14.00 £0.20° 15.85 +£0.21 ¢ 10.39 £0.19° 17.16 £4.83

Different exponent letters in the same row indicate statistically significantly different profile values between years
(p <0.05).

Regarding the anthocyanin coefficients found in the “Savino Polje” wines, the lowest
average value was recorded for the coefficient ) Pt/ Pn (0.53 £ 0.59), while the coefficient
Y Mv/Y Pn (6.38 £ 5.14) had the highest average value. These values (Table 9) indicate
that flavonoid hydroxylase and ortho-dihydroxy-transferase, which are responsible for the
formation of malvidin anthocyanins, were highly active in these wines.

Table 9. Anthocyanin coefficients detected in “Savino Polje” wine, vintage 2010-2016.

Anthocyanin

Coefficients 2010 2011 2012 2013 2014 2015 2016 *+Sd
Y Mv/Y Pn 439+0.21° 2.50 +0.21°2 258 +0.28° 5.01 4+ 0.32° 3.09 +0.34° 11.26 +0.39 ¢ 15.80 +0.454 6.38 +5.14
Y Coumar./y_Acetat 1.46+0.11¢ 0.63+0.22°¢ 0.58 +0.48 ¢ 0.54 +0.08° 0.5140.05° 0.50+0.31° 0.32+0.012 0.65+ 0.37
YMv+YPt+YDf/yPn 4164031 2.804+0.29° 2.80 +0.47° 5.03 +0.33¢ 3.27+£057° 1295+ 0499  1720+0.041¢  6.89+5.78
Y Df/y"Pn 0.38 +£0.29P 0.224+0.282 0.204+0.31° 0.49 +0.47° 0.28 +0.292 1.24 £0.28¢ 1.65+0.39¢ 0.64 4 0.57
YPt/yPn 1.68 40244 0.06 +0.19° 0.09 +0.182 0.17 +0.20°® 0.21+0.19° 0.60+0.10°¢ 0.88+0.22°¢ 0.53 £ 0.59

Different exponent letters in the same row indicate statistically significant differences in anthocyanin coefficients
between years (p <0.05).
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The pathways of anthocyanin biosynthesis have been discussed by several authors [67-69].
Cyanidin-3-O-glucoside is considered to be the primary terminal compound and the precur-
sor of delphinidin-3-O-glucoside and peonidin-3-O-glucoside, which are synthesised by the ac-
tion of 3'-hydroxylase and 3'-O-methyltransferase, respectively [70]. Petunidin-3-O-glucoside
is formed via the transformation of delphinidin-3-O-glucoside through methyltransferase ac-
tivity and is a precursor of malvidin-3-O-glucoside, which is synthesised by the same en-
zyme. However, malvidin-3-O-glucoside can also be obtained directly from delphinidin-3-O-
glucoside through the action of methyltransferases [70,71].

Furthermore, malvidin-3-O-(6-coumaroyl)-glucoside is a precursor of p-coumaric
acid and is present in wine at a concentration of 1-5 mg/L [70]. The presence and activ-
ity of the enzymes involved in these reactions are closely related to the genetic structure
of the grape variety [71,72].

When comparing the anthocyanin composition of the Hilandar wine “Savino Polje”
with selected wines from other producers of similar blends from Uruguay, Chile, Argentina,
France and North Macedonia [73,74], the total anthocyanin content in “Savino Polje” was
1.57-2.78 times higher than that in the commercial wines tested. The content of mal-
vidin derivatives —malvidin-3-O-glucoside, malvidin-3-O-acetylglucoside and malvidin-O-
(6’-paracoumaroyl)-glucoside—was also 1.74-4.42, 2.34-4.78 and 1.84-2.69 times higher, re-
spectively, than in commercial wines.

The values of the anthocyanin coefficients } Mv/) Pnand ) Mv +) Pt+) Df/) Pn were
also several times higher (2.44-5.73 and 2.55-4.90) in the Hilandar wine “Savino Polje” com-
pared to the values in the commercial wines. This indicates that the enzyme flavonoid 3-O-
hydroxylase, which catalyses the formation of the three substituted components (malvidin,
petunidin and delphinidin), was more active during the production of “Savino Polje” wine
than that of other commercial wines.

4. Limitation

Our research on the anthocyanin profile in premium red wines from the Hilandar
Monastery (Month Athos, Greece) has several limitations. The study was conducted within
the Hilandar Monastery Vineyard on Mount Athos, Greece. Although monastery wines are
highly valued in the market, data on such wines are rarely published. This is the first pub-
lished work containing results from this region and monastery, which has been renowned
for centuries for its wine production, with wines that stand out or rival those of much
more famous regions. The lack of data from this part of Europe posed a challenge for the
authors when they attempted to compare their results with wines from similar production
areas. During the study period, the distance between the vineyard and the home institu-
tions of the authors was also an aggravating factor. The topic may also be of significant
importance to wine connoisseurs, as it concerns monastery wine production, which has
a long tradition but very limited available data. The scarcity of information can likely be
attributed to the fact that the monastery administration rarely consents to the publication
of such results.

The vineyard site is particularly interesting and atypical in terms of climate and soil
characteristics, as it is located by the sea (Figure 1). Climatic and soil data are presented
in the paper for comparison. The climate over the multi-year period of the experiment
(2010-2016) was marked by certain variations that could affect grape quality. The authors
sought to mitigate this limitation by harvesting at the optimal time and applying appro-
priate oenological procedures.

The experiment used superior clones of Merlot, Cabernet Franc, and Cabernet Sauvi-
gnon for the blend, which were combined each year in the same, precisely determined
proportions that were selected to best express the wine’s oenological potential.
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Highly sensitive methods were used, which, despite some deviations, could have a
minimal effect on the results obtained.

The anthocyanin profile of the tested monastery wine is influenced by fermentation
processes, oenological procedures during storage and ageing, and storage conditions re-
lated to vessels and rooms. To address this, over a period of several years, the wine was
aged in vessels made from the same oak wood, of the same volume, and under consistent
temperature and humidity conditions in the cellar. This approach aimed to minimise the
influence of external factors on wine quality. For the methods described above, the sam-
ples were transported under conditions that did not affect the quality of the wine, which
was another limitation.

The study focused on one group of compounds, which was the author’s choice, as
monastery wine from this region is typically analysed in this way. Further research will
include other groups of compounds.

5. Conclusions

Multi-year research conducted at the vineyard and winery of the Hilandar Monastery
(Mount Athos, Greece) demonstrated that the climatic and soil conditions are favourable
for cultivating international grape varieties and clones, enabling the production of high-
quality red wines. The presented results pertaining to red wine quality provide a valu-
able basis for future research aimed at understanding how climate variability influences
wine characteristics. Further work should include a more detailed analysis based on OIV-
recommended bioclimatic indices, both for the classification of this region within viticul-
tural zoning frameworks and for assessing how resilient the high-quality wine production
in this area is to climate extremes.

The Hilandar wine “Savino Polje” analysed over the seven-year experimental period
(2010-2016) was characterised by high anthocyanin content, with the highest concentra-
tion of malvidin-3-O-glucoside (20.55 £ 0.09 mg/100 mL in 2016) as the terminal com-
pound in anthocyanin biosynthesis. In addition to malvidin-3-O-glucoside, significant
concentrations of peonidin-3-O-glucoside (1.45 £ 0.15 mg/100 mL in 2016) and vitisin A
(2.54 £+ 0.34 mg/100 mL in 2010) were also present. The presence and concentration of
these compounds are known to affect the development of specific organoleptic character-
istics of the wine, such as its colour, bitterness, and astringency.

Free anthocyanins are the main source of the red colour in young wines. Their pri-
mary characteristic is pronounced instability, which leads to their incorporation into vari-
ous pigments over time through copigmentation and the formation of polymeric pigments
with other phenolic compounds in the wine. The resulting compounds are much more sta-
ble than the primary forms of anthocyanins. These structural changes cause a colour shift
from purple-red, which is typical of young wines, to red-orange, characteristic of aged
wines. Direct reactions between free anthocyanins and certain fermentation products, such
as acetaldehyde, grape acid, and vinylphenols, can produce stabilised pyranoanthocyanin
pigments such as vitisin A. Statistical analysis of the obtained data shows the strong signif-
icance of anthocyanin compound content in wines from different vintages. The data con-
firm that the content of individual compounds increases or decreases, with the exception
of vitisin A. The highest concentrations of vitisin A were found in wines from the 2010 and
2011 vintages. The lowest content was found in the youngest wine from 2016. Peonidin-
3-O-glucoside-coumaroyl content increased as the wine aged. The sum of identified an-
thocyanin compounds showed a decreasing trend with ageing (from 42.97 mg/100 mL in
2016 to 10.15 mg/100 mL in 2010). Glycosylation increases the stability and solubility of
anthocyanins in water, while acylation of sugar residues with aromatic and aliphatic acids
further enhances their stability. The highest relative total compound content of the mal-
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vidin group and the sum of non-acylated anthocyanins were observed. These characteris-
tics were confirmed experimentally in the studied Hilandar wines.

Understanding the different trends of anthocyanin complex compounds during age-
ing, and the changes in the concentration and percentage of individual anthocyanin com-
pounds, provides an indication of the stability and quality of the wine from a practical per-
spective. Furthermore, these trends can inform decisions about the optimal timing for bot-
tling, ensuring that the wine is most representative in terms of its qualitative parameters.

The presented results are of great importance, as this is the first time that results re-
lated to wines from this region are being published. There is very little data on the quality,
so this research is a valuable source of information and contributes significantly to the
ability to draw relevant conclusions.
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