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Grapevine domestication took place in the Caucasus area known as the Cradle of Viticulture, within or near the
geographical area known as the Vavilov Triangle. The phytogenetic resources of Vitis sylvestris C.C.Gmel. have
been previously collected and characterized, but the study on micro vinifications of wild grapevines from the
Caucasus is new. 
In the present document, seven grape samples from female individuals of wild grapevine growing in the South
Caucasus region were investigated to assess their oenological profile. 
Wine samples were obtained from the grapes collected from various populations of Armenia, Azerbaijan and
Georgia in October 2013 and fermented by the native yeasts. 
Parameters determined in the wines were, among others, the concentration of ethanol (3.63 % - 10.15 %), pH 
(3.30 - 4.20), total acidity (1.2 - 10.7 g/L of tartaric acid), total polyphenol index (1.81 - 89.8) and colour intensity
(2.59 - 20.76). This wide range of values is due to the different environmental conditions, the level of ripeness of
harvested grapes and their genetic diversity. These data were compared with those obtained in micro vinifications of
wild grapevines in Western Europe and wines of several international cultivars. 
The results of our research demonstrated, that the must of wild grape could be used to improve traditional wines
giving them more colouration.
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INTRODUCTION 

The Eurasian wild grapevine, Vitis sylvestris
C.C. Gmel., constitute the dioecious parental of
Vitis vinifera L. cultivars, which are usually
hermaphrodites (Rivera and Walker, 1989; This
et al., 2006; Zohary, 2000). The Eurasian wild
grapevine has received very diverse taxonomic
treatments, from the rank of variety to one of the
species. This implies the use of the subsequent
valid names, depending on the accepted level:
Vitis vinifera var. sylvestris Willd., V. vinifera
subsp. sylvestris (Willd.) Hegi or V. vinifera
subsp. sylvestris (C.C. Gmel.) Hegi, and
V. sylvestris C.C. Gmel. (Ferrer-Gallego, 2019).

Fossils of this autochthonous vine for Eurasia
appear within sediments dated from the end of
the Pliocene (Sémah and Renault-Miskovsky,
2004). At present, these wild populations are
disseminated in natural ecosystems from the
Iberian Peninsula to Hindu Kush (Arnold et al.,
2002). Some populations of this liana can be also
found in the African Maghreb (Ocete et al.,
2007). Their main habitats are river-bank forests,
river mouths, flood plains, colluvial positions on
the slopes of hills and mountains and coasts
between the parallels 49º N (Rhine River,
Germany) and 30º N (Ourika River, Morocco)
(Iriarte et al., 2013). In such places, soils are
often renewed by flooding (Arnold, 2002;
Maghradze et al., 2010). 

Pallas (1799 - 1801), a German naturalist at the
service of Empress Catherine II of Russia,
reported the presence of countless wild
grapevine populations in the Southern Caucasus.
There were several individuals with large logs,
some of them with the thickness of a ship’s mast;
their branches climbed on the surrounding trees.
Bunches of grapes were harvested by the
inhabitants of the region, sometimes, when the
entire grape became raisin after winter frost, in
the spring season. Eyriés (1841) indicated that
the grapevine grows in the gullies and plains of
Southern Caucasus as in their primitive
homeland. Thus, suggesting this area to be part
of a centre of domestication for grapevine, which
is consistent with recent molecular data: “The
close association of Georgian wild grapevines
with Georgian cultivated accessions strongly
supports their involvement in the initial
domestication of grapevine” (Riaz et al., 2018).

The Caucasus became even more relevant for
understanding Vitis sylvestris diversity after the

choice of a neotype for this taxon by Ferrer-
Gallego et al. (2019) who designated the
specimen collected in Georgia (Alazani river
basin, Jumaskure, 41°21.588′ N, 46°35.934′ E)
by Ia Pipia, which is preserved in the Herbarium
of the Institute of Botany, Ilia State University
(TBI barcode TBI1052417!).

The South Caucasus region is situated between
the Black and Caspian seas, across several
countries, notably Armenia, Azerbaijan and
Georgia, and is an important refuge area for
numerous plant species including sweet chestnut,
walnut and wild grapevine (Aradhya et al., 2017;
Krebs, 2019; Ramishvili, 1988; Ramishvili,
2001). Several wild relatives of domesticated
fruit species are present there in relic habitats in
the Greater Caucasus mountain range (Huglin
and Schneider, 1986; Vavilov, 1931). It
constitutes the territory with the highest Eurasian
grapevine diversity (wild and cultivated)
(Haxthausen, 1856; Kolenati, 1846; Negrul,
1938; Vavilov, 1926) and it is part of the
grapevine’s “Fertile Triangle” or “Vavilov´s
Triangle” (Figure 1) (Robinson et al., 2013). The
South Caucasus region has been postulated as
the cradle of viticulture and winemaking
(McGovern, 2003; 2004, McGovern et al., 2017;
Zohary, 2000).

In South Caucasus Region wild grapevine climbs
on numerous tree and shrub species in open
woodland (Ocete et al., 2018). Uses of
Caucasian wild grapevine include medicine;
agriculture (pollination of female cultivars) and
food (male flowers flavouring wines in
Azerbaijan, and unripe fruits (verjuice) in
marinades and special sauces (Maghradze et al.,
2015b).

The Eurasian wild grapevine is considered a
threatened plant genetic resource due to the
overexploitation of riverine forests, and the
establishment of orchards and public works. The
importation of fungal diseases from North
America, such as downy and powdery mildews
strongly reduced natural populations (Ocete et
al., 2015). Furthermore, after Phylloxera
infestation, there was a massive incorporation of
North American Vitis species in Eurasian
vineyards. They were used as root-stocks and in
genetic improvement projects addressed at
obtaining direct producer hybrids (French-
American hybrids). Both kinds of plants showed
a heavy invasive character as feral plants in wild
habitats, highly competitive in the same habitats
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where lived autochthonous Eurasian wild
grapevine (Ocete et al., 2007; Terpó, 1974).

Wild grapevine reproduces mainly by seed,
differing from the established vegetative
propagation of cultivars (Iriarte et al., 2013;
Revilla et al., 2010), and presents a higher level
of genetic diversity, particularly in South
Caucasian Region (Pipia et al., 2015). Genetic
studies including haplotype distribution based on
plastid DNA sequences show high levels of
variation in wild grapevine (V. vinifera subsp.
sylvestris) from the Greater Caucasus region
(Pipia et al., 2012). In natural wild populations
mutations affecting male vines can originate
hermaphrodite individuals (Picq et al., 2014).
Early farmers selected hermaphrodite

grapevines, presumably due to their higher
production of grapes and easier cultivation, to
establish the first vineyards outside river-bank
forests (Forni, 2006, 2012; Scienza, 2004; This
et al., 2006). However, some degree of dioecy
coexisted in cultivation. The South Caucasus
Region houses numerous female cultivars (97
out of 725 for the whole area, 53/414 in Georgia,
22/144 in Azerbaijan, and 22/171 in Armenia)
(Negrul, 1970). In the years of intensive
development of viticulture in Azerbaijan, it was
carried out artificial pollination of functionally
female grapevine varieties (Ag shany, Khatuni,
Tavkveri, Nimrang and others) with pollen of
male inflorescences of wild grapes to enhance
the productivity of vineyards (Efendiyev, 1972). 

© 2020 International Viticulture and Enology Society  - IVESOENO One 2020, 54, 4, 849-862 851

FIGURE 1. The “Vavilov’s Triangle” and sampled localities.



Shulaveri-Shomu culture existed on the territory
of present-day Georgia, Azerbaijan and
Armenia. The culture is dated to the 6th or early
5th millennia BC and is thought to be one of the
earliest known Neolithic cultures. Some of the
first wine production artefacts were found in the
archaeological sites of Shulaveri Gora and
Gadachrili Gora in South Georgia with other
evidence of agricultural activities dated c.
8000 BP (Chilashvili, 2004; McGovern, 2003;
McGovern et al., 2017) (Figure 2). Archaeolo-
gical excavations in the Areni-1 cave complex in
south-eastern Armenia revealed installations and
artefacts dating to around 6000 BP that are
strongly indicative of wine production (Barnard
et al., 2011).

It is necessary to remark that liquid products
other than wine were obtained from grapes
during the Prehistory and Antiquity. Grape must
was used to improve ceramic pastes, at least,
from the Bronze Age and grape vinegar was a
very important food preserver used in beverages
such as the “posca” consumed by Roman
legions (Ocete et al., 2011c). The population of
ancient Azerbaijan used wild grapes in food.
Over time, local residents began to move wild
grapevine closer to its homes and cultivate it.
Remains of wild grapevine were found among
the rocks of the ancient Gobustan and in the

Khachmass region of Azerbaijan (Babayev,
1988).

The grapevine cross, or Saint Nino’s cross, is a
major symbol of the Christian Georgian
Orthodox Church. Saint Nino of Cappadocia,
who preached in Georgia in the 4th century AD,
is represented as a girl holding up a cross made
with shoots of grapevine tied using her own hair
(Maghradze et al., 2015a).

The Eurasian wild grape produces a rather
astringent, small fruit with numerous seeds,
hardly the kind of grape for making good wine.
Its sugar content is relatively low and acids are
high, as compared with the domesticated
Eurasian cultivars, and the skin of its fruit is
tough (McGovern, 2003). Therefore, it could be
expected that wine obtained from these grapes
would differ in certain analytic parameters from
common wines.

An ampelography of selected native grape
varieties of the six countries Azerbaijan,
Armenia, Georgia, Moldova, Russia and Ukraine
has been published. The identification,
collection, characterization and conservation of
the diversity of grapevine genetic resources was
done 2004 - 2008 (Maghradze et al., 2012).

David Maghradze et al.
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FIGURE 2. Archaeological grape vine evidence.
A, Grape pips from ShulaveriGora (Georgia) c. 6000 BC (Tbilisi Archaeological Museum); 
B, Large vessel with decorations imitating clusters of grapes supposedly used to have contained wine, c.
6000 BC (Tbilisi Archaeological Museum); Images: R. Ocete.



According to the philosophy of the COST FA
1003 Action: “East-West Collaboration for
Grapevine Diversity and Exploration and
Mobilization of Adaptive Traits for Breeding”
(2010 - 2014) an expedition to collect and
conserve plant genetic resources of grapevines
from the South Caucasian Region was carried
out in 2013. 

Georgian cultivated and wild grapevine has been
described (Chkhartishvili and Maghradze, 2012;
Ocete et al., 2012) and genetically characterized
(De Lorenzis et al., 2015; Ekhvaia et al., 2014;
Imazio et al., 2013;Imazio et al., 2013), but not
the winemaking with wild grapevine of this

country, likely in Azerbaijan (Salimov and
Musayev, 2012) and Armenia (Melyan and
Gasparyan, 2012).

We believe it is important to make it clear that
wild grapevines in the Caucasus are an
important genetic resource for all the reasons
above stated. The wild grapevines of the
Caucasus have been studied and characterized
genetically and morphologically but there is a
lack of data of the characteristics of the wine
they provide.

The wild grapes have been vinified since ancient
times and are still used for this purpose both in

© 2020 International Viticulture and Enology Society  - IVESOENO One 2020, 54, 4, 849-862 853

FIGURE 3. Harvest of wild grapes and habitats.
A, Harvest of wild grapes in Guruchai River (Azerbaijan); B, Ripe wild grapes, Guruchai River; C, Ripe
wild grape from Ktsia River (Georgia); D, Fruiting wild grapevine in Guruchai River (Azerbaijan). 
E, Harvesting climbing grapevine (Georgia). F, Climbing wild grapevine and supporter (Azerbaijan).
Images: D. Maghradze and V. Salimov.



the study area and in other places where wild
grapevine grows (for example in Sardinia).

For all this, the aim of this work is: to
characterize the wine that is obtained from wild
grapes harvested in the several populations of
Azerbaijan, Georgia and Armenia; to establish a
preliminary characterization on the oenological
potential of wild grapes within this geographical
area; to know better the likely compositions of
the wines produced before grapevine
domestication.

MATERIALS AND METHODS 

1. |Sampling

Harvest of grapes took place at the second
middle of October 2013 in Armenia, Azerbaijan
and Georgia in the wild grapevine populations
free of the presence of feral cultivars and
American root-stocks (Figure 3). 

The coordinates of the different populations
sampled along river-bank forests and flood
plains are shown in Table 1 and Figure  . These
lianas climb on several species of the
accompanying vegetation, such as Carpinus
betulus, Cornus mas , Corylus avellana,
Crataegus caucasica, Mespilus germanica,
Paliurus spina-christi, Prunus divaricata,
Punica granatum, Cydonia oblonga, Pyrus
caucasica, Quercus iberica, Salix capreae,
Ulmus minor among others (Ocete et al., 2018).

All-female plants had red suborbicular berries,
with diameter inferior to 1 cm. The skin of the
grape is blue-black or dark red-violet (Table 1,
Figure 3). The surface is covered with a thick
wax layer.

2. Wine production and analysis

Bunches containing a considerable proportion of
ripe grapes were selected among those available
for harvest. High heterogeneity in the fruit set
and ripening process observed in the same
cluster (millerandage) is characteristic of wild
grapevine populations (Trad et al., 2017). The
removal and separation of ripe grape berries
from the stems (destemming) were done
manually. Of each sample, 50 berries preselected
as ripe were weighed to calculate what
percentage is transformed into must. Only ripe
berries were pressed using manual machinery.
Given the small number of grapes available, only
one sample from each locality (Table 1) was
fermented, no replicas were made. The fermen-
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tation was carried out in the laboratory in glass
jars, the first four weeks, and then transferred to
bottles for transport, with the own yeasts that
carried the berries (spontaneous fermentation),
for a maximum of 15 days, with a fixed
temperature of 20 ºC and daily stirring of the
must with the skins of the berries. There was no
addition of potassium metabisulfite. The samples
were analyzed following the methods proposed
by the OIV (2015) in a laboratory accredited
under Quality Standard 17025 (ISO 2019), as
follows:

- Ethanol: Near Infrared (NIR) (SpectraAlyzer
WINE, ZEUTEC).

- pH and total acidity: Automatic potentiometry
(Winelab Analyzer, FOODLAB-CDR,
Florence, Italy - Tecnología Difusión Ibérica,
Barcelona, Spain).

- Tartaric acid: Enzymatic (Cetlab 600,
Microdom, Taverny, France - Tecnología
Difusión Ibérica, Barcelona, Spain).

- Total polyphenol index: UV spectrometry
(LAMBDA 265 PDA UV/Visible Spectropho-
tometer, cuvettes (1 mm pathlength), Perkin
Elmer, Waltham, Massachusetts, USA).

- Colour intensity: UV-VIS spectrometry
(LAMBDA 265 PDA UV/Visible Spectropho-
tometer, cuvettes (1 cm pathlength), Perkin
Elmer, Waltham, Massachusetts, USA).

- L- Malic acid and volatile acidity: Enzymatic
(Cetlab 600, Microdom, Taverny, France -
Tecnología Difusión Ibérica, Barcelona, Spain).

- Reducing sugars: Autoanalyzer FCSA Q05
with Quaatro 39 (SEAL, Norderstedt,
Germany - AXFLOW, Arsta, Sweden).

3. Comparison

To determine relationships within the wines
obtained we calculated the pairwise differences
between samples in form of a dissimilarity
matrix. 

The crude matrix consisted of 8 variables
(ethanol content (% vol), total acidity (g/l), pH,
tartaric acid (g/l), L-malic acid (g/l), colour
intensity, total polyphenol index and reducing
sugars (g/l)) and 18 units (defined using mean-
sd, mean, and mean+sd values for each of the
6 samples). The matrix of chemical parameters
was used to compute a dissimilarity matrix using
DARwin V.6.0.17 (2018-04-25) (Perrier et al.,
2003; Perrier and Jacquemoud-Collet, 2006).

The chi-square dissimilarity index was
calculated. This measure expresses a value xik as
its contribution to the sum xi on all variables and
is a comparison of unit profiles [1]. 

where dij: dissimilarity between units i and j; 
xik, xjk: values of variable k for units i and j; 
xi., xj.: mean for units i and j; x.k: mean for
variable k; x..: overall mean. K: number of
variables. 

To realistically represent individual relations, a
hierarchical tree was constructed to describe the
relationships between units (samples) based on
the common agglomerative heuristic that
proceeds by successive ascending agglome-
rations. For updating dissimilarity during the
tree construction, the Ward criterion was
adopted, which searches at each step for a local
optimum to minimize the within-group or
equivalently to maximize the between-group
inertia. For the graphic representation, we have
opted for the software Figtree version 1.4.3.
(Rambaut, 2014). Analytical data of comparison
samples were obtained from De Gianni (2015)
(Nero d’Avola wine), Fogaça and Daudt (2012)
(Brazilian V. vinifera cultivars), Revilla et al.
(2016) (Spanish V. vinifera cultivars), Ocete et
al. (2011b) (Spanish wild grapevine wines),
Kang et al. (2008) (Traditional Korean wines are
made by adding rice to grape juice and adding
yeast), V. rotundifolia cultivars (Morris and
Brady, 2004; Talcott, 2004).

RESULTS AND DISCUSSION

The must yield per kilogram of grapes harvested
was situated between 16-17 %, due to the low
proportion of pulp in the fruits. A wine volume
of less than 250 ml was obtained in each of the
micro fermentations, so the method of
distillation with electronic densitometry was not
applicable to calculate the ethanol concentration
(v/v). Overall, the ethanol content measurement
results were extremely low for a beverage that
could be called wine (Table 2). This may be due
to a low sugar content in the grapes.

Given that between the wine production in
Georgia and the analysis in Spain, a period of
several weeks elapsed (c. 40 days), it is likely
that spontaneous malolactic fermentation
occurred, which would explain why tartaric and
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malic acids represent only up to 50 % of total
acidity.

The fact that the grapes have been fermented
with local natural yeasts can influence the
analytical characteristics of the experimental
wines. Therefore, the differences between the
wines are due not only to different origins and
environmental conditions but to different yeasts
as well.

Data on micro vinifications (Table 2) can be
summarized as follows:

1. Azerbaijan

Wine 1 (Guruchai River 1). After fermentation,
the percentage of ethanol recorded in this sample
was 5.78%. This wine had good total acidity and
showed a normal concentration of tartaric acid
(Almela et al., 1996). The colour intensity was
very low, similar to a rosé wine.

Wine 2 (Guruchai River 2). This wine showed a
higher percentage of ethanol, 10.15 %. It is the
maximum found in this region of the South
Caucasus. Total acidity is adequate. The total
polyphenol index is high, the colour intensity is
good, 10.60 (it could be appropriate for a good
quality red wine obtained from cultivars).

Wine 3 (Guruchai River 3). This wine showed a
lower concentration of ethanol, 4.62 %. It has a
low concentration of tartaric acid. The total
polyphenol index could not be carried out due to
the small volume of the sample.

Wine 4 (Guruchai River 4). This sample has a
high total acidity, a low to normal amount of
tartaric acid and only 5.04 % ethanol
concentration. The intensity of the colour and the
polyphenol index are normal according to its
maturity level.

2. Georgia

Wine 5 (Ktsia River 1). The concentration of
ethanol is 5.21 % vol. The intensity of colour
and the polyphenol index present very good
values. In this case, the phenolic maturity has
been more in advance than the technological one
as suggested by the sugars/acidity values ratio.

Wine 6 (Mtkvari River 1). The ethanol
concentration is 7.2 % vol. The colour intensity
and polyphenol index present decidedly
acceptable values.

3. Armenia

Wine 7 (Debet River 1). The berries of this
sample were so small, and with hardly any pulp,
that barely any must volume was achieved and
several determinations could not be completed. It
showed the lowest percentage of alcohol of all
microvinifications. Due to the few parameters
determined (Table 2), it is not included in the
comparison.

Considering all the results, analytical parameters
mainly fall within the range of variation of
cultivated grapevine wines. Ripeness level and
sugar content are highly influenced by the degree
of shade produced by botanical supporters (trees
and shrubs) and the rest of the accompanying
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TABLE 2. Wild grapes from South Caucasus countries: characteristics of their wines.

Notes: X: Average. σx: standard deviation. Inap., Inappreciable.
* For comparison with colour intensity of Vitis vinifera wines: cv Mencia (5.72 - 12.98 by Sudraud method and 16.43 - 17.21 by
Glories method) and cv Alicante Bouschet (12.16 - 24.43 by Sudraud method and 13.73 - 28.08 by Glories method) from AOC
Valdeorras, Galicia, NW Spain (Revilla et al., 2016); cv Merlot (between 4.3 - 11.0 by Glories method) from the Campahna
Gáucha and Serra Gáucha regions of Brazil (Fogaça and Daudt, 2012). In bold samples of group A Figure 4.

Wine 1 Wine 2 Wine 3 Wine 4 Wine 5 Wine 6 Wine 7

Values (X ± !x) Values (X ± !x) Values (X ± !x) Values (X ± !x) Values (X ± !x) Values (X ± !x) Values (X ± !x)

Ethanol (%) 5.78 ± inap. 10.15 ± inap. 4.62 ± inap. 5.04 ± inap. 5.21 ± inap. 7.2 ± inap. 3.63 ± inap.

pH 3.58 ± 0.05 3.31 ± 0.05 5.64 ± 0.05 3.50 ± 0.05 3.30 ± 0.05 4.20 ± 0.05 -

Total acidity (g/L tartaric acid) 5.3 ± 0.4 7.7 ± 0.4 1.2 ± 0.4 10.7 ± 0.4 8.2 ± 0.4 6.1 ± 0.4 -

L-malic acid (g/L) <0.10 <0.10 1.11 ± 0.22 <0.10 ± 0.22 0.90 ± 0.22 1.71 ± 0.22 <0.10

Tartaric acid (g/L) 2.30 ± 0.35 2.78 ± 0.35 0.59 ± 0.35 1.79 ± 0.35 3.24 ± 0.35 1.57 ± 0.35

Reducing sugars (g/L) 1 ± 0.5 1.5 ± 0.5 1.7 ± 0.5 4.9 ± 0.5 1.3 ± 0.5 1.8 ± 0.5 -

Total polyphenol index 18.1 ± 0.9 51.8 ±1.7 - 29.9 ± 0.9 56.50 ± 0.9 89.8 ± 0.9 -

Colour intensity* 2.59 ± 0.058 10.60 ± 0.058 4.85 ± 0.058 3.76 ± 0.058 20.19 ± 0.058 20.76 ± 0.058 -

Parameters



vegetation in natural habitats, such as river-bank
forests and flood plains (Ocete et al., 2018)
(Figure 3). The concentration of anthocyanins of
the skin of the berries that will form the
pigmented polymers of red wines is also affected
by shade and weather (Esteban et al., 2001;
Fulcrand et al., 2006) and varies even in the
same cultivar along different harvests (Revilla et
al., 2009) and in wild grapevines (Benito, 2015;
Revilla et al., 2010; Cantos et al., 2017). 

The ethanol percentage of normal samples varies
between 4.62 % and 10.15 % (the abnormal
sample 7 presented 3.63 %). The colour intensity
varies between 2.59 and 20.76. It is necessary to
remark that a wine is considered red, after the
malolactic fermentation, when its intensity of the
colour is 3.5 at least, for instance by the
Regulatory Council of the Denomination of
Origin Rioja (Spain) (Riojawine, 2019).

In general, ethanol levels and, sometimes, colour
intensity values in Caucasus wines from wild
grapevines are lower than those registered in
micro vinification with wild grape samples from
Sardinia (Italy) (Lovicu et al., 2009) and
Andalusia, La Rioja, Castille and León and
Navarre (Spain) (Ocete et al., 2011a; Ocete et
al., 2011b). In the case of Spain, the maximum
ethanol content was 14 %, registered in a sample
harvested in Cáceres province (Extremadura)
(Ayala et al., 2011) and the top colour intensity
was 26.4 determined on a micro vinification
from the Ega River (Álava province, Basque
Country) (Meléndez et al., 2015). 

Concerning the classification, colour intensity
and total polyphenol index determine three main
groups (Figure 4) (cf. Table 2). 

Group I is characterized by the highest values of
total polyphenol index, 50 - 90 (mean 66) and
colour intensity, 10 - 21 (mean 17.2). Total
polyphenols and colour intensity are lower and
similar for Groups II and II (17-31 for
polyphenol index and 3-5 for colour intensity).
Group II presents a lower tartaric acid content
(0.2 - 0.9 g/L) in comparison with Group I (1.2 -
3.5 g/L) and Group III (1.4 - 2.7 g/L). Group II,
also, presents an extremely low total acidity
(0.8 - 1.6 g/L) and a higher pH (5.6 - 5.7).
Finally, ethanol content was found not useful to
recognize groups. Group I (Figure 4) include
South Caucasian wild grapevine samples: two
from Georgia and one from Azerbaijan. Whose
compositions show similarities with some of the
wild grapevine samples from Spain (Ayala et al.,
2011; Ocete et al., 2011a; Ocete et al., 2011b),
Korean wines (Kang et al., 2008) and Vitis
rotundifolia wines (Morris and Brady, 2004;
Talcott, 2004).

Guruchai River samples 1, 3, 4, which form
clusters II and III, produced wines that have
shown similarities with those of Vitis vinifera
cultivars and most wild Eurasian grapevine
samples from Spain.

It is worth to highlight that, from a molecular
marker perspective, South Caucasian popu-
lations belong to chlorotypes C and D, whereas
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FIGURE 4. Relationships among Caucasus wine samples.
Note: Ward’s minimum variance tree. A, B, C variants within each sample that were defined using mean-sd (A), mean (B), and
mean+sd (C) values for each parameter).



Spanish ones belong to chlorotype A (Arroyo-
García et al., 2006; De Andrés, et al., 2012).

All samples present reducing sugars not
transformed in ethanol, at different
concentrations. The high total polyphenol index
and high acidity could be assumed responsible
for the disruption of the normal action of yeasts.
However, these are not significantly different
from the levels in wines from cultivars.
Moreover, Wine 3 has 1.7 g/L of reducing sugars
and low polyphenols and acids content (Table 2).
Therefore, we cannot associate this level of
sugars with problems in fermentation due to the
total polyphenol index and high acidity.

At the time of carrying out the analyses, the
laboratory did not have the instruments for the
study of aroma, so these data are not available,
despite their interest. It would also be interesting
to produce more wine to perform a sensory
analysis. However, several points make it very
difficult: the extremely low number of grapes
produced by wild strains in their natural habitats
of South Caucasus during episodes of drought,
the inter-annual irregularity in the harvest and
the difficult access to some of the populations.

The use of wild grapevine has been frequented
for producing wine throughout history.
Currently, the Eurasian wild grapevine is in the
list of Endangered Plant Species of Georgia
since 1982 (Chemonics, 2000). In Azerbaijan,
people have always produced red and white
wines. An interesting wine is the so-called “gora
sharab”, traditional of the region Guba-
Khachmaz, Shaki-Zaqatala, Garabagh. For
making this wine people use cultivated and wild
grapes gathered in forest and riversides (Salimov
and Musayev 2012). 

In the Azerbaijan Research Institute of
Viticulture and Wine-making buds and pollen of
wild grapes are used as a flavour for preparing
flavoured dessert wine like «nectar». This wine
is characterized by a particular taste and unique
flavour (Amanov, 2001; Amanov, 2005). 

From unripe berries of wild grapevine, local
habitants prepare healing juice, called «gora
suyu» or «gara suyu». This juice is successfully
used in the treatment of diabetes. Grapes contain
numerous polyphenols, including the stilbene
resveratrol, the flavanol quercetin, catechins, and
anthocyanins that have shown potential for
reducing hyperglycaemia, improving β-cell
function, and protecting against β-cell loss.

Therefore, with a low mean glycaemic index and
glycaemic load, grapes or grape products may
provide health benefits to type 2 diabetics
(Rasines-Perea and Teissedre, 2017; Zunino,
2009).

An infusion of fresh leaves of the wild vine is
widely used for the treatment of rheumatism (as
a bath), as well as for improving eyesight
(Damirov and Shukurov, 1985).

In Sardinia, a traditional wine is known as «vinu
de marxani» or “vino de volpe” is made with the
wild grape. Until the middle of the 20th century,
shepherds of the mountainous area of Sulcis
made their own wine with these wild grapevines,
which they called vino de caoprai (Lovicu et al.,
2009; Lovicu, 2013). Therefore, it has been
traditional to make wine completely with wild
grapes.

The potential contribution of wild grapes
(wine 1, wine 2, wine 5) to lower the pH of the
must by increasing the acid content, facilitating
good wine conservation, is extremely limited by
the considerable drop in alcohol that this
addition can produce. Red wild grape wines
(wine 2, wine 5 and wine 6), despite their high
polyphenolic content that could help improve the
preservation of base wines and add a higher
concentration of anthocyanins, are of little use as
improvers of wines made with cultivated
varieties, for the same reason.

CONCLUSIONS

The wild grapevine populations cited in the
present paper could be useful to make deeper
oenological studies, such as the analysis of
anthocyanin fingerprints. Wild grapevines with
fruits rich in colour could be used to intensify the
colour in red wines, as long as their low ethanol
content can be resolved.

These wines (wines 2, 5 and 6) for their content
in polyphenols could be used for improving the
conservation of organic wines.

It is desirable that in these countries the traditional
wine of the wild grapevine continues to be made
and eventually added to the conventional local
wines, which would confer certain original
characteristics to the wines from the domesticated
cultivars of the Eurasian grapevine.

Acknowledgements: This work was carried out
under the project COST FA1003 Action “East -
West Collaboration for Grapevine Diversity and

David Maghradze et al.

© 2020 International Viticulture and Enology Society  - IVES OENO One 2020, 54, 4, 849-862858



Exploration and Mobilization of Adaptive Traits
for Breeding” (2014-2018). We are indebted to
the persons helping during organization and
realization of the expeditions: Ekaterine
Abashidze (Institute of Horticulture, Viticulture
and Oenology, Georgia), Akaki Modebadze and
Kakha Karalashvili (Lagodekhi Reserve,
Georgia), David Maghradze and Ghuto Kiknadze
(Gardabani Reserve, Georgia), Shikhsaid
Akhmedov (Quba, Azerbaijan), Manvel Sukoyan
(Dilijan, Armenia).

REFERENCES
Almela, L., Javaloy, S., Fernández-López, J. A., &
López-Roca, J. (1996). Varietal classification of
young red wines in terms of chemical and colour
parameters. Journal of the Science of Food and
Agriculture, 70(2), 173-180. doi:10.1002/(SICI)1097-
0010(199602)70:2<173::AID-JSFA479>3.0.CO;2-J
Amanov, M.V. (1998). Wild grapevine of Azerbaijan.
Baku: Azerneshr. (in Azerbaijani).
Amanov, M.V. (2005). The experimental value of the
wild grapes it`s perspectives in the viticulture of the
Republic. News of the Azerbaijani State Pedagogical
University, 5, 122–127 (in Azerbaijani).
Aradhya, M., Velasco, D., Ibrahimov, Z.,
Toktoraliev, B., Maghradze, D., Musayev, M.,
Bobokashvili, Z., & Preece, J. (2017). Genetic and
ecological insights into glacial refugia of walnut
(Juglans regia L.). PLoS ONE 12(10). doi:10.1371/
journal.pone.0185974
Arnold, C. (2002). Ecologie de la vigne sauvage, Vitis
vinifera L. ssp. sylvestris (Gmelin) Hegi, dans les
forêts alluviales et colluviales d’Europe. Geobotanica
Helvetica, 6, 1–256.
Arroyo-García, R., Ruiz-García, L., Bolling, L.,
Ocete, R., López, M., Arnold, C., Ergul, A.,
Söylemezoglu, G., Uzun, H., Cabello, F., Ibañez, J.,
Aradhya, M., Atanassov, A., Atanassov, I., Balint, S.,
Cenis, J., Costantini, L., Gorislavets, S., Grando, M.,
Klein, B., McGovern, P., Merdinoglu, D., Pejic, I.,
Pelsy, F., Primikirios, N., Risovannaya, V.,
Roubelakis-Angelakis K., Snoussi, H., Sotiri, P.,
Tamhankar, S., This, P., Troshin, L., Malpica, J.,
Lefort, F., & Martínez-Zapater J. (2006). Multiple
origins of cultivated grapevine (Vitis vinifera L. ssp.
sativa) based on chloroplast DNA polymorphisms.
Mol. Ecol. 15, 3707–3714. doi: 10.1111/j.1365-
294X.2006.03049.x.
Ayala, M., Ocete, R., García Moreno, M., &
Armendáriz, I. (2011). Vinificación con poblaciones
del Valle de Mena (Burgos) y del Valle del Ambroz
(Cáceres). Jornadas de Viticultura y Enología de
Tierra de Barros 33, 143–155.
Babayev, T. (1988). Azerbaijan is the ancient country
of viticulture. Baku: Azerbaijan State Publishing
House, (in Azerbaijani).

Barnard, H., Dooley, A., Areshian, G., Gasparyan, B.,
& Faull, K. (2011). Chemical evidence for wine
production around 4000 BCE in the Late Chalcolithic
Near Eastern highlands. Journal of Archaeological
Science, 38(5), 977-984. doi:10.1016/j.jas.2010.11.
012
Benito, A. (2015). Caracterización de las poblaciones
de vid silvestre de la Península Ibérica. Ph Thesis.
Madrid: Universidad Politécnica de Madrid. Escuela
Técnica Superior de Ingenieros agrónomos.
Cantos, M., Arroyo-García, R., García, J., Lara, M.,
Morales, R., López, M., Gallardo, A., Ocete C.,
Rodríguez, A., Valle, J., Vaca, R., González-
Maestro, M., Bánáti, H., & Ocete, R. (2017). Current
distribution and characterization of the wild
grapevine populations in Andalusia (Spain). C R Biol,
340, 164–177. doi: 10.1016/j.crvi.2017.01.004.
Chemonics (2000). Biodiversity Assessment for
Georgia. Task Order under the Biodiversity &
Sustainable Forestry IQC (BIOFOR) USAID
Contract number: LAG-I-00-99-00014-00. Submitted
to USAID, Submitted By Chemonics International
Inc., Washington, D.C. https://importal. net/library/
content/118_georgia/at_download/file (last accessed
20/10/2019).
Chilashvili, L. (2004). The Vine, Wine and the
Georgians. Tbilisi (Georgia): Petite.
Chkhartishvili, N., & Maghradze, D. (2012).
Viticulture and winemaking in Georgia. Vitis,
51,169–176. doi:10.5073/vitis.2012.51.special-
issue.3-481 
Damirov, I., & Shukurov, D. (1985). The remedy for
many diseases // Bakinskiy rabochiy newspaper,
October 15-th, 1985 (in Azerbaijani).
De Andrés, M., Benito, A., Pérez-Rivera, G.,
Ocete R., López, M., Goforio, L., Cabello, F.,
Martínez-Zapater, J., & Arroyo-García, R. (2012).
Genetic diversity of wild grapevine populations in
Spain and their genetic relationships with cultivated
grapevines. Mol Ecol, 21(4), 800–816. doi:
10.1111/j.1365-294X.2011.05395.x
De Gianni, A. (2015). Production of high-quality red
wines from native vines through the management of
viticultural, technological, aging and packaging
variables. PhD. Foggia (Italy): Università degli Studi
di Foggia.
De Lorenzis, G., Chipashvili, R., Failla, O., &
Maghradze, D. (2015). Study of genetic variability in
Vitis vinifera L. germplasm by high-throughput
Vitis18kSNP array: The case of Georgian genetic
resources. BMC Plant Biol, 15,154. doi 10.1186/
s12870-015-0510-9
Efendiyev M. M., 1972. Viticulture of Azerbaijan.
Azerbaijan State Publishing House. Baku (in
Azerbaijani)
Ekhvaia, J., Gurushidze, M., Blattner, F.R., &
Akhalkatsi, B. (2014). Genetic diversity of Vitis

© 2020 International Viticulture and Enology Society  - IVESOENO One 2020, 54, 4, 849-862 859



vinifera in Georgia: relationships between local
cultivars and wild grapevine, V. vinifera L. subsp.
sylvestris. Genet Resour Crop Evol, 61, 1507-1521
http://dx.doi.org/10.1007/s10722-014-0125-2
Esteban, M., Villanueva, M., & Lisarrague, J. (2001).
Effect of irrigation on changes in the anthocyanin
composition of the skin of cv. Tempranillo (Vitis
vinifera L.) grape berries during ripening. J Sci Food
Agr, 81(4), 409–420. doi:10.1002/1097- 0010(200
103)81:4<3C409::AID-JSFA830>3E3.0.CO;2-H
Eyriés, J. (1841). Voyage pittoresque en Asie et
Afrique. Paris: Ed. Furne et Cie. 
Ferrer-Gallego, P., Ferrer-Gallego, R., Laguna, E., &
Pipia, I. (2019). [2682] Proposal to conserve the name
Vitis sylvestris CC Gmel. (Vitaceae) against
V. sylvestris W. Bartram. Taxon, 68(2), 409-410.
doi:10.1002/tax.12043
Fogaça, A., & Daudt, C. (2012). Copigmentation and
color of Brazilian Merlot wines: 1. Influence of skin
contact time. J Int  Sci Vigne Vin, 46(1), 51–56.
doi:10.20870/oeno-one.2012.46.1.1506
Forni, G. (2006). Chronology of viticulture areas of
paradomestication and centres of domestication of
grapevine. J Vazi da Ghvino (Grape and Wine), 1-2,
56–59 (In Georgian).
Forni, G. (2012). The origin of «Old World»
viticulture. In:Maghradze, D., Rustioni, L., Turok, J.,
Scienza, A., Failla, O. (Eds.) Caucasus and Northern
Black Sea Region Ampelography. Vitis, 53 (Special
issue): 27–38.
Fulcrand, H., Dueñas, E., Salas, E., & Cheynier, V.
(2006). Phenolic reactions during winemaking and
aging. Ame J Enol Viticul, 21, 289–297.
Haxthausen, A. (1856). Über Georgien (Erse hälfte
des XIX jh.). Die Georgische Übersetzung, die
Eileitung, Kommentationen und Register von Gia
Gelaschwili. Tbilisi: Artanuji. (in Georgian) (A
chapter translated from: August von Haxthausen.
1856. Transkaukasia. Andeutungen über das
Familien-und Gemeindeleben und die socialen
Verhältnisse einiger Völker zwischen dem Schwarzen
und Kaspischen Meere. Reiserinnerungen und
gesammelte Notizen von August von Haxthausen,
Vol. 1-2. Leipzig: Brodhaus.).
Huglin, P., & Schneider, C. (1986). Biologie et
écologie de la vigne. Paris: Editions Payot.
Imazio, S., Labra. M., Grassi. F., Scienza. A.,
Failla. O. (2006). Chloroplast microsatellites to
investigate the origin of grapevine. Genet Resour
Crop Ev, 53, 1003–1011. doi:10.1007/s10722-004-
6896-0
Imazio, S., Maghradze, D., De Lorenzis, G.,
Bacilieri, R., Laucou, V., This, P., Scienza, A., &
Failla, O. (2013). From the cradle of grapevine
domestication: molecular overview and description of
Georgian grapevine (Vitis vinifera L.) germplasm.

Tree Genet Genomes, 9, 641–658. doi:10.1007/
s11295-013-0597-9
IPGRI-UPOV-OIV (1997). Descriptors for Grapevine
(Vitis spp.). International Union for the Protection of
New Varieties of Plants, Geneva, Switzerland/Office
International de la Vigne et du Vin, Paris, France/
International Plant Genetic Resources Institute,
Rome, Italy. http://archive-ecpgr.cgiar.org/ fileadmin/
bioversity/publications/pdfs/393_Descriptors_for_gra
pevine__Vitis_spp._-cache=1415188920. pdf (last
accessed 14/9/2020).
Iriarte, M., Salinas, J., Pérez, M., Ocete, E., &
Ocete, R. (2013). La vid silvestre, un taxón
amenazado en diversos ecosistemas ibéricos. Cuadern
Soc. Esp. Cienc. For, 38, 143–148.
ISO (2019). ISO/IEC 17025 testing and calibration
laboratories. https://www.iso.org/ISO-IEC-17025-
testing.and-calibration-laboratories,html (last
accessed 15/12/2019).
Kang, S., Yang, E., Jo. G., Park, Y., & Jung, S.
(2008). Brewing and quality characteristics of Korean
traditional grape wine. J Korean Soc Food Sci Nutr,
37(8), 1030–1036. doi:10.3746/jkfn.2008.37.8.1030
Kolenati, F. (1846). Versuch einer systematischen
Anordnung der in Gruzinien einheimischen reben
nebst einem oekonomischtechnischen Ahnhange. Bul
Soc. Sci Nat Moscow 19, 283-371.
Krebs, P., Pezzatti, G., Beffa, G., Tinner, W., &
Conedera, M. (2019). Revising the sweet chestnut
(Castanea sativa Mill.) refugia history of the last
glacial period within extended pollen and macrofossil
evidence. Quaternary Sci Rev, 206, 111–128. Doi:
10.1016/j.quascirev.2019.01.002
Lovicu, G., Farci, M., Bacchetta, G., Orrú, M.,
Pérez, M., Gómez, J., & Ocete, R. (2009). Hábitats,
estado sanitario y caracterización enológica de la vid
silvestre, Vitis vinifera L. spp. sylvestris (Gmelin)
Hegi, en Cerdeña (Insula vini). Enólogos, 62, 30–35. 
Lovicu, G. (2013). Lo studio sulle origini della vite e
del vino è connesso a campi molto lontani dalla
pratica agricola, enológica o dalla botanica: religione,
tradizioni, usi e costumi sono legati alla vite e al vino
fin dalle origini dell’umanità. http://www.sardegnaa
gricoltura.it/documenti/14_43_20080505180113.pdf
(last accessed 14/9/2020).
Maghradze, D., Grbić, M., Ocete, M., Ocete, C.,
Pérez-Izquierdo, M., & Ocete, R. (2015a). Cinco
santos relacionados con la vid, los remedios contra
sus plagas y el vino. In XXXVI Jornadas de Viticul-
tura y Enología Tierra de Barros. Almendralejo.
Spain. Centro Universitario de Santa Ana.
pp. 253–264.
Maghradze, D., Ocete, M., Pérez-Izquierdo, M.,
Chipashvili, R., Ocete, C., & Ocete R. (2010). El
patrimonio vitícola de Georgia: el estado sanitario de
sus poblaciones silvestres. XXXI Jornadas de
Viticultura y Enología de Tierra de Barros. Centro

David Maghradze et al.

© 2020 International Viticulture and Enology Society  - IVES OENO One 2020, 54, 4, 849-862860



Universitario de Santa Ana. Almendralejo. Spain.
pp. 113–126.
Maghradze, D., Rustioni, L., Turok, J., Scienza, A.,
Failla, O., Forni, G., Melyan, G., Gasparyan, S.,
Amanov, M., Salimov, V., Musayev, M.,
Chkhartishvili, N., Tsertsvadze, N., Savin, G.,
Troshin, L., Volynkin, V., Polulyakh, A.,
Chizhova, A., & Roshka, N. (2012). Caucasus and
Northern Black Sea Region Ampelography.
Quedlinburg: Julius Kuhn Institut. 
Maghradze, D., Salimov, V., Melyan, G.,
Musayev, M., Ocete, C., Chipashvili, R., Failla  O., &
Ocete R. (2015b). Sanitary status of the Eurasian wild
grapevine in the South Caucasian region. Vitis, 54
(Special Issue), 203–205. 
McGovern, P. (2003). Ancient Wine. The search for
the origins of viniculture. Princeton: Princeton
University Press, 
McGovern, P. (2004). Wine and Eurasian grape:
Archaeological and chemical perspectives on their
origins. In Actas do III Simpósio da Associaçao
International de História e Civilizaçao da Vinha e do
Vinho. Funchal, Madeira. Pp. 291–307.
McGovern, P., Jalabadze, M., Batiuk, S.,
Callahan, M., Smith, K., Hall, G., Kvavadze, E.,
Maghradze, D., Rusishvili, N., Bouby, L., Failla, O.,
Cola, G., Mariani, L., Boaretto, E., Bacilieri, R.,
This, P., Wales, & N., Lordkipanidze, D. (2017).
Early Neolithic wine of Georgia in the South
Caucasus. PNAS, 114(48), E10309–E10318. doi/
10.1073/pnas. 1714728114
Meléndez, E., Puras, P., Gracía, J., Cantos, M.,
Gómez-Rodríguez, J., Íñiguez, M., Rodríguez, A.,
Valle J., Arnold, C., Ocete, C., & Ocete, R. (2016).
Evolution of wild and feral vines from the Ega River
gallery forest (Basque Country and Navarra, Spain)
from 1995 to 2015. J Int Sci Vigne Vin, 50(2), 65–75.
doi:10.20870/oeno-one.2016.50.2.782
Melyan, G., & Gasparyan, S. (2012). Viticulture and
winemaking in Armenia. Vitis, 51, 39–84.
Morris, J., & Brady, P. (2004). The Muscadine
experience: adding value to enhance profits .
Faytteville: Arkansas Agricultural Experiment
Station.
Negrul, A. (1938). Evolution of cultivated forms of
grapes. CR Acad Sci USSR, 18(8), 585–588.
Negrul, A. (1970). Reference book for the
Ampelography of the Soviet Union. Moscow:
Pishchevaia promyshlennost. Pp. 381–408 (in
Russian)
NOAA (2020). NOAA Climate Data Online.
https://www.ncdc.noaa.gov/ (last accessed
12/10/2020).
Ocete, R., Ocete, R.E., Pérez, O., Izquierdo, P.,
Rustioni, L., Failla, O., Chipashvili, R., &
Maghradze, D. (2012). Ecological and sanitary

characteristics of the Eurasian wild grapevine (Vitis
vinifera L. ssp. sylvestris (Gmelin) Hegi) in Georgia
(Caucasian region). Plant Genet Resour-C, 10(2),
155–162. doi:10.1017/S1479262112000160
Ocete, R., Arnold, C., Failla, O., Lovicu, G.,
Biagini, B., Imazio, S., Lara, M., Maghradze, D., &
Angeles-Lopes, M. (2011a). Consideration on
European wild grapevine (Vitis vinifera L., ssp.
sylvestris (Gmelin) Hegi) and Phylloxera infestation.
Vitis, 50(2), 97–98.
Ocete, R., Arroyo-Garcia, R., Morales, M.,
Cantos, M., Gallardo, A., Pérez, M., Gómez, I., &
López, M. (2011b). Characterization of Vitis
vinifera L. subspecies sylvestris (Gmelin) Hegi in the
Ebro River Basin (Spain). Vitis, 50, 11–16.
Ocete, R., Cantos, M., López, M., Gallardo, A.,
Pérez, M., Troncoso, A., Lara, M., Failla, O.,
Ferragut, F., & Liñán, J. (2007). Caracterización y
conservación del recurso fitogenético vid silvestre en
Andalucía. Consejería de Medio Ambiente, Junta de
Andalucía. Jerez de la Frontera: Falcor, 
Ocete, R., Fevereiro, & P., Failla, O. (2015). Proposal
for the wild grapevine (Vitis vinifera L. subsp.
sylvestris (Gmelin) Hegi) conservation in the
European countries. Vitis, 54 (Special Issue),
281–282. doi:10.5073/vitis.2015.54.special-
issue.281-282
Ocete, R., Gallardo, A., Pérez, M., Ocete, C.,
Lara, M., & López-Martínez, M. (2011c). Usages
traditionnels de la vigne sauvage en Espagne.
Territoires du vin (on line) Les territoires du vin en
Espagne. 22 de février 2011: http://revuessh.u-
bougogne.fr/territoires du vin/document.phpid.872. 
Ocete, R., Rivera, D., Maghradze, D., Salimov, V.,
Melyan, G., Musayev, M., Ocete, C., Chipashvili, R.,
Failla, O., & Obón, C. (2018). Support trees and
shrubs for the Eurasian wild grapevine in Southern
Caucasus. Ann Agr Sci, 16(4), 427–431. doi:10.1016/
j.aasci.2018.06.005
OIV (2015). Recueil des méthodes internationales
d’analyse des vins et des moûts. Paris (France):
O.I.V.
Pallas, P. (1799-1801). Bemerkungen auf einer Reise
in die Südlichen Statthalterschaften des Russischen
Reichs. Leipzig: Ed. Gottfried Martin. 
Perrier, X., Flori, A., & Bonnot, F. (2003). Data
analysis methods. In: Hamon, P., Seguin, M.,
Perrier, X., Glaszmann, J. (eds.) Genetic diversity of
cultivated tropical plants. Montpellier: Enfield,
Science Publishers. Pp. 43-76.
Perrier, X., & Jacquemoud-Collet, J. (2006).
DARwin software http://darwin.cirad.fr/ (last
accessed 23/10/2020). 
Picq, S., Santoni, S., Lacombe, T., Latreille, M.,
Weber, A., Ardisson, M., Ivorra, S., Maghradze, D.,
Arroyo-Garcia, R., Chatelet, P., This, P., Terral, J., &
Bacilieri, R. (2014). A small XY chromosomal region

© 2020 International Viticulture and Enology Society  - IVESOENO One 2020, 54, 4, 849-862 861



explains sex determination in wild dioecious
V. vinifera and the reversal to hermaphroditism in
domesticated grapevines. BMC Plant Biol, 14(1),
229. doi:10.1186/s12870-014-0229-z
Pipia, I., Gogniashvili, M., Tabidze, V., Beridze, T.,
Gamkrelidze, M., Gotsiridze, V., Melyan, G.,
Musaev, M., Salimov, V., Benk, J., & Schall, B.
(2012). Plastid DNA sequence diversity in wild
grapevine samples (Vitis vinifera subsp. sylvestris)
from the Caucasus region. Vitis, 51(3), 119–124.
Pipia, I., Tabidze, V., Gogniashvili, M.,
Kotorashvili, A., & Kotaria, N. (2015). Complete
plastid genome sequences of Georgian wild grapevine
samples (Vitis vinifera subsp. sylvestris). Materials of
the World Congress of Vine and Wine, Mainz
(Germany). 
Rambaut, A. (2014). Fig Tree, Tree Figure Drawing
Tool Version 1.4.2 2006-2014, Andrew Rambaut
Institute of Evolutionary Biology, University of
Edinburgh. http://tree.bio.ed.ac.uk/ (last accessed 20
Nov 2019). 
Ramishvili, R. (1988). Wild growing grapevine of the
Trans-Caucasus. Tbilisi (in Russian).
Ramishvili, R. (2001). History of Georgian grape and
wine. Tbilisi (in Georgian). 
Rasines-Perea, Z., & Teissedre, P. (2017). Grape
Polyphenols’ Effect in Human Cardiovascular
Disease and Diabetes. Molecules, 22, 68.
doi:10.3390/molecules22010068
Revilla, E., Carrasco, D., Benito, A., & Arroyo-
García, R. (2010). Anthocyanin composition of
several wild grape accessions. Am J Enol Viticult, 61,
536–543. doi:10.5344/ajev.2010.09134
Revilla, E., García-Beneytez, E., & Cabello, F.
(2009). Anthocyanin fingerprint of clones of
Tempranillo grapes and wines made with them. Aust
J Grape Wine R, 15, 70–78. doi:10.1111/j.1755-
0238.2008.00037.x
Revilla, E., Losada, M., & Gutiérrez, E. (2016).
Phenolic composition and color of single cultivar
young red wines made with Mencia and Alicante-
Bouschet grapes in AOC Valdeorras (Galicia, NW
Spain). Beverages, 2(2) , 18 pp. doi:10.3390/
beverages2030018
Riaz, S., De Lorenzis, G., Velasco, D.,
Koehmstedt, A., Maghradze, D., Bobokashvili, Z.,
Musayev, M., Zdunic, G., Laucou, V., Walker, M., &
Failla, O. (2018). Genetic diversity analysis of
cultivated and wild grapevine (Vitis vinifera L.)
accessions around the Mediterranean basin and
Central Asia. BMC plant biology, 18(1), p.137.
doi:10.1186/s12870-018-1351-0
Riojawine (2019). Circular 5/2018. – Normas de
Campaña para la Vendimia. https://www.riojawine.
com/wp-content/uploads/1/2018/09/CIRCULAR-5-
NORMAS-DE-CAMPAÑA-2018.pdf (last accessed
5/2/2019).

Rivera, D., & Walker, M. (1989). A review of
paleobotanical findings of early Vitis in the
Medierranean and on the origin of cultivated
grapevines, with special reference to new pointers to
prehistoric exploitation in the Western Mediterranean.
Rev Paleobot Palyno, 6, 205–237.
Robinson, J., Harding, & J., Vouillamoz, J. (2013).
Wine Grapes. London: Allen Lane - The Penguin Press.
Salimov, V., & Musayev, M. (2012). Viticulture and
winemaking of Azerbaijan. Vitis, 51, 85–176.
Scienza, A. (2004). Il terzo anello, storia di un
viaggio. In del Zan, F., Failla, O., Scienza, A. (Eds.)
La vite e l’uomo. Gorizia (Italia): Ed. Ersa, Pp.
101–148.
Sémah, A., & Renault-Miskovsky, J. (2004).
L’évolution de la végétation depuis deux millions
d’années. Paris: Artcom, 
Talcott, S. (2004). Polyphenolics from red wine in
cancer prevention: influence on apoptosis in human
leukemia cells and antioxidant effects in human
subjects . University of Florida, Ph.D. Thesis.
http://etd.fcla.edu/UF/UFE0005682/ talcott_s.pdf (last
accessed 26/6/2020).
Terpó, A. (1974). A ligeti szóló- Vitis vinifera L.
(Taxonomic key of the wild and feral vine species
occurring in Hungary). Budapest, Magy Kultúrflórája
4, 15–16.
This, P., Lacombe, T., & Thomas, M. (2006).
Historical origins and genetic diversity of wine
grapes. Trends Genet, 22, 511–519. doi:10.1016/j.tig.
2006.07.008
Trad, M., Boge, M., Hamda, H.B., Renard, C.,
Harbi, M. (2017). The Glucose-fructose ratio of wild
Tunisian grapes. Cogent food & agriculture, 3(1),
p.1374156. doi:10.1080/23311932.2017.1374156
Vavilov, N. (1926). Centry proiskhozhdenia
kulturnikh rastenii (The centers of origin for
cultivated plants). Trudy po prikladnoi botanike,
genetike i selektsii Proc Appl Botany Genet Breeding,
16, 133–137 (in Russian).
Vavilov, N. (1931). Dikie rodichi plodovykh dereviev
aziatskoi xhasti CCCR i kavkaza I problem
proiskhozhdenia plodovykh dereviev (Wild relatives
of fruit trees of Asian part of the USSR and of the
Caucasus and the problem of origination of fruit
trees). Trudy po prikladnoi botanike, genetike i
selektsii) Proc Appl Botany, Genet Breeding, 26(3),
85–107.
Zohary, D., & Hopf, M. (2000). Domestication of
plants in the Old Word. The origin and spread in
West Asia, Europe and the Nile Valley. Oxford:
Oxford University Press.
Zunino, S. (2009). Type 2 diabetes and glycemic
response to grapes or grape products. The Journal of
Nutrition, 139(9), 1794–1800,doi:10.3945/jn.109.
107631

David Maghradze et al.

© 2020 International Viticulture and Enology Society  - IVES OENO One 2020, 54, 4, 849-862862


