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Summary

Eno-carpological traits were evaluated in twenty
one colored and fifteen white Georgian autochthonous
grapevine varieties grown in the Skra Germplasm Re-
pository, during two years (2012 and 2013). Mostly of
the studied accessions were minor varieties originated
from various Georgian provinces. The spectropho-
tometric method proposed in the framework of the
COST action FA1003 has been adopted for total an-
thocyanin and polyphenol analyses in skin and seed ex-
tracts. The obtained results showed that the content of
phenolic compounds as well as other eno-carpological
parameters varies greatly according to the variety. In
general, the total phenol contents ranged from 546.7 to
2818.4 mg-kg! of grape, and anthocyanins varied from
49.5 to 2826.6 mg-kg' of grape. The highest content of
total phenolics and total anthocyanins was found in the
variety 'Saperavi Budeshuriseburi'.

Key words: phenotyping; polyphenols; anthocyanins;
spectrophotometer.

Introduction

Georgian grapevine germplasm accounts at least
525 autochthonous varieties (KETSKHOVELI et al. 1960,
MAGHRADZE et al. 2012) with a great diversity of morpho-
logical and agronomical characteristics. The variability of
their oenological quality and value is determined by the
concentration of biochemical compounds, including phe-
nolics, which play a major role in grape color and flavor
properties. The evaluation of the phenolic potential of dif-
ferent grape varieties is essential to characterize cultivars,
to optimize the winemaking techniques and to obtain high
quality products (GARCiA-BENEYTEZet al. 2002, MAGHRADZE
et al.2009, Vacca et al. 2009, TEIXEIRA et al. 2013). A large
number of data on grape phenolic compounds is available
in literature. However, the qualitative and quantitative
characteristics of the phenolic compounds of the Georgian
grapevine varieties are little studied, despite the publishing
of a few works on this subject (MAGHRADZE et al. 2009a,
Rossont et al. 2007).
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This study aims at the eno-carpological trait evalua-
tion of rarely spread Georgian autochthonous grapevine
varieties, in order to encourage their use in oenology or for
future breeding programs.

Material and Methods

Samples of thirty six (white and colored) autoch-
thonous grapevine varieties, originated from various prov-
inces of Georgia (Tab. 1) were collected in the Skra Germ-
plasm Repository (FAO code is GEOO15) of the Institute of
Horticulture, Viticulture and Oenology in 2012 and 2013.
The collection was established in 2008, near the Skra vil-
lage, in the Georgian viticulture and winemaking region of
Shida Kartli (41°58' 6" Northand 44°0"14" West, 640 m
above sea level). The distance between rows is 2.5 m and
the distance between vines is 1.5 m. The scheme of pruning
is double Guyot system with 12-16 winter buds/vine.

The standard phenotyping method proposed by the
COST action FA1003 "East-West Collaboration for Grape-
vine Diversity Exploration and Mobilization of Adaptive
Traits for Breeding" has been adopted for eno-carpological
evaluation of varieties (RusTioNI ef al. 2014). According to
the protocol 3 replications of representative 2 bunches for
each variety were collected at full maturity stage and ana-
lyzed. Berry skin color variability was assessed visually by
the OIV225 grape color descriptor (OIV 2007). For carpo-
logical assessment the following parameters were meas-
ured: bunch and berry weight, berry length and width, skin
weight, seed number and weight. The total soluble solids
(°Brix) was measured by a digital refractometer and titrat-
able acidity - by titration of the juice with (0.1 N) NaOH
with Bromothymol blue as the indicator.

The phenolic analysis were carried out with Unico
S2100 Visible Spectrophotometer. The absorbance for skin
total anthocyanins was measured at 540 nm using a cu-
vette with 1 cm optical path. Results were expressed as
malvidin-3-O-glucoside equivalents in mg/kg of grape.
Total polyphenols were quantified separately for skin and
seed extracts, using the Folin—Ciocalteu reaction and the
absorbance was measured at 700 nm (1 cm optical path).
The concentration of total polyphenols was expressed as
(+) catechin equivalents in mg/kg of grape.

Descriptive statistical analysis was conducted with the
program SPSS software (SPSS, Chicago, Illinois, USA)
version 22.0. Analysis was carried out in triplicate during
two (2012 and 2013) years. Measurements are given as the
mean of replicates with the standard deviations (s.d.).
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Table 1

Carpological parameters of Georgian grapevine varieties. Skra Germplasm Repository (average data of 2012 and 2013)

Berry color Berry Skin Number Seed Berry Berry Bunch
Accession name (orv weight weight  of seeds/ weight length width weight

descriptor) (® (2 berry (mg) (mm) (mm) (2
Argvetuli Sapere blue-black 2.1+0.1  0.8+0.08 2.9+04  30.4+0.5 14.5+0.7 18.0+£6.3  254.2+21.5
Aspindzura blue-black 2.0£0.2  0.840.3  2.2+0.3  35.1+1.6  14.5+0.8 13.2+0.4  188.0+£37.3
Buza blue-black 1.7+0.2  0.7+0.2 1.6+0.1 49.2+1.3 122403 12.3%0.3 89.3+3.0
ChitistvalaBodburi green-yellow  1.5£0.2  0.5£0.2  2.2+04  38.542.6  12.2+0.3 11.7£0.5 161.0+55.1
Chvartala green-yellow  2.740.7  0.6+0.2 2.0+£0.4 51.1£3.8  16.7+0.8  15.0+1.3  200.6+54.4
Danakharuli blue-black 27404 0.9+0.4 1.840.3  51.343.5 159413 14.840.9 206.8 £24.8
Didmtevana blue-black 2.8+£0.5 0.7£0.2  23+03  41.4+3.6  15.8+2.1 14.7£0.9 138.0+£31.4
Dziragoulis Shavi blue-black 34+04  0.9+0.3 2.5+0.5 345437  17.6£0.9 15.7£0.6  177.3+27.8
Ghrubela Kakhuri grey 2.7£0.3  0.740.3 22403  46.44+3.8  15.7+0.7 14.7£0.7  184.0£20.3
GvinisTsiteli blue-black 1.940.5  0.5+0.1 2.4+0.7 40.2£15.6 13.4+1.6 14.6£3.4  88.5+55.1
IkaltosTsiteli blue-black 1.740.2  0.6+0.1 1.940.3  44.6449  13.5+0.5 12.5£0.6  292.5+69.7
Jvari green-yellow  2.840.2  0.9+0.05 1.3+04 67.1£17.9 16.2+0.3 154402 207.0+27.8
Kharistvala Shavi blue-black 23+0.2  0.5+0.1 2.0£0.3  38.2+7.7 144409 13.7+04  167.6+18.7
Khikhvi green-yellow  2.2+0.3  0.7+0.1 1.6£0.3 532459  14.6+£09 13.8+1.1  106.2+23.2
Khikhvi, clone 430 green-yellow  2.1+0.3  0.5£0.09  1.5+0.1  50.5+4.8 14.3+0.8 12.6+0.8  133.5+18.4
Kishuri green-yellow  1.9+0.2  0.7+0.1 1.9+0.2  37.1£2.4  15.1£0.7 12.6£0.5 121.8+14.9
Kisi green-yellow  1.5+0.1  0.6+0.07  1.1+0.1 66.4£54  13.0£04 12.5+0.3 79.0£3.6
Ktsia blue-black 3.0£0.5 0.740.2  2.2+0.3  33.8449 17.6+4.4 15.7£0.9 401.5%192.6
Kurkena green-yellow  2.5+0.5  0.8+0.1 1.9+0.3 52.542.7  15.1+1.6  14.0+1.3  107.3+11.1
Mujuretuli blue-black 1.4£0.2  0.5+0.06 1.6£04  40.1+7.7 14.1£09 10.5+0.3  114.0+10.5
Muradouli green-yellow  2.5+0.7  0.6+£0.06  2.4+0.3 448494  153+0.3 14.7+0.3  192.3£39.0
Partala Shavi blue-black 2.1£0.9  0.6+0.08  1.440.2  49.444.1 13.940.5 13.7£04  122.5+29.5
Rkatsiteli green-yellow  2.4+0.2  0.8£0.2  2.0+0.3  48.1+1.9  16.4+0.6 13.1+2.8  237.5+22.1
Rkatsiteli Vardisperi rose 2.5+0.2  0.8+0.1 2.2+0.3 47.3+1.6  15.840.7 14.2+0.9  299.3+23.2
Sapena green-yellow  2.1+0.5  0.6+0.05  1.7+0.5 53.3+4.6  13.6+0.8 14.0+1.0  208.3%15.1
Saperavi Atenis blue-black 2.240.6  0.7+0.2 1.8+0.4 418444  15.6x1.4 13.4+1.6 171.1£57.8
Saperavi Budeshuriseburi  blue-black 1.4+0.2  0.5+0.1 1.3+0.2 40.243.5  14.3+0.8  11.5+0.9 126.6+£32
Shavtsitska blue-black 2.0£0.2  0.5£0.2 23402  33.044.0 13.6+0.5 15.6+4.9 130.6+45.9
Tavkveri Saperaviseburi blue-black 3.0£0.6  1.240.03  2.1+0.2 53.1£3.1 17.4£0.2  15.1£0.2  150.8+58.1
Tavtsitela blue-black 2.0£0.2  0.7+0.1 1.9+0.2  48.4+11.8 14.2+0.6 13.2+04  151.3+£56.9
TsirkvalisTetri green-yellow  2.3+0.1  0.7+0.06  2.0+0.3  51.14+2.7  14.8+0.3 14.2+0.5 90.6+7.3
Tsitska green-yellow  1.540.1 0.4+0.08 1.840.2  41.1+4.8  12.5£0.3 11.840.5 168.0+67.5
TsnorisTetri green-yellow  1.7£0.4  0.4+0.04  1.3+0.2 45.1+49  13.1+0.2  11.3+0.5 98.6+28.5
VazisubnisTsiteli blue-black 1.9+0.2 0.5+£0.2 2.3+0.4 49.0£3.2  13.840.3  13.2+0.7  127.0£51.1
Zerdagi green-yellow  2.9+0.4  0.9+0.09 2.240.4 51.2+4.3 17.5£0.5  16.1+0.5 104.6+8.3
ZhgiaSagviano blue-black 24+0.3  0.540.07 2.0+0.2 46.9+4.3 17.0£0.2  15.5£0.5 377.3+£76.3

Results and Discussion

The average carpological parameters for 36 Geor-
gian grapevine varieties are shown in Tab. 1. It represents
varieties with a wide range of grape colors (blue-black,
green-yellow, gray, rose) and a significant variability for
measured features. With regard to berry weight, which var-
ies from 1.4 g to 3.4 g, the smallest sized berries were re-
corded in 'Saperavi Budeshuriseburi' and 'Mujuretuli'. The
largest berries belonged to 'Dziragoulis Shavi'. There was
a significant variability between bunch average weights —
'Ktsia' had the highest average bunch weight (401 g), while
'Kisi' had the lowest one (79 g). The results of the basic
chemical composition of grapes (total soluble solids, total
acidity, total anthocyanins and total polyphenols) are pre-
sented in Tab. 2. The highest concentration of total soluble
solids (27.4 °Brix) was found in the berries of 'Mujuretuli',

while 'Ghrubela Kakhuri' showed a significantly lower
value (17.5 °Brix). In most of the varieties, total soluble
solids varied from 18.0 to 24.6 °Brix. The total acidity in
'Ktsia' and 'Jvari' was higher than in all the other varieties
(11.2 and 11.8 g'L"! of tartaric acid, respectively). 'Saperavi
Atenis' reported the lowest total acidity value (4.7 g'L! of
tartaric acid).

Tab. 2 shows the differences in the total skin anthocy-
anin contents for the 21 colored grapevine varieties. As it
was expected, two varieties, 'Rkatsiteli Vardisperi' with
pink color berries and 'Ghrubela Kakhuri' with gray color
berries, had a very low anthocyanin content (49.5 and
59.0 mg-kg!). Among other intensely colored varieties
'Saperavi Budeshuriseburi' had the highest anthocyanin
content (2826.6 mg-kg'). 'Saperavi Budeshuriseburi' -
rarely distributed variety in Kakheti region of East Geor-
gia is considered to be a clone of 'Saperavi', with much
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The basic chemical composition (total soluble solids (TSS), titratable acidity (TA), total anthocyanins (TAnt) and total phenolics (TP)
of Georgian grape varieties. Skra Germplasm Repository (average data of 2012 and 2013)

TA

Accession name oTS'S. (gL of TAnt 1 Skin TI; Seed TII’ TP contelnt
CBrix)  ortaricacid)  (meke) (mg'kg™) (mg-kg™) (mg-kg™)

Argvetuli Sapere (C) 22.0£1.9 8.9+0.4 560.6+£397.8  1107.9+423.7 86.1422.3 1194.1+442.7
Aspindzura (C) 20.8£2.0 6.0+0.4 714.2+£2103  1996.8+£552.1 133.8432.2 2130.6+574.6
Buza (C) 24.6+07 5.8+0.5 787.2£112.3  2032.8+248.6 92.2423.2 2125.14268.5
ChitistvalaBodburi (W) 24.3£1.0 5.8+0.7 - 1477.8+475.9  381.2+122.9 1858.9+£571.3
Chvartala (W) 17.6£2.3 6.3£1.6 - 827.5+95.9 93.9+44.5 921.5+138.4
Danakharuli (C) 21.0+1.4 7.1£0.7 809.9+344.6  1412.0+£512.9 54.8+23.4 1466.9+521.5
Didmtevana (C) 20.545.1 8.0+1.5 812,0£156,0 850.4+341.9 52.1+46.2 902.5+385.4
Dziragoulis Shavi (C) 18.5£0.6 7.3£0.5 446.9£225.8 883.6+355.3 46.0£12.4 929.6+363.2
Ghrubela Kakhuri (C) 17.5£0.6 6.241.3 59.0£13.9 694.0+258 70.1£20.9 764.0+253.7
GvinisTsiteli (C) 222434 7.240.3 558.1£120.8  1258.4+£269.7 191.6+45.2 1531.3£77.2
IkaltosTsiteli (C) 21.1£0.7 7.3£1.0 610.6£169.4  2094.8+417.9 187+39.5 2282.1+425.7
Jvari (W) 19.8+1.3 11.840.9 - 520.1+49.2 26.5+11.3 546.7+59.9

Kharistvala Shavi (C) 21.9+2.2 6.8£1.5 400.1£119.0  1159.7+267.4 64.6+36.9 1224.4+252.9
Khikhvi (W) 24.0+1.4 6.740.6 - 800.5+281.9 274.7+107.0 1075.2+485.5
Khikhvi, clone 430 (W) 22.840.5 6.340.3 - 938.6+400.2 97.2+26.6 1035.8+426.8
Kishuri (W) 21.9+1.9 5.2+0.2 - 847.5+150.8 103.8+22.3 951.3x164.5
Kisi (W) 22.8+1.2 8.6+1.0 - 884.8+80.3 335.9+195.3 1120.7+193.3
Ktsia (C) 17.9£1.0 11.2+0.7 706.8+229.8  1333.9£554.5 44.247.9 1378.1£553.3
Kurkena (W) 21.9+1.6 6.9+1.4 - 924.0+161.1 58.9+29.8 982.9+177.9
Mujuretuli (C) 27.440.3 8.0+0.8 842.0£342.8  1591.2+590.9 194.1£97.9 1785.4+607.4
Muradouli (W) 18.8+2.4 8.0+0.2 - 1343.6+245.9 194.0+19.4 1537.7+£260.7
Partala Shavi (C) 223429 5.9+0.6 785.5+183.4 1781.3£71.7 142.5+126.0 1923.8+152.7
Rkatsiteli (W) 20.3+0.8 6.3+0.7 - 404.7+£58.3 378.7+189.0 779+237.3

Rkatsiteli Vardisperi (C) 18.240.9 9.1+0.9 49.5+12.2 510.4+96.5 65.2£35.2 576.2+113.8
Sapena (W) 23.4+0.3 5.1£0.5 - 1129.9+236.9 94.9+39.8 1224.8+275.8
Saperavi Atenis (C) 19.2£0.9 4.740.6 758.2+125.3 1588.4+£103.2 52.2429.3 1630.8+138.4
Saperavi Budeshuriseburi (C) ~ 25.8+0.7 7.540.8 2826.6£263.2  2669.3£63.2 149.1£65.2 2818.4+128.5
Shavtsitska (C) 21.0£0.9 5.5+0.5 493.3£142.3  1007.5£327.2 84.4434.3 1091.9+328.3
Tavkveri Saperaviseburi (C) 19.6+0.4 7.1£0.5 390.6+66.8 878.9+99.9 233.5+155.0 1112.4+185.3
Tavtsitela (C) 19.5£0.9 6.740.3 358.2£103.6  1044.7+405.4 68.0+23.2 1112.7+388.7
TsirkvalisTetri (W) 19.3£0.5 9.140.5 - 1325+178.9 200.1+45.9 1525.4+224.3
Tsitska (W) 22.741.5 9.9+0.7 - 1716.4+54.1 129.9432.6 1846.4+37.6
Tsnoris Tetri (W) 212422 8.5+1.1 - 662.9+265.3 129.2+59.0 792.1£305.4
VazisubnisTsiteli (C) 23.540.6 7.2+0.4 912.3+185.8  1311.6+330.8 61.0+20.2 1372.7+336.1
Zerdagi (W) 18.3£3.8 7.0+1.0 - 809.1+121.8 33.0+13.5 842.1+132.9
ZhgiaSagviano (C) 18.0£1.6 6.3£0.3 619.1£110.6 1037.5+84.9 88.9+7.2 1126.5+90.74

(C: for colored, W: for white).

more oblong berry and earlier maturity (MAGHRADZE et al.
2012). In the other colored varieties the total extractable
anthocyanin content ranged from 358.2 to 912.3 mgkg'
of grapes.

Taking into account the Georgian winemaking tradi-
tional technique (white grapes undergo a skin, stem and
seed maceration as well as red ones) (Gronti, 2010) to-
tal polyphenols have been evaluated for both colored
and white grape varieties. Results summarized in Tab. 2
represent among all analyzed grape varieties, the highest
total polyphenol contents in the skin was found in four
colored varieties: 'Saperavi Budeshuriseburi' (2669.3
mg-kg'); 'lkaltosTsiteli' (2094.8 mg-kg'); 'Buza' (2032.8
mg-kg'); 'Aspindzura’ (1996.8 mg-kg') (Tab. 2). The skin
total polyphenol contents in colored grapes varied from

850.4 to 2669.3 mg-kg!' and in white grapes — from 404.7
to 1716.4 mgkg'. The lowest content of skin polyphe-
nols among the white varieties was recorded in 'Rkatsiteli’
(404.7 mg-kg") and the highest content was found in "Tsit-
ska' (1716.4 mgkg").

In general, in all analyzed grape varieties, the total
polyphenolic contents recoded in seeds were significant-
ly lower than the ones found in skins (Tab. 2). The seeds
of white varieties showed to have a higher polyphenolic
content in particular varieties — 'Chitistvala Bodburi'
(381.2 mg'kg"), 'Rkatsiteli' (378.7 mgkg') and 'Kisi'
(335.9 mg-kg™). In the colored varieties seed polyphenolics
ranged between 44.2 — 194.1 mg-kg ™', only 'Tavkveri Saper-
aviseburi' (233.5 mg-kg") showed relatively higher value
of extractable polyphenols. In Tab. 2 the total polyphenolic
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Table 3

Total phenolic range of colored and white Georgian grape varieties (expressed as catechin, mg per kg of grape). Skra
Germplasm Repository (average data of 2012 and 2013)

Range Berry color  Variety
Colored Rkatsiteli Vardisperi, Ghrubela Kakhuri, Didmtevana, Dziragoulis Shavi
500 - 1000 White Jvari, Rkatsiteli, TsnorisTetri, Zerdagi, Chvartala, Kishuri, Kurkena
Colored Shavtsitska, Tavkveri Saperaviseburi, Tavtsitela, Zhgia Sagviano, Argvetuli Sapere,
1000 - 1500 Kharistvala Shavi, Vazisubnis Tsiteli, Ktsia, Danakharuli
White Khikhvi, clone 430, Khikhvi, Kisi, Sapena
Colored Gvinis Tsiteli, Saperavi Atenis, Mujuretuli, Partala Shavi, Buza, Aspindzura, Ikaltos Tsiteli,
> 1500 Saperavi Budeshuriseburi
White Tsirkvalis Tetri, Muradouli, Tsitska, Chitistvala Bodburi

content represents the sum of extractable polyphenols of
the skin and seeds evaluated as in mg per kg of grape. Most
of the studied varieties have quite high content of total
polyphenolics, within the range of 546.7 mg-kg' ('Jvari')
to 2818.4 mg-kg! (‘Saperavi Budeshuriseburi'). Among
white grape varieties the highest content of total phenolics
(above the 1500 mg-kg"') was found in 'Chitistvala Bod-
buri', 'Tsitska', 'Muradouli', 'Tsirkvalis Tetri' (Tab. 3) and
among colored grape varieties in 'Gvinis Tsiteli', 'Saperavi
Atenis', 'Mujuretuli', 'Partala Shavi', 'Buza', 'Aspindzura’,
'Ikaltos Tsiteli', 'Saperavi Budeshuriseburi' (Tab. 3).

Conclusions

Georgian grapevine varieties (15 white and 21 color-
ed) showed a significant variability in the carpological and
enological characteristics. This evaluation would help a
better technological characterization of the winemaking
potential of particular rarely distributed varieties. How-
ever, reported values should be generalized with caution
since the concentration of phenolic compounds may vary
upon the grape maturity, environmental conditions, vine-
yard management and analytical methods. As all studied
varieties were planted within the same collection site, with
the same climatic and soil conditions and subjected to the
same viticultural practices, we may think that the differenc-
es in total polyphenol and total anthocyanin contents could
be mainly due to genetic differences among the varieties.
In order to assess the full range of variation in polyphenolic
compounds for Georgian grape germplasm, it is indispen-
sable to study several year yields of more varieties.
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