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Among the diverse biological activities of grape stilbenoids, phytoalexin activity is important. 
Regarding to this we studied in some Georgian wine grape varieties, the correlation between the 
phytoalexin stilbenoids synthesis and the level of bacterial and fungal attacks. Presented materials 
shows the results of the study of the change of phytoalexin stilbenoids under gray mold infection in 
different microzones of Georgia: for Saperavi - Mukuzani and Napareuli, for Rkatsiteli - Tsarapi 
and Tibaani. In August 2022, we infected grape varieties with the conidial water suspension of 
Botrytis cinerea under different soil and climatic conditions, and we observed the development of 
gray mold on the grape barries in the period of August-September. In experimental vineyards trans-
resveratrol and its products - glycosides and polymeric stilbenoids in the healthy grape skins of 
Saperavi and Rkatsiteli were found. In Saperavi berries skin stilbenoids concentration was higher 
compared to Rkatsiteli berries skin. In both infected varieties the stress-metabolite phytoalexin 
stilbenoids were identified: trans-resveratrol, trans-ε-viniferin, trans-piceid, trans-astringin and cis-
piceid. Stilbenoids concentration changes were observed regarding the vine variety and soil-climatic 
factors, especially the high daily air temperature. The impact of the above mentioned factors was 
established with different experiments carried out in the lab and in natural conditions (in the 
vineyard). The received results are important data for further research to determine the stilbenoid 
biomarker of Saperavi and Rkatsiteli grapes, resistance against gray mold disease. © 2023 Bull. 
Georg. Natl. Acad. Sci. 
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Stilbenoids belong to a wide class of phenolic 
compounds. They include resveratrol and its 
derivatives (glucosides, dimers, trimers, tetramers, 
etc.) cis- and trans-isomeric forms [1]. Stilbenoids 

are characterized by several high biological acti- 
vities and among them is important the phytoalexin 
activity for the plant, especially for the grapevine. 
The most important phytoalexin stilbenoids are: 
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resveratrol [2], pterostilbene [3], piceid [4], 
viniferins [5]. Phytoalexins, under plant infection 
conditions, are actively synthesized and act against 
disease-causing microorganisms (for example 
Botrytis cinerea and Plasmopara viticola). Beside 
the biotic factors, phytoalexins also respond to 
abiotic stresses such as UV rays and AlCl3 [6,7]. 
Studied the variability of stilbenoids in the berry 
skin of red (Pinot noir, Gamay) and white 
(Chardonnay)winegrape varieties infected by 
Botrytis cinerea and treated with UV rays. All 
samples infected with B. cinerea showed a 
decreased amount of resveratrol and an increased 
concentration after UV irradiation. Pterostilbene 
was found in low concentrations in infected berries 
of Chardonnay and Gamay. Pterostilbene was also 
observed in low concentrations in grape skins by 
other authors [8]. According to Pezet and Pont [9], 
pterostilbene plays an important role in the 
resistance of immature grapes against disease-
causing microorganisms. Other authors studies the 
interaction betweenstilbenoids and Botrytis cinerea 
in gapevine. 

According to Bezhuashvili et al [10] stilbenoids 
have been identified in healthy and naturally 
diseased Georgian winegrape varieties – Rkatsiteli 
(white), Tsolikouri (white), Alexandrouli (red), 
Mujuretuli (red). Trans-resveratrol and trans-ε-
viniferin were dominant for red varieties; 
moreover, trans-resveratrol was lower than trans-
ε-viniferin in healthy grape skins, and the con- 
centration of trans-resveratrol was significantly 
higher under gray mold infection than trans-ε-
viniferin; it decreased under disease conditions 
[10]. In white wine grape varieties (Rkatsiteli and 
Tsolikouri), the main stress metabolite was trans-
resveratrol, which increased significantly in gray 
mold disease conditions [11]. The inhibitory effect 
of trans-resveratrol on Botrytis cinerea activity and 
consequently the spread of gray mold on grapes, 
has been established under laboratory conditions 
(in petri dishes) [12]. Stilbenoids had an inhibitory 
effect of the fungus- Botrytis cinerea pure culture 

in food areas placed in petri dishes and there was a 
negative correlation between the fungal 
propagation and the stilbenoids concentration 
According to Adrian et al. [13] a resveratrol 
concentration of 100 μg/ml completely inhibited 
the development of B. cinerea mycelium, while 
concentrations of pterostilbene at 20–40–60 μg/ml 
caused 50%, 80% and 100% inhibition ofB.cinerea 
mycelium development. According to Pezet and 
Pont [9] a concentration of pterostilbene of 
18 μg/ml caused a 50% inhibition of B. cinerea 
mycelium development while a concentration of 
52 μg/ml resulted in an inhibition of 52%. 

Evidences have been obtained on the capability 
of some highly pathogenic B. cinerea strains to 
circumvent the defence by detoxifying resveratrol 
through an oxidative process [14]. Other stilbe- 
noids can be detoxified by enzymatic (laccase) 
activity of B. cinerea, resulting in the release of 
compounds like pterostilbene-trans-dehydrodimer, 
pterostilbene-cis-dehydrodimer, resveratrol trans-
dehydrodimer [15]. All the physiopathological 
aspects of stilbenoids are addressed.  
 
Materials and Methods 

The objects of the study were healthy and gray 
mold-infected grape skins from Saperavi (red) and 
Rkatsiteli (white) vineyards located in viticulture 
microzones in Eastern Georgia. As concerning to 
the experiment Saperavi berries were sampled, as 
follows: a) Mukuzani microzone – from a 17-year-
old vineyard located on Eutric Cambisols and 
calcic Kastanozems type of soil, b) Napareuli 
microzone cultivated from 40 year old vineyard on 
Eutric Cambisols and calcic Kastanozems type of 
soil; Rkatsiteli grape varieties were sampled from 
a) Tsarapi microzone cultivated from 40 year old 
vineyard grown on meadow cinnamonic-calcaric 
cambisols and calcic kastanozems type of soil, b) 
Tibaani microzone – from 17 year old vineyard 
grown on cinnamonic calcareous-calcaric cam- 
bisols and calcic kastanozemstype of soil. 
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Stilbenoids containing fractions were isolated 
from healthy and diseased grape skins. Trans-res- 
veratrol and ε-viniferin were individually isolated 
from one-year-old vine shoots by ethylacetate ext- 
raction and column separation. 

Stilbenoids were determined by the method of 
highperformance liquid chromatography (HPLC) 
[17]. For this purpose, we used the chromatog- 
raph Varian; Column- Supelcosil PM LC18, 
250 x 4.6 mm; Eluents: A. 0.025% trifluoroacetic 
acid,B.Acetonitrile: A80/20. Gradient mode: 0-35 
min, 20-50% B, 48-53 min, 200% B. Flow rate of 
the eluent – 0,8 ml/min; fractions were filtered 
using a membrane filter (0.45μ) before the 
chromatographic procedure.  

Lab experiment Healthy berries of red 
winegrape varieties (V. vinifera L.) Saperavi and 
Rkatsiteli were sampled at technological maturity 
(September, 2022) in the following environments 
of Georgia: a) Saperavi berries from vineyard 
lokaled in Mukuzani and Nafareuli microzone;  
b) Rcatsiteli berries from vineyard localed in 
Tsarafi and Tibaani microzone. The experimental 
design included the following treatments: 1) berry 
pre-treatment with 5 mg/100 mL of ε-viniferin, and 
then fungal infection; 2) berry pre-treatment with 
5mg/100mL of trans-resveratrol, and then fungal 
infection; 3) control berries with fungal infection 
but without pretreatments.The pre-treatments were 
done by soaking 12 berries per variety in the 
previously described solutions (or just water in the 
case of the control), while fungal infection was 
done by spraying Botrytis cinerea conidial 
suspension over the berries placed on damp filter 
paper inside petri dishes. The fungal inoculum was 
prepared by recovering conidia from infected 
berries grown in the field.  

Vineyard experiment As concerning the 
vineyard trial, healthy clusters of Saperavi (red 
winegrape variety) and Rkatsiteli (white winegrape 
variety) from the experimental (notsprayed by 
pesticides) vineyards, located in the above-mentio- 
ned microzones were considered. An experiment 

was conducted between 11 August-28 September 
2022. The experimental design was as follows:  
1) cluster pre-treatment with 5 mg/100 mL of trans-
resveratrol and then fungal infection; 2) cluster pre-
treatment with 5 mg/100 mL ε-viniferin and then 
fungal infection; 3) control vines with fungal infec- 
tion but without any pre-treatment. while fungal 
infection was done by spraying Botrytis cinerea 
conidial suspension. 

Three clusters of different sizes were selected per 
each treatment, according to the following chart. 
 
Results and Discussion  

Considering the results of the research it should be 
noted that the accumulation of phytoalexin stilbe- 
noids in the skin of Saperavi and Rkatsiteli grapes 
is studied under the influence of abiotic (soil, air 
temperature) and biotic (gray mold – Botrytis 
cinerea) factors. In August-September of 2022 
year, in the experimental microzones, were mostly 
rainless weather and the daily air temperature 
varied in the intervals indicated in Table 1. 
 
Table 1. Daily air temperature range in experimental 
viticulture microzones 

Microzones Temperature 0C 
 August, 2022 September, 2022 

Mukuzani 25-35 22-28 
Napareuli 27-38 20-30 
Tsarapi 25-36 21-38 
Tibaani 24-37 23-29 

 
Temperature is one of the important abiotic 

factors impacting the biosynthesis of stilbenoids in 
grapevine. The inhibitory effect of high tempera- 
ture on the biosynthesis of stilbenoids has been 
established by a number of researchers [18-20]. It 
is known that the temperature of normal 
biosynthesis of resveratrol is 15-200C for prolonged 
biosynthesis 50C, and for inhibition -200C and heat 
treatment at 650C for 2 hours [21]. 

In the experimental vineyards at the indicated 
temperature in the skin of healthy Saperavi and 
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Rkatsiteli grapes resveratrol and its derivatives – in 
the form of glycosides, dimers and trimers were 
accumulated. The stilbenoid profiles are dominated 
by glucosidic forms: trans-piceide, trans-astringin 
and cis-piceide (Table 2). Phytoalexin stilbenoids: 
trans-resveratrol, trans-ε viniferin, trans-piceide, 
trans-astringin and cis-piceide were identified from 
the comparison of stilbenoids of healthy and gray 
mold-infected grape skins.  

The change of stilbenoids under infection with 
Botrytis cinerea is different.  

The special attention deserves the significant 
increase of the concentration of trans-resveratrol  
in the skin of Rkatsiteli grapes grown in the micro- 
zones of Tsarapi and Tibaani: 7.2→22.3 mg/kg and 
10.8→18.3 mg/kg. The concentration of stilbe- 
noids accumulated in the skin of healthy Saperavi 
grapes exceeds the concentration of stilbenoids in 
the skin of Rkatsiteli grapes. Moreover, the amount 
of trans-resveratrol exceeds the amount of trans-

viniferin. The concentration of trans astringin in the 
skin of Saperavi and Rkatsiteli grapes increases 
with infection, except in the Rkatsiteli variant of the 
Tibaani microzone. 

The concentration of cis-piceide increases with 
the infection of Saperavi by “Botrytis cinerea”. 

The concentration of trans-piceide increases 
with the infection of Mucuzani Saperavi, Tsarafi 
and Tibaani Rkatsiteli. 

It was tested inhibitory effect of trans-resvera- 
trol and trans-ε viniferin on the activity of the 
fungus Botrytis cinerea in laboratory and natural 
conditions in the vineyard. The results of the 
experiment are given in Tables 3,4. In lab Botrytis 
cinerea spreaded 100% on untreated Saperavi and 
Rkatsiteli berries. In pre-treated vines with trans-
resveratrol the infection was reduced to 8.3% on 
Saperavi berries and with trans-ε-viniferin the fun- 
gus did not develop at all. We obtained a similar re- 
sult in the lab regarding to the Rkatsiteli grape, but 

Table. 2. Change of Stilbenoids of grape skin of Saperavi and Rkatsiteli under Gray mold infection  

Stilbenoids, mg/kg 
Saperavi 
Mukuzani                Napareuli 

Rkatsiteli 
Tsarafi                    Tibaani 

healthy infected healthy infected healthy infected healthy infected 

trans-resveratrol 12.0 9.3 11.4 14.9 7.2 22.3 10.8 18.3 
trans- ε-viniferin 7.5 6.7 6.8 5.9 4.7 8.1 3.5 8.9 
trans-piceid 13.3 19.5 14.2 11.3 10.7 15.0 11.7 16.6 
trans- astringin 25.0 15.8 18.7 20.0 15.6 18.4 13.5 10.5 
cis-piceid 16.7 17.8 17.1 18.7 16.5 10.2 17.3 14.8 

Table 3. Lab.trial. Impact of phytoalexins stilbenoids on the gray mold infection of Saperavi and Rkatsiteli 
grape berries 

Pre-
treatments       

 Number of berries in 
each petri dish 

Number on infected 
berries in each 

Degree of infection 
(%) 

Biological efficiency 
(%) 

Saperavi Mukuzani Napareuli Mukuzani Napareuli Mukuzani Napareuli Mukuzani Napareuli 
Control 12 12 12 12 100 100 0 0 
R-
5mg/100ml          

12 12 1 1 8.3 8.3 91.7 91.7 

V-
5mg/100ml         

12 12 0 0 0 0 100 100 

Rkatsiteli Tsarapi Tibaani Tsarapi Tibaani Tsarapi Tibaani Tsarapi Tibaani 
Control 12 12 12 12 100 100 0 0 
R-
5mg/100ml          

12 12 2 1 16.7 8.3 83.3 91.7 

V-
5mg/100ml         

12 12 0 0 0 0 100 100 

*R-trans-resveratrol, V- trans-ε-viniferin 
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unlike viniferin, the grape barries in Tsarapi micro- 
zone were infected 2 times more than in Tibaani 
(Table 3) with trans-resveratrol pre-treatment. 

We obtained different results from the same 
experiments (on the same grape variety) under field 
conditions. In contrast to lab conditions Botrytis 
cinerea partially developed in the control variants. 
In pre-treatment with trans-resveratrol and trans-ε-
viniferin the degree of infection was somewhat 
reduced on Saperavi and Rkatsiteli grapes but at a 
lower extent. Similar to the results of the laboratory 
experiments trans-ε-viniferin inhibition degree was 
higher as compared to trans-resveratrol (Table 4).  

Table 4. Vineyard trial. Impact of trans-
resveratrol and trans- ε-viniferin solutions on gray 
mold infection of Saperavi and Rkatsiteli clusters 

This difference was caused most likely by high 
daily air temperature, which decreased the intensity 

of Botrytis cinerea reproduction and at the same 
time inhibited the phytoalexin ability of stilbenoids.  
 
Conclusion  
It was established the variation of phytoalexin 
stilbenoids of wine grape varieties – Saperavi 
(Mukuzani, Nafareuli) and Rkatsiteli (Tsarapi, 
Tibaani) grown in different microzones of Georgia 
under gray mold attack . It was studied the impact 
of abiotic (soil, air temperature) and biotic (Botrytis 
cinerea) factors. The presented materials are the 
research results of the first year of the 3-year project 
and are important for further research. 
 
This work was supported by Shota Rustaveli 
National Science Foundation of Georgia 
(SRNSFG) (grant number FR 21_584).   

 

Table 4. Vineyard trial. Impact of trans-resveratrol and trans- ε-viniferin solutions on gray mold infection of 
Saperavi and Rkatsiteli clusters 

Pre-
treatments       

Number of 
berries/cluster 

Number of infected 
berries  

Degree of infection  
(%) 

Biological efficiency 
(%) 

Saperavi      Mukuzani Napareuli Mukuzani Napareuli Mukuzani Napareuli Mukuzani Napareuli 
Control 81 87 41 45 50.6 51.7 49.4 48.3 

123 127 63 58 51.2 45.7 48.8 54.3 
265 260 130 135 49.1 51.9 50.9 48.1 

R-
5mg/100ml      

88 84 35 32 39.8 38.1 60.2 61.9 
135 145 50 56 37.0 38.6 63.0 61.4 
194 210 72 80 37.1 38.1 62.9 61.9 

V-
5mg/100ml     

80 89 28 32 35.0 36.0 65.0 64.0 
127 140 45 48 35.4 35.0 64.6 65.0 
180 205 62 70 34.4 34.1 65.6 65.9 

Rkatsiteli Tsarapi Tibaani Tsarapi Tibaani Tsarapi Tibaani Tsarapi Tibaani 
Control 70 75 40 40 57.1 53.3 42.9 46.7 

105 110 55 57 52.4 51.8 47.6 48.2 
155 170 83 90 53.5 52.9 48.4 47.7 

R-
5mg/100ml       

65 68 34 32 52.3 47.1 47.7 52.9 
100 103 52 52 51.0 49.5 49.0 50.5 
130 157 67 80 51.3 50.9 48.7 49.1 

V-
5mg/100ml       

67 75 32 35 47.7 46.6 52.3 53.4 
110 122 52 57 47.2 46.7 52.8 53.3 
140 148 66 69 47.1 48.0 52.9 52.0 
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ბიოქიმია 

საფერავის და რქაწითელის (Vitis vinifera L.) 
ფიტოალექსინი სტილბენოიდები, როგორც 
რეზისტენტობის ბიომარკერი ნაცრისფერი სიდამპლის 
მიმართ (Botrytis cinerea)  

მ. ბეჟუაშვილი*, ლ. ბავარესკო**, ლ. ცხვედაძე*, მ. სურგულაძე*,  
გ. შოშიაშვილი*, ნ. დარჩიაშვილი*, პ. ვაშაკიძე* 

*საქართველოს აგრარული უნივერსიტეტი, მევენახეობის და მეღვინეობის ინსტიტუტი, თბილისი, 
საქართველო 
**იტალიის წმინდა გულის კათოლიკური უნივერსიტეტი, მდგრადი მემცენარეობის დეპარტამენტი, 
პიაჩენზა, იტალია 

(წარმოდგენილია აკადემიის წევრის რ. გახოკიძის მიერ) 

ვაზის სტილბენოიდების მრავალფეროვანი ბიოლოგიური აქტივობიდან მნიშვნელოვანია ფი- 
ტოალექსინური აქტივობა. ამასთან დაკავშირებით ჩვენ მიერ შესწავლილია საქართველოს  
ზოგიერთი საღვინე ვაზის ჯიშის იმუნიტეტის კორელაცია ფიტოალექსინ სტილბენოიდებთან  
ბაქტერიული და სოკოვანი დაავადებების პირობებში. წინამდებარე მასალები კი, წარმოად- 
გენს საფერავის და რქაწითელის ფიტოალექსინი სტილბენოიდების ცვალებადობის კვლევის  
შედეგებს ნაცრისფერი სიდამპლით ინფიცირებისას მევენახეობის სხვადასხვა მიკროზონაში.  
კონკრეტულად, საფერავისთვის-მუკუზნის და ნაფარეულის, რქაწითელისთვის - წარაფის და  
ტიბაანის მიკროზონებში. აღნიშნული ვაზის ჯიშების ხელოვნური დაინფიცირება ჩავატარეთ  
2022 წლის აგვისტოში Botrytis cinerea- ს კონიდიალური წყლიანი სუსპენზიით განსხვავებულ  
ნიადაგურ-კლიმატურ პირობებში და ყურძნის მტევნებზე ნაცრისფერი სიდამპლის განვი- 
თარებას/გამრავლებას დავაკვირდით აგვისტო-სექტემბრის პერიოდში. საექსპერიმენტო მიკ- 
როზონების ვენახებში საფერავის და რქაწითელის ჯანსაღი ყურძნის კანში აღმოჩნდა სტილ- 
ბენოიდები ტრანს-რესვერატროლის და მისი წარმოებულების-გლიკოზიდების და პოლიმე- 
რული სტილბენოიდების სახით. საფერავის ყურძნის კანში დაფიქსირდა სტილბენოიდების  
რაოდენობრივი უპირატესობა რქაწითელის სტილბენოიდებთან შედარებით. ნაცრისფერი სი- 
დამპლით დაავადებულ საფერავის და რქაწითელის ყურძნის კანში სტრეს-მეტაბოლიტ ფიტო- 
ალექსინ სტილბენოიდებად გამოვლინდა: ტრანს-რესვერატროლი, ტრანს-ε-ვინიფერინი, 
ტრანს-პიცეიდი, ტრანს-ასტრინგინი და ცის-პიცეიდი. გამოვლინდა მათი ცვალებადობის და- 
მოკიდებულება ვაზის ჯიშის და ნიადაგურ-კლიმატურ ფაქტორებზე, განსაკუთრებით, აღსა- 
ნიშნავია ჰაერის დღიური მაღალი ტემპერატურა. აღნიშნული ფაქტორების გავლენა დადას- 
ტურდა ლაბორატორიულ და ბუნებრივ პირობებში-ვენახში ჩატარებული ხელოვნური დაინ- 
ფიცირების განსხვავებული ხარისხით. ექსპერიმენტის შედეგები მნიშვნელოვანი მონაცემებია  
შემდგომი კვლევების გასაგრძელებლად-საფერავის და რქაწითელის სტილბენოიდური ბიო- 
მარკერის, როგორც ნაცრისფერი სიდამპლის მიმართ რეზისტენტობის დასადგენად. 



Phytoalexin Stilbenoids of Saperavi and Rkatsiteli…  141 

Bull. Georg. Natl. Acad. Sci., vol. 17, no. 2, 2023 

REFERENCES 

1. Niesen Daniel, Hessler C. and Navindra S. P. (2013) Beyond resveratrol: a review of natural stilbenoids 
identified from 2009-2013. J.of Berry Research, 3:181-196. 

2. Langcake P., Pryce R. J. (1976) The production of resveratrol by Vitis vinifera and other members of the 
Vitaceaeas a response to infection or injury. Physiol. Plant Pathol., 9: 77-86.  

3. Langcake P., Cornford C. A., Pryce R. J. (1979) Identification of pterostilbene as a phytoalexin from Vitis 
vinifera leaves. Phytochemistry, 18:1025-1027. 

4. Waterhouse A. L., Lamuela Raventos R. M. (1994) The occurrence of piceid, a stilbene glucoside in grape 
berries.Phytochemistry, 37: 571-573. 

5. Langcake P. (1981) Disease resistance of Vitis spp and the production of the stress metabolites resveratrol, E-
viniferin, R-viniferin and pterostilbene. Physiol. Plant Pathol.,18:213-226. 

6. Adrian M., Jeandet P., Bessis R., Joubert J. M. (1996) Induction of phytoalexin (resveratrol) synthesis in 
grapevine leaves treated with aluminum chloride (AlCl3). J. Agric. Food Chem., 44:1979-1981. 

7. Adrian M. Jeandet P., Douillet-Breuil A.C., Tesson L., Bessis R. (2000) Stilbene content of mature Vitis vinifera 
berries in response to UV-C elicitation. J. Agric. Food Chem., 48: 6103-6105..  

8. Bavaresco L., Petegolli D., Cantu E., Fregoni M., Chiusa G., Trevisan M. (1997) Elicitation and accumulation of 
stilbene phytoalexins in grapevine berries infected by Botrytis cinerea. Vitis, 36 (2):77-83. 

9. Pezet R., Pont V., (1988) Mise en e´vidence de pte´rostilbe`ne dans les grappes de Vitis vinifera. Plant Physiol. 
Biochem., 26:603-607. 

10. Bezhuashvili M., Bavaresco L., Surguladze M.,Tskhvedadze L., Shoshiashvili G.,Gagunashvili L., Elanidze 
L.,Vashakidze P. (2021) Stress-metabolite stilbenoids of grape skin of varieties Aleksandrouli and Mujuretuli 
(Vitis vinifera L.) in condicion of Gray mold. Agriculture & Food, 9th International Conference, August 16-
19,Burgas, Bulgaria. 

11. Bezhuashvili M., Tskhvedadze L., Surguladze M., Shoshiashvili G., Kharadze Sh., Gagunashvili L., Elanidze 
L.,Vashakidze P. (2019) Stress-metabolitesphytoalexins -stilbenoids of grape skin Rkatsiteli variety (Vitis 
vinifera L.) in condition gray mildew. EurAsian Journal of BioSciences, 13:1-6. 

12. Bezhuashvili M., Tskhvedadze L., Surguladze M., Shoshiashvili G., Elanidze L., Vashakidze P.(2019) Impact of 
trans-resveratrol on the activity of conidium of the Botrytis cinerea. International Conference onPlant 
Physiology and Biotechnology, 5:35. May 06-07, Prague, Czech Republic. 

13. Adrian M., Jeandet P., Veneau, J., Weston L. A. and Bessis R. (1997) Biological activity of resveratrol, a 
stilbenic compound from grapevines, against Botrytis cinerea, the causal agent for gray mold. J. Chem. Ecol., 
23(7):1689-1702.  

14. Adrian M., Rajaei H., Jeandet P., Veneau J. and Bessis R. (1998) Resveratrol oxidation in Botrytis cinerea 
Conidia. Phytopathology, 88(5):472-476. 

15. Breuil A.C., Jeandet P., Adrian M., Chopin F., Pirio N., Meunier P. and Bessis R. (1999) Characterization of a 
pterostilbene dehydrodimer produced by Laccase of Botrytis cinerea. Phytopathology, 89(4):298-302. 

16. Jeandet P., Douillet-Breuil A., Bessis R., Debord S., Sbaghi M., Adrian M. (2002) Phytoalexins from the 
Vitaceae: biosynthesis, phytoalexin gene expression in transgenic plants, antifungal activity and metabolism. J. 
Agric. Food Chem., 50:2731−2741. 

17. Guebailia H. A., Chira K., Richard T., Mabrouk T. and Furiga A. (2006) Hopeaphenol: the first resveratrol 
tetrameric wines from North Africa. J.Agric. Food Chem., 54:9559-9564. 

18. Pastore C., Dal Santo S., Rienth M., Torregrosa L., Luchaire N., Chatbanyong R., Lecourieux D., Kelly M.T., 
Romieu C. ( 2017) Day and night heat stress trigger different transcriptomic responses in green and ripening 
grapevine (Vitis vinifera) fruit. Whole plant temperature manipulation affects flavonoid metabolism and the 
transcriptome of grapevine berries. Front. Plant Sci; 8:929-937. 

19. Rienth M., Torregrosa L., Luchaire N., Chatbanyong R., Lecourieux D., Kelly M.T., Romieu C.( 2014) Day and 
night heat stress trigger different transcriptomic responses in green and ripening grapevine (Vitis vinifera) 
fruit. BMC Plant Biol.,14:1–18. 

20. Wang L., An M., Huang W., Zhan J. (2019) Melatonin and phenolics biosynthesis-related genes in Vitis 
vinifera cell suspension cultures are regulated by temperature and copper stress. Plant Cell Tiss. Org. Cult., 
138:475–488.  

21. Houillé B., Besseau S., Courdavault V., Oudin A., Glévarec G., Delanoue G., Guerin L., Simkin J.A., Papon N., 
Clastre M. et al. (2015) Biosynthetic origin of E-resveratrol accumulation in grape canes during postharvest 
storage. J. Agric. Food Chem., 63:1631-1638. 

Received March, 2023 



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



