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Abstract. Stilbenoids are characterized by various biological activities, among which phytoalexin activity
is important. We have established the role of these compounds in the interaction between pathogens and
Georgian white and red grape varieties. Stilbenoid biomarkers of Saperavi and Rkatsiteli in Georgian
viticulture microzones have been identified as indicators of their resistance to bacterial cancer
(Agrobacterium tumefaciens), gray mold (Botrytis cinerea), and powdery mildew (Uncinula necator). The
phytoalexin activities of the main stress metabolites of Saperavi and Rkatsiteli (frans-resveratrol, trans-¢-
viniferin, cis- and trans-piceid) have been determined. The effects of relatively low concentrations of stress
metabolites, pallidol and cis-8-viniferin, on the activity of Botrytis cinerea have also been studied. The aim
of the present work was to determine the phytoalexin activity of the tetrameric derivative of resveratrol -
hopeaphenol - against some bacterial and fungal diseases. The phytoalexin activity of hopeaphenol was
determined against the bacterial cancer agent — Agrobacterium tumefaciens, the gray mold pathogen —
Botrytis cinerea, and the powdery mildew pathogen — Uncinula necator under in vitro (laboratory)
conditions. Using a water suspension of 5 mg/100 ml of hopaphenol, the biological effectiveness against
gray mold for Saperavi was 91.7%, for Rkatsiteli 83.3%. Against powdery mildew, it was 91.7% for
Saperavi and 75% for Rkatsiteli. The inhibition of different Agrobacterium tumefaciens strains (weak,
medium and strong) was related to the concentration of hopeaphenol. © 2026 Bull. Natl. Acad. Sci. Georg.

Keywords: Saperavi, Rkatsiteli, phytoalexins, stilbenoids, hopeaphenol

Introduction localized in different parts of the vine: shoots,

. . . canes, trunk, cluster stems, grape skin, pulp and
Grape stilbenoids are represented by the dominant grap puip

. . . . seeds. Italian scientists have studied stilbenoids in
cis- and trans-isomeric forms of resveratrol and its

. .. the shoots of 2 i ieti hich
derivatives (Riviere et al.,, 2012; Pawlus et al., ¢ shoots of 23 grapevine varieties, which are

2012). These biologically active compounds are quantitatively mainly present in the form of resve-

© 2026 Bull. Natl. Acad. Sci. Georg.
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ratrol and e-viniferine, compared to other stilbe-
noids of lower concentration. The content of
stilbenoids in the shoots of the studied varieties
ranged from 2700 mg/kg to 6400 mg/kg. A strong
influence of the vine variety on the concentration of
stilbenoids was revealed (Noviello et. al., 2022).
According to some researchers, the content of
stilbenoids in grapevine shoots reaches up to 10
g/kg (Houillé et. al.,, 2015). Seven grapevine
varieties shoots from the Veneto region of Italy
were studied for stilbenoid accumulation. The main
stilbenoids were trans-resveratrol, trans-piceatan-
nol, and #rans-e-viniferin. The influence of pruning
time and vine variety factors was confirmed (De
Bona et. al., 2020).

Trans-resveratrol, trans-e-viniferin, and 2 tetra-
meric stilbenoids — one of which is hopeaphenol,
were isolated and identified for the first time from
the Georgian wine grape variety Rkatsiteli
(Bezhuashvili, 1994). Guebailia H. A., et al. (2006)
first identified hopeaphenol in North African
wines. Among the diverse biological activities of
grapevine stilbenoids, phytoalexin activity against
fungal and bacterial diseases is important, which
has been confirmed by numerous studies. The most
important phytoalexin stilbenoids are: resveratrol
(Langcake et al., 1976), pterostilbene (Bavaresco et
al., 1997), piceid (Waterhouse et al., 1994), vinife-
rins (Flamini et al., 2016). Adrian et al. (2000) stu-
died 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.

The antimicrobial activity of stilbenoids has
been established in in vifro experiments against the
sporulation of Plasmopara viticola. The most toxic
were found to be: d-viniferin, e-viniferin, the tetra-
mers viticin-B and hopeaphenol (Schnee et. al.,
2013; Chalal et. al., 2014). Richard et al. (2016)
studied the phytoalexin activity of grapevine stilbe-
noid extract against downy mildew (Plasmopara
viticola) sporulation under greenhouse and vine-

yard conditions. Infection of grapevine leaves

Bull. Natl. Acad. Sci. Georg., 20(194), no. 1, 2026

treated with stilbenoids was suppressed by 83-88%
in the greenhouse and to a less extent up to 57% in
the vineyard. The optimal concentration of stilbe-
noid extract for sporulation inhibition was deter-
mined to be 100 mg/L.

According to Bezhuashvili et al. (2023, 2024),
the positive role of stilbenoids against bacterial
cancer and fungal diseases — powdery mildew and
gray mold of Georgian white and red grape varie-
ties was demonstrated. As a result of our in vitro
and in vivo studies in some viticultural micro-
zones of Georgia, the stilbenoids were correlated to
the resistance of Saperavi (in Mukuzani and Napa-
reuli microzones) and Rkatsiteli (in Tsarapi and
Tibaani microzones) to gray mold and powdery
mildew. The mentioned compounds were represen-
ted by the following main stilbenoids: trans-
resveratrol, cis-resveratrol, trans-piceid, cis-piceid,
trans-astringin, cis-astringin, trans-e-viniferin.
trans-Resveratrol and trans-e-viniferin were impo-
rtant stress metabolite stilbenoids of vine trunks
under Crown gall infection of Saperavi and Rkatsi-
teli (Bezhuashvili et al., 2024). We continued the
experiments in that direction, by focusing on the
activity of resveratrol tetramer- hopeaphenol in
Saperavi and Rkatsiteli vine trunks infected by
Agrobacterium tumefaciens, grape skins infected
by Botrytis cinerea and Uncinula necator under in

vitro conditions.

Materials and Methods

The experimental design included healthy and gray
mold-artificially infected grape skins of Saperavi
(red) and Rkatsiteli (white) varieties, grown in
some areas of Eastern Georgia, as follows: Saperavi
in vineyards located in Mukuzani (vines 17-year-
old) and Napareuli (vines 40 year old); Rkatsiteli —
in vineyards located in Tsarapi (vines 40 year old)
and Tibaani (vines 17 year old). Berries and trunks
samplings were done at harvest (2024).

Stilbenoids containing fractions were isolated
from healthy and infected vine trunk and grape skins

by extraction ethylacetate and separation on the se-
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phadex G 50. Hopeaphenol were individually isola-
ted from ethyl acetate extract by column separation.

Stilbenoids were determined by the method of
high performance liquid chromatography (HPLC)
(Guebailia et al., 2006).

Lab-in vitro-experiment. Healthy and infected
vine trunks, berries of winegrape varieties (V. Vini-
fera L.) Saperavi and Rkatsiteli were sampled at
technological maturity (September, 2024) in the
locations described above; the experimental design
included the following treatments: 1) berry pre-
treatment with 1mg/100 mL, 3 mg/100 mL and
5mg/100 ml of hopeaphenol, followed by the
infection with Botrytis cinerea and Uncinula
necator; 2) 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 and Uncinula
necator 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.

We isolated stilbenoids containing fractions
from the healthy and artificially infected trunks of
Saperavi and Rkatsiteli vines from experimental
vineyard. We determined the impact of hopeaphe-
nol on the activity of Agrobacterium tumefaciens in
vitro. The experiment was carried out in the petri
dishes on the food area — Potato Dextrose Agar. As
a control variant, a water suspension of a pure
culture of Agrobacterium tumefaciens (a strong
pathogenic strain) was directly applied on the food
area. In the experimental variants, pre-treated food
area with a water suspension of hopeaphenol was
used. Then the pure culture of the bacteria was
applied on the food area, closed Petri dishes were
placed in a thermostat at 37°C and the growth and
development of bacteria during the incubation

period was observed.

Results and Discussion

Physiological and stress metabolic concentrations
of hopeaphenol were found to be slightly different
in the Saperavi and Rkatsiteli trunks, except for the
Tibaani microzone in Rkatsiteli. Hopeaphenol con-
centration increases under infection of bacterial

cancer in Saperavi as compared to Rkatsiteli.

Table 1. Change of concentration of hopeaphenol (g/kg) in vine trunks of healthy and infected vines depending

on the variety and the location

Location
Saperavi Rkatsiteli
Stilbenoid Mukuzani Napareuli Tsarapi Tibaani
Health Infected Health Infected Health Infected Health Infected
Hopeaphenol 0.20 0.31 0.10 0.24 0.12 0.10 0.87 0.27

Table 2. Change of concentration of hopeaphenol (g/kg) in grape skin of healthy and infected by fungal diseases

grapes depending on the variety and the location

Location
Saperavi Rkatsiteli
) ) Gray mold (Botrytis cinerea) Gray mold (Botrytis cinerea)

Stilbenoid Mukuzani Napareuli Tsarapi Tibaani

Health Infected Health Infected Health Infected Health Infected
Hopeaphe 3.25 7.90 3.05 433 4.40 5.60 1.25 5.69
nol Powdery mildew (Uncinula necator) Powdery mildew (Uncinula necator)

Health Infected Health Infected Health Infected Health Infected

4.59 2.05 4.77 4.21 3.57 2.17 1.42 2.93

Bull. Natl. Acad. Sci. Georg., vol. 20(194), no. 1, 2026
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Table 3. Effect of hopeaphenol concentration on the activity of pathogenic strains of Agrobacterium tumefaciens

. i Watery suspension of hopeaphenol

Pathogenic strains mg/100ml 3mg/100ml Smg/100ml
Saperavi (Mukuzani/Napareuli) Bacterial multiplication, %, relative to food area
Weak 50/55 20/23 0/0
Medium 70/70 35/32 11
Strong 90/87 40/42 12
RKkatsiteli (Tsarapi/Tibaani) 1mg/100ml 3mg/100ml S5mg/100ml
Weak 45/43 17/20 0/0
Medium 65/68 30/35 11
Strong 75/80 37/35 12

Hopeaphenol concentration significantly decreases
in the Rkatsiteli trunks of the Tibaani microzone
(Table 1).

Hopeaphenol was detected in significantly hi-
gher concentrations in the skin of Saperavi and
Rkatsiteli grapes compared to the vine trunks. Ho-
peaphenol concentration increased in the skin of
experimental grapes infected with gray mold in all
microzones. In particular, in the skin of Tibaani
grapes, it ranged from 1.25 g/kg to 5.69 g/kg. In the
skin of infected grapes from Saperavi in the Muku-
zani microzone, the highest concentration of hopea-
phenol was 7.90 g/kg. Different variations of hope-
aphenol were detected in Saperavi and Rkatsiteli
grape skins infected with powdery mildew. Speci-
fically, the concentration of hopeaphenol decreased
in all experimentally infected organs. The excep-
tion was the infected skin of the Tibaani microzone
Rkatsiteli grape, in which hopeaphenol was
observed from 1.42 g/kg to 2.93 g/kg (Table 2).

100% 91.70%
90% 83.30%

80% 75% 75%
70% 66.70%
60%
50%
40%
30%
20%
10%
0%

Rkatsiteli, Gray mold
® 3 mg/100 ml

83.30%

Saperavi, Gray mold
®m 1 mg/100 ml

5 mg/100 ml

The development and spread of pure and
pathogenic strains of Agrobacterium tumefaciens
isolated in the lab from Saperavi and Rkatsiteli
grapevine strains was found to depend on the
concentration of hopeaphenol. Specifically, water
suspension of hopaephenol at a concentration of 5
mg/100 ml completely inhibits the spread of the
weak strain. The moderately pathogenic strain has
a prevalence of 1%, while the highly pathogenic
strain isolated from the Saperavi strain of the
Mukuzani microzone has a prevalence of 1%. The
strain from the Napareuli microzone has a
prevalence of 2%. A similar result was observed for
pathogenic strains isolated from Rkatsiteli- Tsarapi
microzone spread by 1% and from Tibaani by 2%.
The growth of pathogens of all three strengths in
the food area treated with each concentration of the
water suspension of hopeaphenol differs slightly

depending on the microzones (Table 3).

Hopeaphenol CssH42012

Fig. 1. Biological efficiency (%) of hopeaphenol against Gray mold on Saperavi and Rkatsiteli grape berries.
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The biological effectiveness of Saperavi grape
berries treated with 5 mg/100 ml of hopeaphenol
against Botrytis cinerea infection was 91.7%, and
for Rkatsiteli it was 83.3%. Infected with Uncinula
necator, the same biological effectiveness was
observed for Saperavi and for Rkatsiteli (75%)
(Figs. 1,2).

100% 91.70%
90% 83.30%

0% T5%
70%
60%
30%
40%
30%
20%
10%
0%

Sapcravi, Powdery mildew
® 3 mg/100 ml

75.00%
67%

58.70%

Rkatsitcli, Powdery mildew
B1 mg/100 ml 5 mg/100 ml

Fig. 2. Biological efficiency (%) of hopeaphenol against
Powdery mildew on Saperavi and Rkatsiteli grape berries.
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Conclusion

For the first time was established the phytoalexin
activity of tetrameric stilbenoid hopeaphenol in
Saperavi and Rkatsiteli vine trunks and grape
skins against bacterial cancer (Agrobacterium
tumefaciens), gray mold (Botrytis cinerea) and
powdery mildew (Uncinula necator). The
presence of hopeaphenol in the stilbenoid profile
of Saperavi (Mukuzani and Napareuli) and
Rkatsiteli (Tsarapi and Tibaani) in 4 microzones
of viticulture is an indicator of the resistance of
these grape varieties against the above bacterial

and fungal diseases.
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d8omgodos

GIGH®599MHMEo BEHOWBdY6MOEO-3m3gs89bmero, LsggMsgols s
OgsHomgeols (Vitis vinifera L.) H9BolLEgbGMdolmgzol
d5gBH9M0mMEo s bem3mgsbo 535¢0gd9d0L B0

0. 3959583007, . 3356ML3M™, 3. LyyMamesdy’, . 3b3gEsdg”, 8. boMsdy’,
9. 9130533007, b. sMBROsIz00", 3. 35853009

* bogs®0939emml 58G5Goyemo 96039GLoEIA0, 9396569080 @5 G9m3069m80b 0bUHOGXIH0, 0Boerobo,

bsgs®orz9¢mm
* 0d5em00l P06 3ierols 2000m¢r0329G0 #96039GL0AIA0, IOFH@O d993965G9MB0b ©I35GHSGIEHO,
305696s, 0hs¢ros

(Ho6mmy9bowos 535¢09300L §9360L g. bo@olsdgowols doge)

bBHodEMOEIdO bLOIMPYIS 8M35¢BGOMZb0 doMEMYOMO 3dEH03MB0m, HMIIW®MS FmMols
35Bobmgol 3603369¢m35605 BoFMoErgduobr®o sdEogzmds. Bzgb dogh ©sagbowos Lbsgstron-
390mb 090M0 ©s fFomngmymdbosbo Lamgobg 3sBol x0dg80L 0dvbodgEol 3MMIMWsE0s BoGm-
3em9Jlob UE0EBEMOEYIMIB. 33BLsBOZOMES LsgsGmggmml 993965bgmdol dozHmbmbyddo
293039099900 LsxIMg0L s MJsfiomgaols EowdYbMoEMMO BoMBsM3gMIBd0, Hrymema 95000
©9BobLEYBGHMIOL doB3z96909000, d5gBHIM0o 30dmL (Agrobacterium tumefaciens), bogMobegzgmo
Lbosd3eol (Botrytis cinerea) s 6sg®ol (Uncinula necator) 30956G0m. ©5©39b0gos bsgggMsgols
©5> OFofomgeol doGomso LEMIL-39E0MmEoE0 BEH0EBYPEMOEIdOL: EHMBL-MglggMoEHM-
@ob, GHMsbL-e-3060839M060L, FoL-s BHGBL-303g0OL BoGmMowgiobmmo sg@ogzgmdgdo. slg3g
99bfogeoos 3semoEmeols s (30L-8-306089Mobols Bgdmddgpgds Botrytis cinerea-li sg@ogm-
85%g. {0bsdgdsmyg 6586HMAol J0BIBL FsMmIMagbs MHYH3gMsGHMmMEOl GgEMsdghmmo Fo6-
9090ol-3m3g58396mmol BoGmoegdlobm®o sgd@03mdol sEagbs Bmaogmmo dsgd@gmoremo
5 bm3m3360 393500900l 0@ in vitro (sdMMEGHMOGOVIES®). 0B 3,m3gsggbmanols
30GM3yJuobMo 5dEHogzmds B3gdEgMmoMEo 308mb gsdmafiggzo — Agrobacterium tumefaciens-ob,
Bogmobgg®o Losd3eol 3odmdfzggo — Botrytis cinerea-bl s BsgMoL §s0mdf3gg30 — Uncinula
necator-ols 909s60m. 3m3950396mols 593/1000¢ 36396@MoEo0L fyosbo Lmlidgbbool gsdm-
g49bgdom, domemaor®ds 98gJBH0BMdI Lsggmsgolmgol bsgolggmo Losddemol dodsto
89500065 91,7%, GJsfomgmologol 83,3%, bsg@ol obssmdwgy 30, Lsggmsgolbmgol — 91,7%,
Odsfomgmolmgol — 75%. d5JBHgMorEo 30dmbogols Agrobacterium tumefaciens-ols boybEo,
bs9mserm s derogMo 33sdgdol g93MEgemgdol 0630d0Mmgds dmbs 3m3gsngbmmols 3mbggb@ms-
30519 50300070 YI0.
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	Grape stilbenoids are represented by the dominant cis- and trans-isomeric forms of resveratrol and its derivatives (Riviere et al., 2012; Pawlus et al., 2012). These biologically active compounds are localized in different parts of the vine: shoots, canes, trunk, cluster stems, grape skin, pulp and seeds. Italian scientists have studied stilbenoids in the shoots of 23 grapevine varieties, which are quantitatively mainly present in the form of resve-ratrol and ɛ-viniferine, compared to other stilbe-noids of lower concentration. The content of stilbenoids in the shoots of the studied varieties ranged from 2700 mg/kg to 6400 mg/kg. A strong influence of the vine variety on the concentration of stilbenoids was revealed (Noviello et. al., 2022). According to some researchers, the content of stilbenoids in grapevine shoots reaches up to 10 g/kg (Houillé et. al., 2015). Seven grapevine varieties shoots from the Veneto region of Italy were studied for stilbenoid accumulation. The main stilbenoids were trans-resveratrol, trans-piceatan-nol, and trans-ɛ-viniferin. The influence of pruning time and vine variety factors was confirmed (De Bona et. al., 2020).
	Trans-resveratrol, trans-ɛ-viniferin, and 2 tetra-meric stilbenoids – one of which is hopeaphenol, were isolated and identified for the first time from the Georgian wine grape variety Rkatsiteli (Bezhuashvili, 1994). Guebailia H. A., et al. (2006) first identified hopeaphenol in North African wines. Among the diverse biological activities of grapevine stilbenoids, phytoalexin activity against fungal and bacterial diseases is important, which has been confirmed by numerous studies. The most important phytoalexin stilbenoids are: resveratrol (Langcake et al., 1976), pterostilbene (Bavaresco et al., 1997), piceid (Waterhouse et al., 1994), vinife-rins (Flamini et al., 2016). Adrian et al. (2000) stu-died 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.
	The antimicrobial activity of stilbenoids has been established in in vitro experiments against the sporulation of Plasmopara viticola. The most toxic were found to be: δ-viniferin, ɛ-viniferin, the tetra-mers viticin-B and hopeaphenol (Schnee et. al., 2013; Chalal et. al., 2014). Richard et al. (2016) studied the phytoalexin activity of grapevine stilbe-noid extract against downy mildew (Plasmopara viticola) sporulation under greenhouse and vine-yard conditions. Infection of grapevine leaves treated with stilbenoids was suppressed by 83-88% in the greenhouse and to a less extent up to 57% in the vineyard. The optimal concentration of stilbe-noid extract for sporulation inhibition was deter-mined to be 100 mg/L.
	According to Bezhuashvili et al. (2023, 2024), the positive role of stilbenoids against bacterial cancer and fungal diseases – powdery mildew and gray mold of Georgian white and red grape varie-ties was demonstrated. As a result of our in vitro and in vivo studies in some viticultural micro-zones of Georgia, the stilbenoids were correlated to the resistance of Saperavi (in Mukuzani and Napa-reuli microzones) and Rkatsiteli (in Tsarapi and Tibaani microzones) to gray mold and powdery mildew. The mentioned compounds were represen-ted by the following main stilbenoids: trans-resveratrol, cis-resveratrol, trans-piceid, cis-piceid, trans-astringin, cis-astringin, trans-ɛ-viniferin. trans-Resveratrol and trans-ɛ-viniferin were impo-rtant stress metabolite stilbenoids of vine trunks under Crown gall infection of Saperavi and Rkatsi-teli (Bezhuashvili et al., 2024). We continued the experiments in that direction, by focusing on the activity of resveratrol tetramer- hopeaphenol in Saperavi and Rkatsiteli vine trunks infected by Agrobacterium tumefaciens, grape skins infected by Botrytis cinerea and Uncinula necator under in vitro conditions.
	Materials and Methods 
	The experimental design included healthy and gray mold-artificially infected grape skins of Saperavi (red) and Rkatsiteli (white) varieties, grown in some areas of Eastern Georgia, as follows: Saperavi in vineyards located in Mukuzani (vines 17-year-old) and Napareuli (vines 40 year old); Rkatsiteli – in vineyards located in Tsarapi (vines 40 year old) and Tibaani (vines 17 year old). Berries and trunks samplings were done at harvest (2024).
	Stilbenoids containing fractions were isolated from healthy and infected vine trunk and grape skins by extraction ethylacetate and separation on the se-phadex G 50. Hopeaphenol were individually isola-ted from ethyl acetate extract by column separation.
	Stilbenoids were determined by the method of high performance liquid chromatography (HPLC) (Guebailia et al., 2006). 
	Lab-in vitro-experiment. Healthy and infected vine trunks, berries of winegrape varieties (V. Vini-fera L.) Saperavi and Rkatsiteli were sampled at technological maturity (September, 2024) in the locations described above; the experimental design included the following treatments: 1) berry pre-treatment with 1mg/100mL, 3mg/100mL and 5mg/100ml of hopeaphenol, followed by the infection with Botrytis cinerea and Uncinula necator; 2) 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 and Uncinula necator 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. 
	We isolated stilbenoids containing fractions from the healthy and artificially infected trunks of Saperavi and Rkatsiteli vines from experimental vineyard. We determined the impact of hopeaphe-nol on the activity of Agrobacterium tumefaciens in vitro. The experiment was carried out in the petri dishes on the food area – Potato Dextrose Agar. As a control variant, a water suspension of a pure culture of Agrobacterium tumefaciens (a strong pathogenic strain) was directly applied on the food area. In the experimental variants, pre-treated food area with a water suspension of hopeaphenol was used. Then the pure culture of the bacteria was applied on the food area, closed Petri dishes were placed in a thermostat at 37ºC and the growth and development of bacteria during the incubation period was observed.
	Results and Discussion
	Physiological and stress metabolic concentrations of hopeaphenol were found to be slightly different in the Saperavi and Rkatsiteli trunks, except for the Tibaani microzone in Rkatsiteli. Hopeaphenol con-centration increases under infection of bacterial cancer in Saperavi as compared to Rkatsiteli. Hopeaphenol concentration significantly decreases in the Rkatsiteli trunks of the Tibaani microzone (Table 1).
	Hopeaphenol was detected in significantly hi-gher concentrations in the skin of Saperavi and Rkatsiteli grapes compared to the vine trunks. Ho-peaphenol concentration increased in the skin of experimental grapes infected with gray mold in all microzones. In particular, in the skin of Tibaani grapes, it ranged from 1.25 g/kg to 5.69 g/kg. In the skin of infected grapes from Saperavi in ​​the Muku-zani microzone, the highest concentration of hopea-phenol was 7.90 g/kg. Different variations of hope-aphenol were detected in Saperavi and Rkatsiteli grape skins infected with powdery mildew. Speci-fically, the concentration of hopeaphenol decreased in all experimentally infected organs. The excep-tion was the infected skin of the Tibaani microzone Rkatsiteli grape, in which hopeaphenol was observed from 1.42 g/kg to 2.93 g/kg (Table 2).
	The development and spread of pure and pathogenic strains of Agrobacterium tumefaciens isolated in the lab from Saperavi and Rkatsiteli grapevine strains was found to depend on the concentration of hopeaphenol. Specifically, water suspension of hopaephenol at a concentration of 5 mg/100 ml completely inhibits the spread of the weak strain. The moderately pathogenic strain has a prevalence of 1%, while the highly pathogenic strain isolated from the Saperavi strain of the Mukuzani microzone has a prevalence of 1%. The strain from the Napareuli microzone has a prevalence of 2%. A similar result was observed for pathogenic strains isolated from Rkatsiteli- Tsarapi microzone spread by 1% and from Tibaani by 2%. The growth of pathogens of all three strengths in the food area treated with each concentration of the water suspension of hopeaphenol differs slightly depending on the microzones (Table 3).
	The biological effectiveness of Saperavi grape berries treated with 5 mg/100 ml of hopeaphenol against Botrytis cinerea infection was 91.7%, and for Rkatsiteli it was 83.3%. Infected with Uncinula necator, the same biological effectiveness was observed for Saperavi and for Rkatsiteli (75%) (Figs. 1,2).
	/
	Fig. 2. Biological efficiency (%) of hopeaphenol against Powdery mildew on Saperavi and Rkatsiteli grape berries.
	Conclusion
	For the first time was established the phytoalexin activity of tetrameric stilbenoid hopeaphenol in Saperavi and Rkatsiteli vine trunks and grape skins against bacterial cancer (Agrobacterium tumefaciens), gray mold (Botrytis cinerea) and powdery mildew (Uncinula necator). The presence of hopeaphenol in the stilbenoid profile of Saperavi (Mukuzani and Napareuli) and Rkatsiteli (Tsarapi and Tibaani) in 4 microzones of viticulture is an indicator of the resistance of these grape varieties against the above bacterial and fungal diseases.
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[bookmark: OLE_LINK1]Abstract. Stilbenoids are characterized by various biological activities, among which phytoalexin activity is important. We have established the role of these compounds in the interaction between pathogens and Georgian white and red grape varieties. Stilbenoid biomarkers of Saperavi and Rkatsiteli in Georgian viticulture microzones have been identified as indicators of their resistance to bacterial cancer (Agrobacterium tumefaciens), gray mold (Botrytis cinerea), and powdery mildew (Uncinula necator). The phytoalexin activities of the main stress metabolites of Saperavi and Rkatsiteli (trans-resveratrol, trans-ɛ-viniferin, cis- and trans-piceid) have been determined. The effects of relatively low concentrations of stress metabolites, pallidol and cis-δ-viniferin, on the activity of Botrytis cinerea have also been studied. The aim of the present work was to determine the phytoalexin activity of the tetrameric derivative of resveratrol - hopeaphenol - against some bacterial and fungal diseases. The phytoalexin activity of hopeaphenol was determined against the bacterial cancer agent – Agrobacterium tumefaciens, the gray mold pathogen – Botrytis cinerea, and the powdery mildew pathogen ‒ Uncinula necator under in vitro (laboratory) conditions. Using a water suspension of 5 mg/100 ml of hopaphenol, the biological effectiveness against gray mold for Saperavi was 91.7%, for Rkatsiteli 83.3%. Against powdery mildew, it was 91.7% for Saperavi and 75% for Rkatsiteli. The inhibition of different Agrobacterium tumefaciens strains (weak, medium and strong) was related to the concentration of hopeaphenol. © 2026 Bull. Natl. Acad. Sci. Georg.
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Introduction

Grape stilbenoids are represented by the dominant cis- and trans-isomeric forms of resveratrol and its derivatives (Riviere et al., 2012; Pawlus et al., 2012). These biologically active compounds are localized in different parts of the vine: shoots, canes, trunk, cluster stems, grape skin, pulp and seeds. Italian scientists have studied stilbenoids in the shoots of 23 grapevine varieties, which are quantitatively mainly present in the form of resve-
ratrol and ɛ-viniferine, compared to other stilbe-
noids of lower concentration. The content of stilbenoids in the shoots of the studied varieties ranged from 2700 mg/kg to 6400 mg/kg. A strong influence of the vine variety on the concentration of stilbenoids was revealed (Noviello et. al., 2022). According to some researchers, the content of stilbenoids in grapevine shoots reaches up to 10 g/kg (Houillé et. al., 2015). Seven grapevine varieties shoots from the Veneto region of Italy were studied for stilbenoid accumulation. The main stilbenoids were trans-resveratrol, trans-piceatan-
nol, and trans-ɛ-viniferin. The influence of pruning time and vine variety factors was confirmed (De Bona et. al., 2020).

Trans-resveratrol, trans-ɛ-viniferin, and 2 tetra-
meric stilbenoids – one of which is hopeaphenol, were isolated and identified for the first time from the Georgian wine grape variety Rkatsiteli (Bezhuashvili, 1994). Guebailia H. A., et al. (2006) first identified hopeaphenol in North African wines. Among the diverse biological activities of grapevine stilbenoids, phytoalexin activity against fungal and bacterial diseases is important, which has been confirmed by numerous studies. The most important phytoalexin stilbenoids are: resveratrol (Langcake et al., 1976), pterostilbene (Bavaresco et al., 1997), piceid (Waterhouse et al., 1994), vinife-
rins (Flamini et al., 2016). Adrian et al. (2000) stu-
died 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.

The antimicrobial activity of stilbenoids has been established in in vitro experiments against the sporulation of Plasmopara viticola. The most toxic were found to be: δ-viniferin, ɛ-viniferin, the tetra-
mers viticin-B and hopeaphenol (Schnee et. al., 2013; Chalal et. al., 2014). Richard et al. (2016) studied the phytoalexin activity of grapevine stilbe-
noid extract against downy mildew (Plasmopara viticola) sporulation under greenhouse and vine-
yard conditions. Infection of grapevine leaves treated with stilbenoids was suppressed by 83-88% in the greenhouse and to a less extent up to 57% in the vineyard. The optimal concentration of stilbe-
noid extract for sporulation inhibition was deter-
mined to be 100 mg/L.

According to Bezhuashvili et al. (2023, 2024), the positive role of stilbenoids against bacterial cancer and fungal diseases – powdery mildew and gray mold of Georgian white and red grape varie-
ties was demonstrated. As a result of our in vitro and in vivo studies in some viticultural micro-
zones of Georgia, the stilbenoids were correlated to the resistance of Saperavi (in Mukuzani and Napa-
reuli microzones) and Rkatsiteli (in Tsarapi and Tibaani microzones) to gray mold and powdery mildew. The mentioned compounds were represen-
ted by the following main stilbenoids: trans-resveratrol, cis-resveratrol, trans-piceid, cis-piceid, trans-astringin, cis-astringin, trans-ɛ-viniferin. trans-Resveratrol and trans-ɛ-viniferin were impo-
rtant stress metabolite stilbenoids of vine trunks under Crown gall infection of Saperavi and Rkatsi-
teli (Bezhuashvili et al., 2024). We continued the experiments in that direction, by focusing on the activity of resveratrol tetramer- hopeaphenol in Saperavi and Rkatsiteli vine trunks infected by Agrobacterium tumefaciens, grape skins infected by Botrytis cinerea and Uncinula necator under in vitro conditions.



Materials and Methods 

The experimental design included healthy and gray mold-artificially infected grape skins of Saperavi (red) and Rkatsiteli (white) varieties, grown in some areas of Eastern Georgia, as follows: Saperavi in vineyards located in Mukuzani (vines 17-year-old) and Napareuli (vines 40 year old); Rkatsiteli – in vineyards located in Tsarapi (vines 40 year old) and Tibaani (vines 17 year old). Berries and trunks samplings were done at harvest (2024).

Stilbenoids containing fractions were isolated from healthy and infected vine trunk and grape skins by extraction ethylacetate and separation on the se-
phadex G 50. Hopeaphenol were individually isola-
ted from ethyl acetate extract by column separation.

Stilbenoids were determined by the method of high performance liquid chromatography (HPLC) (Guebailia et al., 2006). 

Lab-in vitro-experiment. Healthy and infected vine trunks, berries of winegrape varieties (V. Vini-
fera L.) Saperavi and Rkatsiteli were sampled at technological maturity (September, 2024) in the locations described above; the experimental design included the following treatments: 1) berry pre-treatment with 1mg/100mL, 3mg/100mL and 5mg/100ml of hopeaphenol, followed by the infection with Botrytis cinerea and Uncinula necator; 2) 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 and Uncinula necator 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. 

We isolated stilbenoids containing fractions from the healthy and artificially infected trunks of Saperavi and Rkatsiteli vines from experimental vineyard. We determined the impact of hopeaphe-
nol on the activity of Agrobacterium tumefaciens in vitro. The experiment was carried out in the petri dishes on the food area – Potato Dextrose Agar. As a control variant, a water suspension of a pure culture of Agrobacterium tumefaciens (a strong pathogenic strain) was directly applied on the food area. In the experimental variants, pre-treated food area with a water suspension of hopeaphenol was used. Then the pure culture of the bacteria was applied on the food area, closed Petri dishes were placed in a thermostat at 37ºC and the growth and development of bacteria during the incubation period was observed.



Results and Discussion

Physiological and stress metabolic concentrations of hopeaphenol were found to be slightly different in the Saperavi and Rkatsiteli trunks, except for the Tibaani microzone in Rkatsiteli. Hopeaphenol con-
centration increases under infection of bacterial cancer in Saperavi as compared to Rkatsiteli. Hopeaphenol concentration significantly decreases in the Rkatsiteli trunks of the Tibaani microzone (Table 1).Table 1. Change of concentration of hopeaphenol (g/kg) in vine trunks of healthy and infected vines depending on the variety and the location 







Stilbenoid

Location



Saperavi

Rkatsiteli



Mukuzani

Napareuli



Tsarapi

Tibaani



Health

Infected

Health

Infected

Health

Infected

Health

Infected

Hopeaphenol

0.20

0.31

0.10

0.24

0.12

0.10

0.87

0.27



Table 2. Change of concentration of hopeaphenol (g/kg) in grape skin of healthy and infected by fungal diseases grapes depending on the variety and the location 







Stilbenoid

Location



Saperavi

Gray mold (Botrytis cinerea)

Rkatsiteli

Gray mold (Botrytis cinerea)



Mukuzani

Napareuli

Tsarapi

Tibaani



Health

Infected

Health

Infected

Health

Infected

Health

Infected

Hopeaphe

nol

3.25

7.90

3.05

4.33

4.40

5.60

1.25

5.69



Powdery mildew (Uncinula necator)

Powdery mildew (Uncinula necator)



Health

Infected

Health

Infected

Health

Infected

Health

Infected



4.59

2.05

4.77

4.21

3.57

2.17

1.42

2.93





Table 3. Effect of hopeaphenol concentration on the activity of pathogenic strains of Agrobacterium tumefaciens

Pathogenic strains

Watery suspension of hopeaphenol



1mg/100ml

3mg/100ml

5mg/100ml

Saperavi (Mukuzani/Napareuli) 

Bacterial multiplication, %, relative to food area

Weak

50/55

20/23

0/0

Medium

70/70

35/32

1/1

Strong

90/87

40/42

1/2

Rkatsiteli (Tsarapi/Tibaani)

1mg/100ml

3mg/100ml

5mg/100ml

Weak

45/43

17/20

0/0

Medium

65/68

30/35

1/1

Strong

75/80

37/35

1/2





Hopeaphenol was detected in significantly hi-
gher concentrations in the skin of Saperavi and Rkatsiteli grapes compared to the vine trunks. Ho-
peaphenol concentration increased in the skin of experimental grapes infected with gray mold in all microzones. In particular, in the skin of Tibaani grapes, it ranged from 1.25 g/kg to 5.69 g/kg. In the skin of infected grapes from Saperavi in ​​the Muku-
zani microzone, the highest concentration of hopea-
phenol was 7.90 g/kg. Different variations of hope-
aphenol were detected in Saperavi and Rkatsiteli grape skins infected with powdery mildew. Speci-
fically, the concentration of hopeaphenol decreased in all experimentally infected organs. The excep-
tion was the infected skin of the Tibaani microzone Rkatsiteli grape, in which hopeaphenol was observed from 1.42 g/kg to 2.93 g/kg (Table 2).[image: ]

Fig. 1. Biological efficiency (%) of hopeaphenol against Gray mold on Saperavi and Rkatsiteli grape berries.



The development and spread of pure and pathogenic strains of Agrobacterium tumefaciens isolated in the lab from Saperavi and Rkatsiteli grapevine strains was found to depend on the concentration of hopeaphenol. Specifically, water suspension of hopaephenol at a concentration of 5 mg/100 ml completely inhibits the spread of the weak strain. The moderately pathogenic strain has a prevalence of 1%, while the highly pathogenic strain isolated from the Saperavi strain of the Mukuzani microzone has a prevalence of 1%. The strain from the Napareuli microzone has a prevalence of 2%. A similar result was observed for pathogenic strains isolated from Rkatsiteli- Tsarapi microzone spread by 1% and from Tibaani by 2%. The growth of pathogens of all three strengths in the food area treated with each concentration of the water suspension of hopeaphenol differs slightly depending on the microzones (Table 3).

The biological effectiveness of Saperavi grape berries treated with 5 mg/100 ml of hopeaphenol against Botrytis cinerea infection was 91.7%, and for Rkatsiteli it was 83.3%. Infected with Uncinula necator, the same biological effectiveness was observed for Saperavi and for Rkatsiteli (75%) (Figs. 1,2).



[image: ]

Fig. 2. Biological efficiency (%) of hopeaphenol against Powdery mildew on Saperavi and Rkatsiteli grape berries.



Conclusion

For the first time was established the phytoalexin activity of tetrameric stilbenoid hopeaphenol in Saperavi and Rkatsiteli vine trunks and grape skins against bacterial cancer (Agrobacterium tumefaciens), gray mold (Botrytis cinerea) and powdery mildew (Uncinula necator). The presence of hopeaphenol in the stilbenoid profile of Saperavi (Mukuzani and Napareuli) and Rkatsiteli (Tsarapi and Tibaani) in 4 microzones of viticulture is an indicator of the resistance of these grape varieties against the above bacterial and fungal diseases.
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ბიოქიმია

ტეტრამერული სტილბენოიდი-ჰოპეაფენოლი, საფერავის და რქაწითელის (Vitis vinifera L.) რეზისტენტობისთვის ბაქტერიული და სოკოვანი დაავადებების მიმართ

მ. ბეჟუაშვილი*, ლ. ბავარესკო**, მ. სურგულაძე*, ლ. ცხვედაძე*, შ. ხარაძე*, 
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 გ. ხატისაშვილის მიერ)

სტილბენოიდები ხასიათდება მრავალფეროვანი ბიოლოგიური აქტივობით, რომელთა შორის ვაზისთვის მნიშვნელოვანია ფიტოალექსინური აქტივობა. ჩვენ მიერ დადგენილია საქართ-
ველოს თეთრი და წითელყურძნიანი საღვინე ვაზის ჯიშების იმუნიტეტის კორელაცია ფიტო-
ალექსინ სტილბენოიდებთან. განსაზღვრულია საქართველოს მევენახეობის მიკროზონებში გავრცელებული საფერავის და რქაწითელის სტილბენოიდური ბიომარკერები, როგორც მათი რეზისტენტობის მაჩვენებელი, ბაქტერიული კიბოს (Agrobacterium tumefaciens), ნაცრისფერი სიდამპლის (Botrytis cinerea) და ნაცრის (Uncinula necator) მიმართ. დადგენილია საფერავის და რქაწითელის ძირითადი სტრეს-მეტაბოლიტი სტილბენოიდების: ტრანს-რესვერატრო-
ლის, ტრანს-ɛ-ვინიფერინის, ცის-და ტრანს-პიცეიდის ფიტოალექსინური აქტივობები. ასევე შესწავლილია პალიდოლის და ცის-δ-ვინიფერინის ზემოქმედება Botrytis cinerea-ს აქტივო-
ბაზე. წინამდებარე ნაშრომის მიზანს წარმოადგენდა რეზვერატროლის ტეტრამერული წარ-
მოებულის-ჰოპეაფენოლის ფიტოალექსინური აქტივობის დადგენა ზოგიერთი ბაქტერიული და სოკოვანი დაავადების მიმართ in vitro (ლაბორატორიულად). დადგინდა ჰოპეაფენოლის ფიტოალექსინური აქტივობა ბაქტერიული კიბოს გამომწვევი – Agrobacterium tumefaciens-ის, ნაცრისფერი სიდამპლის გამომწვევი – Botrytis cinerea-ს და ნაცრის გამომწვევი – Uncinula necator-ის მიმართ. ჰოპეაფენოლის 5მგ/100მლ კონცენტრაციის წყლიანი სუსპენზიის გამო-
ყენებით, ბიოლოგიურმა ეფექტიანობამ საფერავისთვის ნაცრისფერი სიდამპლის მიმართ შეადგინა 91,7%, რქაწითელისთვის 83,3%, ნაცრის წინააღმდეგ კი, საფერავისთვის – 91,7%, რქაწითელისთვის – 75%. ბაქტერიული კიბოსთვის Agrobacterium tumefaciens-ის სუსტი, საშუალო და ძლიერი შტამების გავრცელების ინჰიბირება მოხდა ჰოპეაფენოლის კონცენტრა-
ციაზე დამოკიდებულებით.
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