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ABSTRACT 
 
External stimuli such as microbial infections, ultraviolet radiation, and chemical stressors can 
modulate the synthesis of polyphenols in the plants. Cv. ‘Refošk’ was used to show the 
influence of the GLRaV-1 and rugose wood (RW) on the polyphenols in grape. The infection 
shifted polyphenols from seeds to grape skins but had no impact on anthocyanins. 
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IZVLEČEK 
 

VPLIV VIRUSNIH BOLEZNI NA VSEBNOST POLIFENOLOV GROZDJA SORTE 
'REFOŠK'b 

 
Zunanji dejavniki, kot so okužbe z mikrobi, ultravijolično sevanje in kemični dejavniki vplivajo 
na tvorbo polifenolov v rastlinah. Na primeru sorte 'Refošk' smo poskušali ugotoviti vpliv 
GLRaV-1 in bolezni razbrazdanja lesa (RW) na vsebnost polifenolov v grozdju. Bolezni 
vplivata na prerazporeditev polifenolov iz pečk v kožice, nimata pa vpliva na antociane 
grozdja. 
 
Ključne besede: vinska trta, Vitis vinifera, virusne bolezni, polifenoli 
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1   INTRODUCTION 
 
Polyphenols have attracted much attention recently due to their role in prevention of 
illnesses such as heart diseases and diseases of cardiovascular system whose causes 
are in the oxidation of LDL (low density lipoproteins) (Rice-Evans et al., 1997). The 
anti-viral functioning of polyphenols is very well known (Serkedjieva and Ivancheva, 
1999). Diseases and even ageing can occur due to molecular damages caused by 
harmful free radicals – side metabolic products, which however, can be neutralized by 
antioxidants. Oxidants comprise the vitamins E and C as well as polyphenols  
(Whitehead et al., 1995; Hu et al., 2000), which are present in grape and wine in large 
amounts. 
 
Polyphenols play a vital role in the growth and propagation of plants and protect plant 
tissue from damage (Gutmann and Feucht, 1994). They neutralise free radicals and 
thus protect biologically vital molecules from oxidation. Polyphenols are a part of a 
complex immunity system, which can be acquired in the tissues under stress (Feuch, 
1994). The plants cannot, contrary to animals, synthesize antibodies but they can 
produce numerous substances  - phytoalexins. Those are secondary metabolites, 
which inhibit and kill pathogenic organisms (Bennett and Wallsgrove, 1994). In 
addition, polyphenols protect plants against insects and herbivorous mammals 
(Harborne, 1995). 
 
The response to fungus diseases and bacterial diseases in grapevine has been well 
investigated (Robert et al., 2001). The species of the genus Vitis, which contain larger 
amounts of polyphenols (e.g. Vitis rotundifolia) are more resistant to infections 
caused by downy mildew (Plasmopara viticola Berl. & de Toni) and when infected 
they produce larger amounts of polyphenols than varieties which are more susceptible 
(Dai et al., 1994). A positive correlation between the content of catechin in grape and 
resistance to grey mould (Botrytis cinerea Pers.) has been discovered. (Goetz et al., 
1999). In grape infected by powdery mildew (Oidium tuckeri Berk.) the synthesis of 
trans-resveratrol increases especially due to the synthesis of anthocyanins (Piermattei 
et al., 1999). 
 
However, little do we know about the influence of viruses on the content of 
polyphenols in plants. Some authors (Kaur et al., 1989; Kaur et al., 1991; Baruah and 
Chowfla, 1994) suggest that there are higher contents of polyphenols present in 
healthy plants. Higher contents of secondary metabolites in healthy plants protect the 
plants from infection. On the contrary, Kumar (1991), Sharma and Chowfla (1991) as 
well as Suresh et al., (1991) state that there are higher amounts of total polyphenols in 
virus infected plants. 
 
The first researcher to investigate the influence of viruses on the content of grapevine 
polyphenols was Borgo (1991). According to his discoveries there were lower 
amounts of total polyphenols present in the grape cultivars ‘Merlot’, ‘Cabernet Franc’ 
and ‘Cabernet Sauvignon’, which were infected with the GLRaV-3 than in those 
which were not infected and therefore healthy. The ripening of the grape of infected 
vine was delayed because there was less sugar in the infected vine than in the healthy 
one. Later, Guidoni et al., (1997) also discovered lower contents of polyphenols in the 
skins of ‘Nebiolo’ grape which was infected with the GLRaV-3 and GVA than in 
those which were not infected. The amounts of polyphenols in the grape skins of cv. 
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‘Grignolino’ infected with GLRaV-1 and GVA were lower than the contents of 
polyphenols in the grape skins of healthy ones. 
 
 
2  MATERIAL AND METHODS 
 
In the vintage of 2000 we aimed to investigate the influence of the GLRaV-1 infection and 
rugose wood disease on the contents of polyphenols in the skins and seeds of cv. ‘Refošk’ 
grafted on ‘SO4’. Three plants with rougose wood symptoms, three plants infected with 
GLRaV-1 and five healthy plants were chosen for analysing. The crop was measured by 
counting the bunches of grapes, measuring the yield weight per vine, and determining the 
contents of sugar and titrable acids.  
 
Spectrophotometric methods 
 
To control the grape and wine quality the spectrophotometric methods are still applied since 
they are efficient, repeatable, and in comparison with the HPLC methods, cheaper. They 
provide accurate information on the content and type of polyphenols (Vrhovšek et at., 2001). 
The extracts for spectrophotometric analyses of polyphenols were gathered according to the 
method created by Mattivi et al. (2002). The two extractions, from the seeds and from the 
skins, were performed separately. The published spectrophotometric methods were applied 
(Di Stefano et al., 1989) in conditions optimised by Rigo et al. (2000). The following 
parameters were defined: 
 
Total polyphenols: They were defined with the application of the Folin-Ciocalteu method 
(Sigleton and Rossi, 1965), under optimal conditions previously described by Di Stefano and 
Guidoni (1989).  
 
Proanthocyanidin: They were defined through the transformation into cyanidin (Di Stefano et 
al., 1989). Such a method is applied especially when determining high molecular 
proanthocyanidins. 
 
Index of vanillin: The method designed by Broadhurst and Jones (1978), is based on the fact 
that especially low-molecular flavonoids (catechin and low-molecular proanthocyanidins) in a 
acid environment react with vanillin and produce a coloured product which features maximum 
absorbance at 500 nm. In grape the reaction between catechin and proanthocyanins and 
vanillin is measured under conditions described by Di Stefano et al. (1989).  
 
Total anthocyanins: Anthocyanins were determined according to maximum absorbance in 
visible range (536 - 540 nm) against a blank (solution: ethanol/water/HCl 70:30:1) (Di Stefano 
et al., 1989).  
 
HPLC analysis of the anthocyanin profile in the grape skins 
 
The extracts intended for the HPLC analysis were prepared according to the method applied 
in the Dipartamento Laboratorio Analisi e Ricerche, Istituto Agrario di San Michele, in Italy, 
where the samples were analysed (Mattivi, 2001). With the HP 1090 Liquid Chromatograph 
(Agilent, Palo alto, CA) the following anthocyanins were analysed: 
- delphinidin-3-monoglucoside, 
- cyanidin-3-monoglucoside, 
- petunidin-3-monoglucoside, 
- peonidin-3-monoglucoside, 
- malvidin-3-monoglucoside 
- acylated form of anthocyanins, their  p-coumarat and malvidin-3-caffeoylmonoglucoside. 
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3  RESULTS AND DISCUSSION 
 
Spectrophotometric analysis 
 
Total polyphenols (mg/kg (+) catechin): The content of total polyphenols in seeds 
does not depend on the sanitary status of the grapevine. The content of total 
polyphenols is higher in seeds when the content of polyphenols in skins is lower, 
consequently, the total polyphenols in seeds and skins reach similar values in both 
infected and healthy vines (Table 1). It can be concluded that viral infections do not 
affect the synthesis of polyphenols but have effects on the distribution of polyphenols 
in a grape berry.  
 
Table 1: Effect of GLRaV-1 and rugose wood disease on extractable polyphenols of 

grapevine skins and seeds of cv. ‘Refošk’. 
 

  Healthy (-) Vines infected 
with GLRaV-1 

Rugose wood 
symptoms RW 

Skins 686.4 (598.5)a 657.3 741.3 
Seeds 738.2 (619.7) 618.3 543.3 Total phenols  

mg/kg (+) catechin Total 1428.6 (1218.2) 1275.6 1284.6 
Skins 723.2 (628.2) 761.0 874.0 
Seeds 759 (647.0) 590.0 523.3 

Proanthocyanidins 
mg/kg (+) cyanidin 

Total 1483.0 (1275.2) 1351.0 1397.3 

Skins 217.8 290.0 307.3 
Seeds 751.8 695.3 603.3 Index of vanillin 

mg/kg (+) catechin Total 969.6 985.3 910.6 

Total anthocyanins 
mg/kg 

Skins 619.4 503.3 574.0 

a without the outlier 
 
Among the healthy samples there is one outlier. The sample which had a high amount 
of polyphenols differed from others in that its yield was very low. The yield weight 
influences the sugar content in grape (Fig 1) which is a precursor of acetil-CoA from 
which polyphenols are synthetized (Taiz and Zeiger, 1998; Heldt, 1997). In our 
research sugar had impact on the total polyphenols content which can explain 71 % 
variability among the samples (Fig 2). The vines infected with the GRLaV-1 had on 
average by 36 % lower yield. The vines with rugose wood had by 34 % lower yield 
than the healthy ones do (Tomažič et al., 2000) Consequently, the content of 
polyphenols is affected. It is better to reduce the yield with ampelotechnique and thus 
improve the quality of grape. To establish the true influence of viruses on polyphenols 
the experiment should be rerun in the grapevine producing the same yield but having 
a different sanitary status.  
 
Proanthocyanidins (mg/kg cyanidin): The contents of proanthocyanidins did not differ 
between the healthy and infected vines. And it was obvious that in the vines infected 
with a virus the proanthocyanidins were shifted from seeds to skins. 
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Figure 1: Effect of crop/vine on grape sugar content of healthy and infected vines of 

cv. ‘Refošk’. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2:  Effect of grape sugar content on total phenols of grapevine skins of healthy 

and infected vines of cv. ‘Refošk’. 
 
Index of vanilline (mg/kg (+) catechin): With the index of vanilline no differences 
between the healthy and infected vines (in the content of low-molecular 
proanthocyanins) were noted. The repositioning of proanthocyanidins between skins 
and seeds is evident. The infected vines, compared to healthy ones, exhibited more 
low-molecular proanthocyanidins in the skins, and less in the seeds. 
 
Total anthocyanins (mg/kg): The content of total anthocyanins in healthy grapevine 
does not differ from the content in infected ones. However, Mannini et al. (1998) 
discovered lower contents of anthocyanins in cv. ‘Grignolino’ infected with the 
GLRaV-1 and GVA, and in cv. ‘Nebiolo’ infected with the GLRaV-3 and GVA, than 
in the healthy cultivars. Less polyphenols were detected also in the grapevine infected 
with powdery mildew (Piermattei et al., 1999). The occurrence of lower contents of 
anthocyanins in grape of infected vine can be ascribed to the competition of the 
enzymes for the two substrates (p-coumaroyl-CoA and malonyl-CoA) which are 
essential in both the formation of anthocyanins and the production of resveratrol 
(Jeandet et al., 1995). It is interesting to note that the content of total anthocyanins is 
the lowest in the vine infected with the GLRaV-1, which causes reddening of the 
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leaves. Guidoni et al. (1997) measured higher contents of anthocyanins in the leaves 
of the vine infected with the GLRaV-1 and GVA than in the leaves of the healthy 
vine. They explain the event by eventual disturbance in transition of anthocyanins 
from leaves to berries.  
 
HPLC analysis of the anthocyanins profile (mg/kg of berries) 
 
In the analysis of the anthocyanins profile no differences were noted between the 
healthy and infected vines. Guidoni et al. (1997) who observed the alterations in the 
anthocyanins profile during the time of ripening of cv. ‘Nebiolo’ discovered no 
significant differences among individual anthocyanidins. They discovered that the 
accumulation of anthocyanins occurred faster in the healthy vines than in ones 
infected with the GLRaV-3 and GVA. The profile of anthocyanins is genetically 
determined and is often used in cultivar classifications (Mattivi et al., 1989; Bucelli et 
al., 1995). This, however, would not be possible if the profile tended to change due to 
viral infections. 
 
 
4  CONCLUSIONS 
 
The examination of the influence of viruses on grape polyphenols shows that viral 
infections have different effects on the plant than the infections caused by other 
pathogenic organisms which induce higher production of polyphenols. Pannazio and 
Roggero (1998) stated that there had not been a case of a plant acquiring resistance 
against systemic virus infection. Antioxidants are produced in viral infections only 
when the infected tissue becomes hypersensitive. Hypersensitivity does not disturb 
replication but it causes the decay of the tissue around the infection and thus limits the 
expansion into other cells. The infected tissue produces salicylic acid which induces 
the accumulation of lipid prooxidants through free radicals of salicylic acid. They 
induce the expression of defence genes (Anderson et al., 1998). It is also possible that 
in the place of infection oxidation conditions occur due to the reduction in 
antioxidative enzymes activities. This triggers the accumulation of free radicals and 
the peroxidation of lipids what leads to the tissue decay. When the production of 
oxidized derivatives is enlarged the genes which code antioxidative enzymes are 
induced to limit the decay of the tissue around the necrosis (Fodor et al., 1997). 
 
The outcomes of the research show that the GLRaV-1 infection and roguse wood 
cause the polyphenols to shift from seeds into the grape skins but the content of total 
polyphenols in seeds and skins stays the same. In the previous research only the total 
contents of polyphenols contained in both seeds and skins together were analysed, 
therefore the differences between the content in seeds and the content in skins were 
not discovered. The content of polyphenols in grape is affected also by sugar whose 
content depends on the yield weight. To achieve a more accurate determination of the 
virus influence on the content of polyphenols it would be necessary to rerun the 
experiment in the grapevine with the same yield weight. The content of total 
anthocyanins in the grape skins does not differ between the infected and healthy ones 
analysed in the research. This, however, does not comply with the results of the two 
viruses GLRaV-3 and GVA (Manini et al., 1998). It could be ascribed to the specific 
activity of individual viruses. Virus diseases do not affect the anthocyanins profile in 
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grape therefore the use of the anthocyanins profile in the cultivar classifications has 
been proved to be correct.   
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