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Vitis vinifera is a plant that presents important biological 
properties. 

The main by-products after vinification are:
Stems, seeds and skin (altogether named as pomace).

Grape 
stems

Berries



The research on by-products of grapes and wines 
involves the following stages:

Isolation of extracts containing bioactive compounds.

Chemical characterization of the extracts.

Assessment of the biological activity of the extracts 
and individual bioactive compounds.

Development of food supplements or biofunctional 
foods using grape bioactive extracts.
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This was the first and biggest study on the chemical 
characteristics and biological properties of the Greek 
grape varieties and wines.

Participant research organisations:
University of Thessaly (Dept. of Biochemistry & 

Biotechnology), Agricultural University of Athens, 
National & Kapodistrian University of Athens (Dept. of 
Pharmacy), National Hellenic Research Institute

Research Aims:
i.

 

Qualitative and quantitative recording of bioactive 
compounds found in Greek grape varieties and wines.

ii.

 

Assessment of the biological activity of the bioactive 
compounds.

iii.

 

Development of a methodology for the fast 
identification of bioactive compounds in grapes.

iv.

 

Development of the effects of viticulture and 
vinification methods on the biological properties of 

i
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Grape extracts rich in bioactive polyphenols
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•
 

Methanolic grape pomace extracts rich in polyphenols  inhibit ROS-induced 
mutagenicity.

•However, individual polyphenols such as trans-resveratrol and quercetin 
enhance ROS-induced mutagenicity.

•
 

The antimutagenic effects of grape extracts rich in polyphenols
 

may be due 
not to specific polyphenols but to a synergism between polyphenols and/or 
between polyphenols and other phytochemical compounds. 





•
 

Grape pomace extracts rich in polyphenols exhibited pro-oxidant activity not in 
normal cells but only in those being under the genotoxic pressure of an oxidant 
agent (mitomycin-C).

•This selective pro-oxidant activity is thought to be an important chemopreventive 
mechanism, because it may lead to apoptosis, a programmed cell death, which 
eliminates cells showing a genomic instability.



POLYPHENOLS FROM GRAPE POMACE PROTECT POLYPHENOLS FROM GRAPE POMACE PROTECT 
LUNG PROTEIN SPLUNG PROTEIN SP--A A 

FROM OZONEFROM OZONE--INDUCED OXIDATION INDUCED OXIDATION 



•Collaboration with the Medical School of the Pennsylvania State University 
(USA).

•The experimental system for in vitro ozone exposure of proteins,
 

cells and 
animals. 

•This system delivers precisely controlled flow rates of gases (filtered air with 5% 
carbon dioxide saturated with water vapor at 370C) to the exposure vessels with 
precise ozone concentrations. 

•SP-A protein samples were exposed to ozone (1 ppm) for 4 h.



•
 

Grape pomace polyphenols protect SP-A protein, a molecule that plays an 
important role in normal lung function and innate host defense, from ozone-

 induced oxidation. 

•Grape pomace polyphenols may be used to prevent the detrimental effects of air 
pollutants on the lung.





•
 

Grape extracts from different parts (stems, skin, berries) of the plant 
modify the activity of important antioxidant enzymes.





•In this study, the effects of a grape pomace extract on the redox status of cells 
was assessed with flow cytometry.

•
 

In cell biology, flow cytometry is a laser-based, biophysical technology 
employed in cell counting, cell sorting and biomarker detection by suspending 
cells in a stream of fluid and passing them by an electronic detection apparatus. 

•It allows simultaneous multiparametric analysis of the physical and chemical 
characteristics of up to thousands of cells per second.



•Grape pomace extract improved redox status in muscle cells 
(C2C12):
•Reduced ROS levels 
•

 
Increased GSH, levels, the most important antioxidant molecule in 

cells
• Reduced lipid peroxidation
• Reduced protein oxidation



•Grape pomace extract protected muscle cells (C2C12) from        
ROS-induced oxidative stress:
•Reduced ROS levels 
• Increased GSH, levels
• Reduced lipid peroxidation
• Reduced protein oxidation



•Grape pomace extract improved redox status in endothelial cells:
•Increased GSH, levels, the most important antioxidant molecule in 
cells
• Reduced protein oxidation



•Grape pomace extract protected endothelial cells from ROS-induced 
oxidative stress:
•Increased GSH, levels, the most important antioxidant molecule in 
cells
• Reduced lipid peroxidation
• Reduced protein oxidation



•This is one of the first studies examining the antioxidant and 
anticarcinogenic activity of extracts from grape stems, a scarcely 
investigated by-product.



•
 

Stem extracts from Greek grape varieties exhibit strong free radical 
scavenging activities which are comparable to those of extracts from 
seeds and pomace.



•
 

Stem extracts from Greek grape varieties protect from ROS-induced 
DNA damage. 



•
 

The IC50 values of grape stem extracts against ROS-induced DNA 
damage was comparable to those of grape seeds and pomace.



•
 

Grape stem extracts inhibit growth of liver (A) and cervical cancer (B) 
cell  at very low concentrations suggesting that they could be used as 
chemopreventive agents.





•
 

Grape stem extracts inhibit in vitro angiogenesis suggesting that they 
could be used as anticancer agents.



•
 

The anti-angiogenic effects of grape stem extracts are exerted through 
induction of apoptosis and inhibition of VEGF protein, the most 
important pro-angiogenic factor. 

•
 

Grape stem extract-induced VEGF inhibition is regulated by a HIF-1 
independent mechanism. 





•
 

Stem extracts from Greek  grape varieties inhibit in vitro glycogen 
phosphorylase activity suggesting anti-diabetic properties.  



•
 

IC50 values of grape stem extracts against glycogen phosphorylase 
were at low concentrations.



•
 

Crystallography analysis showed that the most potent polyphenol
 accounting for the inhibition of glycogen phosphorylase was quercetin. 

The accommodation of quercetin at the 
glycogen phosphorylase surface.

 

 
Charged residues are indicated by a 
coloring scheme from blue (positive) to 
red (negative).

The dimer of glycogen phosphorylase 
with quercetin bound (the cofactor PLP 
is also shown to mark the active site of 
the enzyme).



DEVELOPMENT OF BIOFUNCTIONAL FOODS USING BY-PRODUCTS 
OF VINIFICATION

Flour containing grape pomace 
extract

•
 

The spin-off company (K-Meditura) of the University of Thessaly developed a 
biofunctional  flour containing grape pomace extract with antioxidant activity. 

•A biofunctional food is a natural or processed food that apart from its 
conventional  nutritious function, has an additional function (often one related to 
health-promotion or disease prevention) by adding bioactive compounds.

•These extra functions of a biofunctional food give it a high added value.

Grape pomace extract from 
Mandilaria Santorini variety 
incorporated in flour 



By-products from vinification are used for making food supplements.

For example, food supplements named as ‘grape seed extracts’ are 
consumed worldwide for their beneficial properties, especially the 
antioxidants, on human health. 



However, most of the studies regarding by-products from grapes refer 
to extracts from seeds. 

Our studies provide a strong evidence that apart from seeds, grape 
pomace and stems can be used for making food supplements or 
biofunctional foods.

Especially, grape stems, a scarcely investigated byproduct produced 
in large amounts, approximately 5% of the original grape material. 

The amount of grape stems produced during the vinification process 
in Greece is estimated about 5000 tons per year.



Our studies have shown that grape stem and pomace extracts are rich 
in polyphenols and possess strong antioxidant and chemopreventive 
properties.

Grape stems and pomace derived from the vinification process are
usually used for animal feed and making natural organic fertilizers 
(compost) which constitute processes of limited economical interest.

Moreover, wine waste including stems and pomace cause 
environmental problems.

Thus, the potential exploitation of grape stem and pomace extracts for 
developing food supplements or biofunctional foods of high added
value is particularly interesting because this combines the profitable 
venture with environmental protection close to wine-producing zones.



THANK YOU
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