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This study is about contents of antioxidant components in some selected samples of dealcoholised wine. Some im-
portant antioxidants are identified, i. e. gallic acid, caftaric acid, catechin, epicatechin, cis-resveratrol, rutin, quercitrin, 
quercetin and others. Furthermore antioxidant activity, content of total polyphenols, flavanols, and hydroxycinnamic 
acid were investigated. Contents of polyphenolic compounds ranged from 178 to 1159 mg/l, values of antioxidant 
activity from 49 to 548 mg/l. Based on obtained results, it was possible to conclude that contents of antioxidant com-
ponents in samples of dealcoholised and "normal wine" were similar.
Keywords: antioxidant activities, dealcoholised wine, HPLC, polyphenolic compounds

Polyphenolgehalte in entalkoholisiertem Wein. Diese Arbeit beschäftigt sich mit den Gehalten antioxidativer Ver-
bindungen in einigen ausgewählten Proben von entalkoholisiertem Wein. Einige wichtige Antioxidantien werden 
identifiziert: Gallussäure, Caftarinsäure, Catechin, Epicatechin, Cis-Resveratrol, Rutin, Quercitrin, Quercetin und 
andere. Weiters wurden die antioxidative Aktivität und die Gehalte an Gesamtpolyphenolen, Flavanolen und Hy-
droxyzimtsäure untersucht. Der Gehalt an Polyphenolen reichte von 178 bis 1159 mg/l, die Werte der antioxidativen 
Aktivität von 49 bis 548 mg/l. Die Ergebnisse zeigen, dass die Gehalte an antioxidativen Verbindungen in den Proben 
von entalkoholisiertem und "normalem" Wein ähnlich waren.
Schlagwörter: antioxidative Aktivität, entalkoholisierter Wein, HPLC, Polyphenole
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In recent years, consumers have changed their require-
ments concerning the current assortment of beverages 
supplied to and available on the market. In general, the 
demand for light fruit juices containing lower amounts 
of alcohol has increased and this change forced the wine 
industry to diversify production and to develop new ty-
pes of beverages. Due to this change in the demand for 
dealcoholised wine, it has already become one of tho-
se products more and more frequently available on the 
market of these beverages.
Epidemiological studies on the demand for alcoholic be-
verages indicate that a moderate consumption of wine 
is associated with a reduced risk of the occurrence of is-
chaemic cardiovascular disease and/or Diabetes mellitus 
(Ronksley et al., 2011). In a prospective study Wan-
namethee et al. (2003) mentioned that the association 
of a moderate consumption of alcohol with a reduced 
risk of the occurrence of these diseases is manifested at 
most in the group of those patients who consumed pre-
dominantly wine. This means that some of the perfor-
med clinical studies document that the consumption of 
wine (and, especially, of red wines) could reduce the risk 
of the occurrence of cardiovascular diseases (Fremont, 
2000; Goldberg et al., 1996; Valsa et al., 1995; Xu et 
al., 1998). The problem, if just the content of alcohol 
in wine shows positive effects on the human organism 
and the health condition of people, is being widely di-
scussed nowadays. On the one hand, some studies (Di 
Castelnuovo, 2009; Rimm et al., 1999) highlight its 
positive effects on the health state of people, whereas 
some others (Corrao, 2004; Corrao, 2000; Di Cas-
telnuovo et al., 2002) emphasise the negative ones on 
the other hand. Conventional wine, however, cannot be 
enjoyed by everyone just because it contains alcohol.
These are the main reasons why bioactive substances 
contained usually in food in low concentrations are stu-
died so intensively; of them, just phenolic compounds 
represent the most important group (Bouchenak and 
Lamri-Senhadji, 2013). Phenolic compounds show 
above all unique antioxidant effects (Rop et al., 2011b; 
Sochor et al., 2014). Wines containing higher amounts 

of these substances and showing positive effects on hu-
man health are mentioned at most (De Nisco et al., 
2013; Ginjom et al., 2013).
The aim of this study was to determine contents of some 
antioxidants in samples of dealcoholised wine. The au-
thors tried to highlight a comparable (or even a higher) 
biological value and positive effects of dealcoholised 
wine on humans and their health.

MATERIAL AND METHODS

BIOLOGICAL MATERIAL

Three different wine samples were tested experimental-
ly:
A – white wine made of the variety 'Müller-Thurgau'; 
B - rosé wine made of the variety 'Zweigeltrebe'; C - 
red wine made also of the variety 'Zweigeltrebe'. Wine 
samples originated from the winery Vinselekt Mich-
lovský a.s. (Rakvice, Czech Republic).
Dealcoholisation was performed by vacuum evaporation 
technology from the Australian company Flavourtech 
(Griffith, Australia); each wine was dealcoholised to 
the alcohol contents of 0.1 % and 5 %, respectively. This 
technology works by the principle of vacuum evaporati-
on at a temperature of 30 °C. Wine aroma is collected in 
the initial phase of dealcoholisation, so that in the final 
phase it can be re-added unaltered in original condition. 
There is a partial dealcoholisation in this initial phase, 
because most of the volatile aromatic substances are 
chemically alcohol. Therefore, it is not possible to re-add 
all the wine aroma, which has been removed in the first 
phase, because the definition of "non-alcoholic" is not to 
exceed 0.5 % alcohol.

SPECTROPHOTOMETRIC ANALYSES

Total contents of phenols, anthocyanins and flavonols in 
wine were determined by spectrophotometry and antio-
xidant activity by the DPPH method. Samples were ana-
lysed in a HELIOS Gama spectrophotometer (Thermo 
Scientific, Waltham, MA, USA).
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DETERMINATION OF THE ANTIOXIDANT 
ACTIVITY

Spectrophotometric measurements of the antioxidant 
activity were carried out using the BS-400 automa-
ted chemical analyser (Mindray, Shenzhen City, Chi-
na). Transfer of samples and reagents was provided by 
a robotic arm equipped with a dosing needle (error of 
dosage max. ± 5 %vol.). Immediately after addition of 
reagents or samples, cuvette contents were mixed in an 
automatic mixer including a stirrer. This method was 
published by Sochor et al. (2010). A 150 µl volume 
of the reagent (0.095 mM 2,2-diphenyl-1-picrylhydra-
zyl ‒ DPPH•) was incubated with altogether 15 µl of the 
sample. The absorbency was measured at 505 nm for 10 
min. The method was calibrated using the phenolic com-
pound gallic acid as a standard and the obtained results 
were expressed as equivalents of gallic acid in mg/l.

DETERMINATION OF THE TOTAL CONTENT 
OF POLYPHENOLS

The Folin-Ciocalteu method, based on the reduction 
of a phosphotungsten-phosphomolybdate complex by 
phenols to blue reaction products was used to determi-
ne the content of phenolic compounds. The sample (0.5 
ml) was pipetted into a cuvette and diluted with ACS wa-
ter (1.5 ml). Subsequently, 50 µl of the Folin-Ciocalteu 
reagent were added and the solution was incubated at 22 
°C for 30 min. The absorbency was measured using a du-
al-beam SPECORD 210 spectrophotometer (Carl Zeiss, 
Jena, Germany) at a wavelength λ = 760 nm against a 
blank (containing all chemicals without a sample or 
gallic acid) (Sochor et al., 2011). The absorbency was 
measured three times.

DETERMINATION OF TOTAL FLAVANOLS

Total flavanols were determined using the p-dimethyla-
minocinnamaldehyde (DMACA) method (Li et al., 
1996; McMurrough et al., 1996; Vivas et al., 1994). 
As compared with a widely used vanillin method, one of 
the great advantages of this method was that there was 
no interference from the side of anthocyanins. Further-
more, the sensitivity and specificity of this method were 
better. A wine sample of 20 μl was poured into a 1.5 ml 
Eppendorf tube and 980 μl of DMACA solution (0.1 % 
in 1 M HCl in MeOH) were added. The mixture was 
vortexed and allowed to react at room temperature for 
12 min. The absorbency at 640 nm was then read against 
a blank sample prepared in a similar way but without 
DMACA. The concentration of total flavanols was then 
estimated from a calibration curve and constructed by 
plotting known solutions of catechin (1 to 16 mg/l) 
against A640 (r = 0.998). Results were expressed as mg/l 
of catechin equivalents.

DETERMINATION OF TOTAL CONTENTS OF 
HYDROXYCINNAMIC ACIDS

These measurements were performed using well-es-
tablished spectrophotometric methods (Somers and 
Evans, 1977; Zoecklein, 1990). The wine sample was 
placed into a 0.2 cm path-length quartz cuvette; 200 μl of 
the sample and 1.8 ml of 1.1 M HCl were added and the 
resulting solution was thoroughly mixed and kept for a 
period of 180 min at room temperature.
A 0.22 M solution of K2S2O5 was used as a blank. The ab-
sorbency was read at 320 nm (A320

HCl) for anthocyanins. 
Concentrations (mg/l) were calculated as follows:

Total content of hydroxycinnamic acids (mg/l) 
	 = 10 × dilution × 12.387 × A320

HCl
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DETERMINATION OF IMPORTANT 
ANTIOXIDANTS BY HPLC

For the determination of HPLC profiles the method of 
High Performance Liquid Chromatography combined 
with the electrochemical and the UV-VIS detection was 
used. The system consisted of two Model 582 ESA chro-
matographic pumps (ESA Inc., Chelmsford, MA, USA) 
with a working range of 0.001 to 9.999 ml/min and 
a Zorbax SB C18 (150 × 4.6) column; the size of par-
ticles was 5 µm (Agilent Technologies, Santa Clara, CA, 
USA) reverse phase chromatographic column. For the 
UV detection, a Model 528 ESA UV detector (ESA Inc., 
Chelmsford, MA, USA) was used. The electrochemical 
detection was performed in a twelve-channel CoulArray 
detector (ESA). Samples were injected automatically by 
an auto-sampler (Model 542, ESA), which had incorpo-
rated a thermostatic space for a column.

STATISTICAL ANALYSIS OF MEASURED DATA

Statistical analyses were performed using the mathe-
matical software MATLAB, version R2010a (The Ma-
thWorks, Natick, MA, USA), and EXCEL (MS office 
2010, Microsoft Corporation, Redmond, WA, USA).

RESULTS

Altogether nine samples, i. e. three of white, three of rosé 
and three of red dealcoholised wine and normal wine, 
were used for analyses. The samples contained either 0.1 
%, 5 %, or 12 % of alcohol. In this study, wine samples 

DETERMINATION OF THE ANTIOXIDANT 
ACTIVITY

There are many analytical methods available that enab-
le the determination of the antioxidant activity in fruit, 
food or beverages (Pohanka et al., 2012; Sochor et al., 
2013; Sochor et al., 2010). In this study, the DPPH˙ 
method was used; this method is based on the principle 
of quenching of free radicals contained in the analysed 
sample. This method is simple, cheap, and easily inter-
pretable ( Jurikova et al., 2012).
In the white and rosé wine samples, values of the anti-
oxidant activity reached very similar levels (i. e. 52 and 
59 mg/l EGA). In red wine, these values were more than 
six times higher while those of alcohol-free wine samples 
were lower (409 mg/l EGA) than in light wine (558 
mg/l EGA) and normal wine (690 mg/l EGA) (Fig. 1).

DETERMINATION OF TOTAL POLYPHENOLS

Polyphenols contained in wine are an important group 
of secondary metabolites. The content of polyphenolic

containing 0.1 %, 5 %  and 12 % of alcohol are labelled as 
"alcohol-free", "light wine", and "normal wine", respecti-
vely. The following basic parameters were determined: 
total polyphenols, flavanols, hydroxycinnamic acids, 
and antioxidant activity. The determination of the antio-
xidant activity was carried out by a method that expres-
sed the strength of all antioxidants present in the given 
sample. Last, but not least, important antioxidants were 
also mapped on the basis of their antioxidant activity.

Fig. 1: Values of the antioxidant activity in samples of dealcoholised wine. A) white wine, B) rosé wine, C) red wine (1 - 
alcohol-free wine 0.1 %; 2 - light wine 5 %; 3 - normal wine 12 %)
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compounds is dependent partly on the grapevine varie-
ty and partly on the winemaking technology (Garrido 
and Borges, 2013), and just the content of total poly-
phenolic compounds is responsible for the total antioxi-
dant activity of not only grape wine (Kurin et al., 2012) 
but also of other kinds of fruit wine (Rop et al., 2010).
Similarly as in the case of values of the antioxidant ac-
tivity, the content of total polyphenolic compounds in 
white and rosé wines is rather similar (determined valu-
es ranged from 179 to 218 mg/l; in the normal rosé wine 
it was 261 mg/l). The content of alcohol itself, however, 
did not show any principal effect on the content of poly-
phenolic compounds in wine. However, a different situa-
tion existed in samples of red wine: in this case, contents 
of polyphenolic compounds ranged from 824 mg/l (in 
alcohol-free wine) to 1,379 mg/l (in light wine). The 
maximum content of polyphenols was in normal red 
wine (1,490 mg/l) (Fig. 2).

Fig. 2: Values of the polyphenols in samples of dealcoholised wine. A) white wine, B) rosé wine, C) red wine (1 - alco-
hol-free wine 0.1 %; 2 - light wine 5 %; 3 - normal wine 12 %)

DETERMINATION OF TOTAL FLAVANOLS

Quercetin, rutin, myricetin, and kaempferol are the 
most important flavonols occurring in wine. In our ex-
periments, the concentration of total flavanols was de-
termined by a method based on their reaction with p-di-
methylaminocinnamaldehyde (Li et al., 1996). Because 
in this case there is no interference with anthocyanins, 
this method ensures a higher sensitivity and also a hig-
her selectivity than a widely used method that is based 
on the reaction of flavonols with vanillin.
The highest content of flavanols was recorded in red 
wine (354 and 379 mg/l in samples of alcohol-free wine 
and light wine, respectively), comparable to normal wine 
(385 mg/l). In rosé and white wine, contents of flavanols 
were rather similar (i. e. 50 to 59 mg/l) while in samples 
of light white wine it was only 25 mg/l; the higher cont-
ent was in normal white wine (76 mg/l) (Fig. 3).

Fig. 3: Contents of flavanols in samples of dealcoholised wine. A) white wine, B) rosé wine, C) red wine (1 - alco-
hol-free wine 0.1 %; 2 - light wine 5 %; 3 - normal wine 12 %)



---   144   ---

MITTEILUNGEN KLOSTERNEUBURG 67 (2017): 139-148	 TOMASKOVA et al.

DETERMINATION OF THE TOTAL 
HYDROXYCINNAMIC ACID CONTENTS

These compounds are hydroxy-derivatives of cinnamic 
acid. In grapevine, they occur above all in the pulp of 
berries. Their content is rather independent of the wi-
nemaking technology. The most important and also the 
most frequently studied are the following ones: caffeic, 
p-coumaric, and ferulic acids as well as their correspon-
ding tartaric acid esters (caftaric, coutaric, and fertaric 
acids) (Goncalves et al., 2013; Rodriguez-Diaz et 
al., 2006).
Hydroxycinnamic acid contents in samples of white and 
rosé wine ranged from 6 to 8.5 mg/l, only in normal rosé 
wine the content was higher (24 mg/l). In red wine, 
however, the content of this compound was markedly 
different. In samples of alcohol-free and light red wine, 
the recorded values were 20 and 34 mg/l, respectively, in 
normal red wine 44 mg/l (Fig. 4).

DETERMINATION OF THE TOTAL CONTENT 
OF SOME SELECTED ANTIOXIDANTS

The method of HPLC seems to be ideal for the deter-
mination of antioxidants occurring in not only in wine 
but also in grapes and fruit (Dobes et al., 2013; Rop 
et al., 2011a; Sochor et al., 2014). Studied were some 
important antioxidants that typically occur in wine, 

Fig. 4: Contents of hydroxycinnamic acid in samples of dealcoholised wine. A) white wine, B) rosé wine, C) red wine (1 
- alcohol-free wine 0.1 %; 2 - light wine 5 %; 3 - normal wine 12 %)

viz. gallic acid, vanillic acid, syringic acid, caftaric acid, 
caffeic acid, p-coumaric acid, fertaric acid, ferulic acid, 
catechin, epicatechin, cis-resveratrol, rutin, quercitrin, 
quercetin, and tyrosol. Contents of these compounds 
are presented in Table 1.

Of all antioxidants under study, the highest content was 
recorded for catechin (i. e. 88.4 mg/l in light red wine); 
high contents of gallic and caffeic acid were monitored 
as well. Based on obtained results it is possible to con-
clude that higher contents of antioxidants under study 
were found in samples of red wine than in those of whi-
te and rosé wine. Comparing samples of light wine with 
samples of alcohol-free wine, tyrosol and quercetin con-
tents were higher in light wine.
Our results indicated that the content of alcohol did not 
show a significant effect on contents of polyphenolic 
compounds; this was demonstrated also in other studies 
(Ivanova-Petropulos et al., 2015; Xu et al., 2014) and it 
can be concluded that, above all, both the technology of 
wine making and the variety are responsible for contents 
of antioxidant components in wine (Balik et al., 2008; 
He et al., 2014).

CONCLUSION

Some clinical studies indicate that both juice or wine 
with lowered contents of alcohol may show a more posi-
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Table 1: Contents of some antioxidant components in wine samples. WF = alcohol-free white wine, WL = light white wine, W 

N = white alcoholic wine, Ro F = alcohol-free rosé wine, Ro L = light rosé wine, Ro N = rosé alcoholic wine, Re F = 
alcohol free red wine, Re L= light red wine, Re N = red alcoholic wine. 

Component W F W L W N Ro F Ro L Ro N Re F Re L Re N 

Gallic acid 5.10 4.85 6.8 3.79 4.28 5.41 40.7 51.9 88.9 
Vanillic acid 1.24 1.63 1.91 1.75 1.73 1.85 5.63 3.54 5.40 
Syringic acid 0.50 0.37 0.66 0.51 0.54 0.71 6.09 8.05 9.8 
Caftaric acid 28.1 45.4 55.9 38.1 26.0 62.7 46.1 32.8 71.2 
Caffeic acid 39.0 54.7 55.8 50.1 37.4 49.7 63.1 45.2 81.7 
p-Coumaric acid 1.13 2.26 2.11 1.20 1.21 1.13 5.30 5.08 5.18 
Fertaric acid 2.02 2.11 2.23 2.05 1.64 2.08 2.90 2.10 2.79 
Ferulic acid 2.62 3.20 4.12 2.47 2.06 2.58 3.45 3.71 3.58 
Catechin 27.9 7.20 32.52 24.0 10.0 28.9 63.1 88.4 88.7 
Epicatechin 14.1 4.50 19.7 8.80 10.0 12.2 35.2 38.5 37.9 
Cis-resveratrol 0.06 0.07 0.07 0.12 0.16 0.15 3.28 2.82 3.15 
Rutin 0.77 1.47 1.54 0.84 0.12 0.98 12.4 3.53 13.7 
Quercitrin 0.05 0.18 0.21 0.04 0.04 0.04 0.43 2.03 2.12 
Quercetin 0.04 0.11 0.15 0.09 0.02 0.09 0.26 2.96 3.11 
Tyrosol 8.54 17.20 17.82 9.13 10.26 11.42 20.2 26.5 25.9 

 
tive effect on human health than alcoholic wine (Fanti-
nelli et al., 2005; Vinson et al., 2001). This means, that 
in future dealcoholised wine might become an import-
ant substitute/alternative for contemporary conventio-
nal alcoholic wine. These products are ideal not only for 
drivers, sportsmen, people preferring a healthy life style, 
and/or pregnant women, but also for all oenophiles who 
cannot enjoy 'normal' wine because of higher alcohol 
contents. Unfortunately, for the time being, these wine 
products are not well-known and popular among consu-
mers.
Our results demonstrated that contents of antioxidants 
contained in dealcoholised wine were comparable and 
nearly the same as those occurring in normal, "conven-

tional", alcohol-containing wine. Positive effects of this 
beverage on the human body mean that their benefits 
should be highlighted and for that reason it should be 
recommended for consumption in amounts comparable 
to those of aforementioned normal, alcoholic wines.

ACKNOWLEDGEMENT

The financial support from sources of the project IGA 
14/2014/591 ZF is highly acknowledged. Thanks also 
for deliveries of wine samples to the winery Vinselekt 
Michlovský a.s. (Rakvice, Czech Republic).

REFERENCES

Balik, J., Kyselakova, M., Vrchotova, N., Triska, 
J., Kumsta, M., Veverka, J., Hic, P., Totusek, 
J. and Lefnerova, D. 2008: Relations between 
polyphenols content and antioxidant activity in 
vine grapes and leaves. Czech J. Food Sci. 26: 
S25-S32.

Bouchenak, M. and Lamri-Senhadji, M. 2013: Nu-
tritional quality of legumes, and their role in cardiomet-
abolic risk prevention: A review. J. Med. Food 16: 185-
198.

Corrao, G., Bagnardi, V., Zambon, A. and La Vec-
chia, C. 2004: A meta-analysis of alcohol con-
sumption and the risk of 15 diseases. Prev. Med. 
38 (5): 613-619.

Corrao, G, Rubbiati, L., Bagnardi, V., Zambon, A. 
and Poikolainen, K. 2000: Alcohol and coro-
nary heart disease: A meta-analysis. Addiction 95 
(10): 1505-1523.

De Nisco, M., Manfra, M., Bolognese, A., Sofo, A., 
Scopa, A., Tenore, G.C., Pagano, F., Milite, C. 
and Russo, M.T. 2013: Nutraceutical properties 



---   146   ---

MITTEILUNGEN KLOSTERNEUBURG 67 (2017): 139-148	 TOMASKOVA et al.

and polyphenolic profile of berry skin and wine 
of Vitis vinifera L. (cv. Aglianico). Food Chem. 
140: 623-629.

Di Castelnuovo, A., Costanzo, S., di Giuseppe, 
R., de Gaetano, G. and Iacoviello, L. 2009: 
Alcohol consumption and cardiovascular risk: 
mechanisms of action and epidemiologic per-
spectives. Future Cardiol. 5: 467-477.

Di Castelnuovo, A., Rotondo, S., Iacoviello, L., 
Donati, M.B. and de Gaetano, G. 2002: Me-
ta-analysis of wine and beer consumption in rela-
tion to vascular risk. Circulation 105: 2836-2844.

Dobes, J., Zitka, O., Sochor, J., Ruttkay-Nedecky, 
B., Babula, P., Beklova, M., Kynicky, J., Hu-
balek, J., Klejdus, B., Kizek, R. and Adam, V. 
2013: Electrochemical tools for determination of 
phenolic compounds in plants. A review. Int. J. 
Electrochem. Sci. 8: 4520-4542.

Fantinelli, J.C., Schinella, G., Cingolani, H.E. 
and Mosca, S.M. 2005: Effects of different frac-
tions of a red wine non-alcoholic extract on isch-
emia-reperfusion injury. Life Sciences 76: 2721-
2733.

Fremont, L. 2000: Minireview - Biological effects of 
resveratrol. Life Sciences 66: 663-673.

Garrido, J. and Borges, F. 2013: Wine and grape 
polyphenols - A chemical perspective. Food Res. 
Int. 54: 1843-1858.  (withdrawn publication in: 
Food Res. Int. 44: 3134-3148)

Ginjom, I., D’Arcy, B., Caffin, N. and Gidley, M. 
2013: Corrigendum to “Phenolic compound 
profiles in selected Queensland red wines at all 
stages of the wine-making process. Food Chem. 
125: 823-834 (2011)”. Food Chem. 141: 1544-
1544.

Goldberg, D.M., Garovic-Kocic, V., Diamandis, 

E.P. and Pace-Ascia, F. 1996: Wine: does color 
count? Clin. Chim. Acta 183-193.

Goncalves, J., Silva, C.L., Castilho, P.C. and Ca-
mara, J.S. 2013: An attractive, sensitive and 
high-throughput strategy based on microex-
traction by packed sorbent followed by UH-
PLC-PDA analysis for quantification of hydroxy-
benzoic and hydroxycinnamic acids in wines. 
Microchem. J. 106: 129-138.

He, S., Wang, L., Dong, H., Liu, P., Shi, P.Y., Li, X.M., 
Ren, X.C., Lv, N., Liu, Y.N., Xue, C.H., Lin, H. 
and Mao, X.Z. 2014: Bioprocess production of 
sea cucumber rice wine and characterization of 
functional components and antioxidant activi-
ties. Food Sci. Biotechnol. 23: 807-814.

Ivanova-Petropulos, V., Ricci, A., Nedelkovski, D., 
Dimovska, V., Parpinello, G.P. and Versari, 
A. 2015: Targeted analysis of bioactive phenolic 
compounds and antioxidant activity of Macedo-
nian red wines. Food Chemistry 171: 412-420.

Jurikova, T., Sochor, J., Rop, O., Mlcek, J., Balla, 
S., Szekeres, L., Zitny, R., Zitka, O., Adam, V. 
and Kizek, R. 2012: Evaluation of polyphenolic 
profile and nutritional value of non-traditional 
fruit species in the Czech Republic - a compara-
tive study. Molecules 17: 8968-8981.

Kurin, E., Mucaji, P. and Nagy, M. 2012: In vitro an-
tioxidant activities of three red wine polyphenols 
and their mixtures: an interaction study. Mole-
cules 17: 14336-14348.

Li, Y.G., Tanner, G. and Larkin, P. 1996: The DMA-
CA-HCl protocol and the threshold proanthocy-
anidin content for bloat safety in forage legumes. 
J. Sci. Food Agric. 70: 89-101.

McMurrough, I., Madigan, D. and Smyth, M.R. 
1996: Semipreparative chromatographic pro-
cedure for the isolation of dimeric and trimeric 



---   147   ---

MITTEILUNGEN KLOSTERNEUBURG 67(2017): 139-148	 TOMASKOVA  et al.

proanthocyanidins from barley. J. Agric. Food 
Chem. 44: 1731-1735.

Pohanka, M., Sochor, J., Ruttkay-Nedecky, B., Cer-
nei, N., Adam, V., Hubalek, J., Stiborova, M., 
Eckschlager, T. and Kizek, R. 2012: Auto-
mated assay of the potency of natural antioxi-
dants using pipetting robot and spectrophotome-
try. J. Appl. Biomed. 10: 155-167.

Rimm, E.B., Williams, P., Fosher, K., Criqui, M. and 
Stampfer, M.J. 1999: Moderate alcohol intake 
and lower risk of coronary heart disease: me-
ta-analysis of effects on lipids and haemostatic 
factors. British Med. J. 319(7224): 1523-1528.

Rodriguez-Diaz, R.C., Aguilar-Caballos, M.P. 
and Gomez-Hens, A. 2006: Determination 
of some hydroxybenzoic acids and catechins in 
white wine samples by liquid chromatography 
with luminescence detection. J. Separation Sci. 
29: 2772-2779.

Ronksley, P.E., Brien, S.E., Turner, B.J., Mukamal, 
K.J. and Ghali, W.A. 2011: Association of al-
cohol consumption with selected cardiovascular 
disease outcomes: a systematic review and me-
ta-analysis. British Med. J. 342: d671

Rop, O., Mlcek, J., Jurikova, T., Valsikova, M., So-
chor, J., Reznicek, V. and Kramarova, D. 
2010: Phenolic content, antioxidant capacity, 
radical oxygen species scavenging and lipid per-
oxidation inhibiting activities of extracts of five 
black chokeberry (Aronia melanocarpa (Michx.) 
Elliot) cultivars. J. Med. Plants Res. 4: 2431-
2437.

Rop, O., Reznicek, V., Mlcek, J., Jurikova, T., Balik, 
J., Sochor, J. and Kramarova, D. 2011a: Anti-
oxidant and radical oxygen species scavenging ac-
tivities of 12 cultivars of blue honeysuckle fruit. 
Hortic. Sci. 38: 63-70.

Rop, O., Sochor, J., Jurikova, T., Zitka, O., Skut-
kova, H., Mlcek, J., Salas, P., Krska, B., Ba-
bula, P., Adam, V., Kramarova, D., Beklova, 
M., Provaznik, I. and Kizek, R. 2011b: Effect 
of five different stages of ripening on chemical 
compounds in medlar (Mespilus germanica L.). 
Molecules 16: 74-91.

Sochor, J., Dobes, J., Krystofova, O., Ruttkay-Ne-
decky, B., Babula, P., Pohanka, M., Jurikova, 
T., Zitka, O., Adam, V., Klejdus, B. and Kizek, 
R. 2013: Electrochemistry as a tool for studying 
antioxidant properties. Int. J. Electrochem. Sci. 8: 
8464-8489.

Sochor, J., Jurikova, T., Pohanka, M., Skutkova, H., 
Baron, M., Tomaskova, L., Balla, S., Klejdus, 
B., Pokluda, R., Mlcek, J., Trojakova, Z. and 
Saloun, J. 2014: Evaluation of antioxidant activ-
ity, polyphenolic compounds, amino acids and 
mineral elements of representative genotypes of 
Lonicera edulis. Molecules 19: 6504-6523.

Sochor, J., Salas, P., Zehnalek, J., Krska, B., Adam, 
V., Havel, L. and Kizek, R. 2010: An assay for 
spectrometric determination of antioxidant ac-
tivity of a biological extract. Listy Cukrovarnicke 
a Reparske 126: 416-417.

Sochor, J., Skutkova, H., Babula, P., Zitka, O., Cer-
nei, N., Rop, O., Krska, B., Adam, V., Provaz-
nik, I. and Kizek, R. 2011: Mathematical evalu-
ation of the amino acid and polyphenol content 
and antioxidant activities of fruits from different 
apricot cultivars. Molecules 16: 7428-7457.

Somers, T.C. and Evans, M.E. 1977: Spectral evalua-
tion of young red wines - anthocyanin equilibria, 
total phenolics, free and molecular SO2, chemi-
cal age. J. Sci. Food Agric. 28: 279-287.

Valsa, A.K., Ushakumari, B. and Vijayalakshmi, 
N.P. 1995: Effect of catechin on lipid metabo-



---   148   ---

MITTEILUNGEN KLOSTERNEUBURG 67 (2017): 139-148	 TOMASKOVA et al.

lism. J. Clinic. Biochem. Nutr. 19: 175-182.

Vinson, J. A., K. Teufel and Wu, N. 2001: Red wine, 
dealcoholized red wine, and especially grape 
juice, inhibit atherosclerosis in a hamster model. 
Atherosclerosis 156: 67-72.

Vivas, N., Glories, Y., Lagune, L., Saucier, C. et Au-
gustin, M. 1994: Estimation du degré de poly-
mérisation des procyanidins du raisin et du vin 
par la méthode au p-dimethylaminocinnamaldé-
hyde. J. Int. Sci. Vigne Vin 28: 319-336.

Wannamethee, S.G., Camargo, C.A., Manson, J.A.E., 
Willett, W.C. and Rimm, E.B. 2003: Alcohol 
drinking patterns and risk of type 2 diabetes mel-
litus among younger women. Arch. Internal Med. 
163: 1329-1336.

Xu, F., Luan, L.Y., Zhang, Z.W., Huo, S.S., Gao, X., 
Fang, Y.L. and Xi, Z.M. 2014: Phenolic profiles 
and antioxidant properties of young wines made 
from Yan73 (Vitis vinifera L.) and Cabernet 
Sauvignon (Vitis vinifera L.) grapes treated by 
24-epibrassinolide. Molecules 19: 10189-10207.

Xu, R.P., Yokoyama, W.H., Irving, D., Rein, D., Wal-
zem, R.L. and German, J.B. 1998: Effect of di-
etary catechin and vitamin E on aortic fatty streak 
accumulation in hypercholesterolemic hamsters. 
Atherosclerosis 137: 29-36.

Zoecklein, B.W., Fugelsang, K.C., Gump, B.H. and 
Nury, F.S. (1990): Production wine analysis. 
129-168.  New York: Van Nostrand Reinhold 
Publ., 1990 

Received June, 26th, 2016


