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Abstract
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Folin-Ciocalteu reagent (FCM) and Price and Butler method (PBM) were used for spectrophotometric determination
of the total content of phenolic compounds in 29 wines (8 white, 21 red). The average contents of phenolic compounds
determined by FCM and PBM were 108 (90-119) and 105 (90-129) for white wines, and 1545 (874—2262) and 547
(306-816) mg/1 of gallic acid equivalents (GAE) for red wines, respectively. The reason for the lower PBM values in red
wines is the higher reactivity in PBM of phenolic compounds, especially of gallic acid generally used as a standard in
the above methods. The higher reactivity of the standard means that the measured absorbance of the sample responds
to alower concentration. The average total antioxidant activities determined by TEAC (Trolox Equivalent Antioxidant
Capacity), FRAP (Ferric Reducing Antioxidant Power), and DPPH (using diphenyl-p-picrylhydrazyl radical) were 5.14
(4.30-6.14), 1.43 (0.86-2.14), and 0.71 (0.61-0.81) of Trolox equivalents (TE) and 26.44 (13. 9-34.4), 9.43 (4.92-13.9),
and 5.52 (2.91-8.62) mmol/l TE for white and red wines, respectively. Almost the same molar absorptivities with TEAC
and DPPH methods were found while with FRAP method it was somewhat higher (about 1.56-times). The ratio of the
values determined by FRAP and DPPH methods for white and red wines were 2.0 and 1.7, respectively. The TEAC
values were 2.8- and 4.8-fold higher than those determined by FRAP and DPPH methods, respectively. The radical
ABTS** used in TEAC method is therefore the most reactive and responds to the highest number of hydroxyl groups
of the phenolic compounds of wines.
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Epidemiological studies show that a moderate
wine consumption has beneficial effects on health
(RENAUD & DE LORGERIL 1992; KLATSKY & ARM-
STRONG 1993; TRiICHOPOULOU & LAGIOU 1997;
HOFFMEISTER et al. 1999; RENAUD et al. 1999;
RiMM et al. 1999). Wine consumption reduces
the susceptibility of LDL to oxidation which is
important for the prevention of arteriosclerosis
development. A moderate wine consumption also
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increases serum antioxidant capacity (COOPER et
al.2004). A favourable influence on the reduction
of cancer incidence and on chronic inflammatory
diseases, the development of both being associ-
ated with oxygen free radical, is probable as well
(SCALBERT et al. 2005). Moreover, the presence
of native antioxidants in wines at sufficient levels
can significantly reduce the need for exogenous
additives (ascorbic acid, SO, etc.) that can be
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linked to allergic effects occurring during wine
consumption in more than 15% consumers.

The more remarkable health promoting effect of
wine in comparison to alcohol alone (in addition
to other factors) is due to the biologically active
compounds, present especially in red wine (so
called French paradox). Among alcoholic beverages,
red wine has been reported to be more protective
against coronary heart disease than other alcoholic
beverages (GRONBAEK et al. 1995). Different wines
have different quantities and spectra of native
antioxidants and therefore different health ben-
efits. Wine composition, including the contents
of phenolic compounds, varies markedly depend-
ing on the grape cultivar, soil, nutrition, climatic
conditions, weather, winemaking procedure, and
conditions of maturation and storage.

Over 500 different compounds, of which 160 are
esters, have been identified in different wine types.
These include water (74-87%, w/w), ethanol
(10-14%), saccharides (0.05-10%), organic acids
(0.05-0.7%), phenols (0.01-0.2%), and glycerol
(SoLEAS et al. 1997). Phenolic compounds have
long been considered to be basic components
of wines and over 200 compounds have been
identified. The concentration of total phenolic
compounds in commercially available red wines
is rarely above 2.5 g/l (SINGLETON 1982). Two
primary classes of phenolics that occur in grapes
and wine are flavonoids and nonflavonoids.

Flavonoids commonly constitute > 85% of the
phenolics content (> 1 g/1) in red wines. In white
wines, flavonoids typically comprise < 20% of the
total phenolics content (< 50 mg/l). Their dietary
intake has been shown to be inversely related to
coronary heart disease mortality (HERTOG et al.
1993, 1995; KNEKT et al. 1996).

The most common flavonoids in white and red
wines are flavonols, catechins (flavan-3-ols), and
anthocyanidins, the latter being found only in red
wine. Small amounts of free leucoanthocyanins (fla-
van-3,4-diols) also occur. Flavonoids exist free or
bound to other flavonoids, sugars, nonflavonoids,
or combinations of these compounds. Flavonols
and anthocyanidins originate predominately from
the skin, whereas catechins and leucoanthocyanins
originate mainly from the seeds and stems. Non-
flavonoids partly originate also from yeast and the
wood of oak barrels (SOLEAS et al. 1997).

The phenolic composition and the extractabil-
ity of grapes largely depend on the grape variety
and the winemaking process conditions (SOLEAS

et al. 1997). The amount of flavonoids extracted
during vinification is influenced by many factors,
including temperature, mixing, the parameters
of the fermentation vessel, the duration of skin
maceration, ethanol concentration, SO,, yeast
strain, pH, and pectolytic enzymes. The concen-
tration of phenolic compounds in wine increases
during skin fermentation and subsequently begins
to decrease as phenols bind with proteins and
yeast hulls (cell remnants), and precipitate. Dur-
ing fining and maturation, the concentration of
phenolic compounds continues to decrease. Their
concentration is further substantially decreased
at aging.

Aging in oak-wood barrels (barrique wines) can
also increase the contents of particular phenolic
compounds (MATEJ{CEK et al. 2005). Some phe-
nols in wine arise by the activity of micro-organ-
isms as secondary aromatic compounds in the
course of the degradation of phenolic acids or
lignin as well. They arise as by-products of lactic
and alcoholic fermentations. Such a compound is
e.g. ferulylalcohol (or 4-vinylguajacol) and other
similar alcohols.

The taste and other sensory characteristics are
primarily due to a few compounds that occur
individually at concentrations above 100 mg/1.
Lower phenolic acids account for flat flavour
while larger polyphenols contribute to bitterness
and astringency. Tannins present in red wine
are rarely found in white wines in significant
amounts.

Literature data about the contents of phenolic
compounds and total antioxidant activity are insuf-
ficient and partly contradictory. This is due not only
to different contents and proportions of particular
phenolic compounds in different sorts of wines,
but above all to different methods and various
methodological approaches used. The comparison
of the literature data is thus very complicated and
even impossible in some cases.

In the present paper we applied FCM and PBM
methods for the determination of the total con-
tents of phenolic compounds, and TEAC, FRAP,
and DPPH methods for the determination of total
antioxidant activity in 29 wines. Another aim of
the paper was to describe the basic principles
applicable for the comparison of the values deter-
mined with those published in literature, and to
compare the sale prices with the quality of wines
expressed by the content of phenolic compounds
and antioxidant activity.
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MATERIAL AND METHODS

Chemicals. 2,2-diphenyl-1-picrylhydrazyl radical
(DPPH’, = 90.0%) and 2,2 "-azinobis(3- ethylbenzo-
thiazolin-6-sulfonate) diammonium salts (ABTS,
~ 98.0%) were purchased from Sigma-Aldrich (St.
Louis, USA); Folin-Ciocalteu reagent (FC reagent),
2,4,6-tris(2-pyridyl)-s-triazine (TPTZ, puriss,
> 99.0%), gallic acid monohydrate (= 98.0%), and
Trolox (6-hydroxy-2,5,7,8-tetramethylchromane-
2-carboxylic acid, a hydrophilic derivative of toco-
pherol, purum, > 99%, for HPLC), were from Fluka
(Buchs, Switzerland). Methanol and acetonitrile
of gradient grade were purchased from Merck
(Darmstadt, Germany). Other chemicals of p.a.
purity were from Pliva-Lachema (Brno, Czech
Republic). All reagents and standard solutions
were prepared using deionised reverse osmosis
water (AquaDem-2, Aqua Osmotic, Tisnov, Czech
Republic) further purified by Milli Q-RG (Mil-
lipore, Bedford, USA) apparatus.

Sample preparation. Samples of 29 species
of wines (8 white, and 21 red) produced in the
Czech Republic or imported in the year 2006 were
obtained from private cellars or purchased from
local stores (Table 1). The wines were used directly
from bottles or barrels. The samples of wines were
stored at 5-8°C in dark until analysed. Each wine
was analysed three times.

Determination of phenolic compounds in wines.
Folin-Ciocalteu method. FCM based on the reduc-
tion of a phosphotungstate-phosphomolybdate
complex by phenolic compounds to blue reaction
products was used (WILDENRADT & SINGLETON
1974; VINSON et al. 1998; SINGLETON et al. 1999).
The total volume of the reaction mixture was mini-
mised to 1 ml. Each sample (white wines 100 pl,
red wines 50—100 pl diluted 10-fold) was read at
760 nm after 30 min of standing against blank
(100 ul water instead of sample). Five-point cali-
bration using 2 mmol/l gallic acid as the standard
was linear (R? > 0.997) up to the concentration of
0.2 mmol/l in the reaction mixture and the ab-
sorbance range up to 3.000 AU. The determined
values were expressed as gallic acid equivalents
(GAE). Highly repeatable results for standards
and samples were obtained.

Method according PRICE and BUTLER (1977).
In this method, phenolate anion is oxidised to
phenolate radical and at the same time hexacy-
anoferrite (ferricyanide) ion is reduced to hexa-
cyanoferrate (ferrocyanide) forming Prussian blue
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I(X(Fel(lm)) [FeD (CN)G]S)(HUANG et al. 2005) ac-
cording to the equation:

K, [Fe™ (CN) ] + Ph-OH —
K _(Fe!™ [Fe(CN)],) + Ph-O" + H*

The Waterman and Mole’s procedure (WATER-
MAN & MOLE 1994) was modified to a semi mi-
cro-scale (reaction volume 1 ml). The samples of
wines (25 pl) of 2- and 10-fold diluted white and
red wines, respectively, were mixed with 750 pl
of deionised water and 100 ul 0.1 mol/l FeCl,
in 0.1 mol/l HCI. After 3 min standing, 100 pl
8 mmol/l potassium ferricyanide was added and
the volume was adjusted to 1000 pl with deionised
water and mixed. The reaction reached the maxi-
mum between 20 and 30 minutes. Colour (green to
blue) was measured against blank (water instead
of sample) at 720 nm after 30 minutes. Gallic acid
(0.5 mmol/l) was applied as the standard and the
values were expressed as gallic acid equivalents
(GAE).

Determination of antioxidant activity/ca-
pacity of wines. Three methods, TEAC, FRAP,
and DPPH?*, based on the reaction with electron
donating or hydrogen radicals (H*) producing
compounds/antioxidants according to the follow-
ing reaction were used:

R* + Aox-H — RH + Aox®

where:

R® = DPPH*, ABTS** or other reactive radical
Aox-H = Ph-OH, Trolox, ascorbic acid, etc.

Ph = polyphenolic compound

Despite the similar mechanisms of the methods,
the reagents and products are different. Trolox was
used as a common standard for the calibration of
the methods, which makes the comparison of the
measured values easier. The values of all three
methods were expressed as a Trolox equivalent
(TE).

TEAC Method (Trolox Equivalent Antioxidant
Capacity or Total Antioxidant Activity — TAA)
method (MILLER et al. 1993; RiceE-EVANS et al.
1996; LIEN et al. 1999; PLUMB et al. 1999). The
total volume used in the original procedure (RE et
al. 1999; LoNG & HALLIWELL 2001) was reduced
to 1 ml. The stock solution, a 1:1 (v/v) mixture
of ABTS (7 mmol/l) and potassium persulfate
(4.95 mmol/l), was left to stand for 12 h at labora-
tory temperature in dark to form radical-cation
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Table 1. Content of phenolic compounds and total antioxidant activity in wines

No.! oH? EtOH2 FCM? PBM? TEAC* FRAP* DPPH!  A_,
(%) (mmol/1)°>  (mg/l) (mmol/1)> (mg/l) (mmol/1)® (AU)®

White wines

1 355 1232 0.53 £ 0.01 90 0.53+0.03 90 430019 1.79+0.11 0.72+0.02 0

2 3.42 11.16 0.61 +0.06 104 0.53 +0.04 91 478 +£0.28 1.00+0.02 0.63+£0.02 0

3 3.58 12.62 0.60 +0.01 103 0.53 +0.05 90 5.13+0.04 0.88+0.03 0.61+0.08 O

4 3.51 11.96 0.63+0.01 107 0.56+0.00 95 508+0.02 0.86+0.02 0.66+0.06 0

5 3.53 11.98 0.73+0.01 125 0.76+0.10 129 6.14+0.32 2.14+0.01 0.81+0.01 O

6 3.54 1153 0.65+0.01 110 0.70+£0.01 119 5.08+0.05 1.93+0.03 0.73+0.01 0

7 3.42 12.41 0.70+0.02 119 0.72+0.05 122 557+0.01 1.00+0.04 0.79+0.01 O

8 3.57 11.54 0.97+0.01 166 1.21+0.01 206 8.44+091 147+001 1.78+0.03 O

Red wines

9 3.49 10.50 566 +0.01 963 2.22+001 377 17.84+0.01 6.34+0.01 3.70+0.01 1.06

10 356 12.06 10.17+0.01 1730 3.80+0.01 647 30.85+0.01 565+0.01 3.38+0.01 5.21

11 3.21 11.07 11.22+0.01 1908 3.50+0.01 595 32.30+0.01 11.38+0.01 7.33+0.01 3.57

12 3.59 13.61 5.14+0.01 874 1.80+0.01 306 13.89+0.01 492+0.01 291+0.01 216

13 3.48 12.44. 7.17 £0.01 1219 2.60+0.01 442 20.15+0.01 7.41+0.01 4.20+£0.01 2.16

14 3.40 12.31 8.95+0.01 1523 3.48+0.01 592 2562+0.01 860+0.01 477+0.01 3.18

15 345 11.70 8.41+0.01 1431 346+0.01 588 24.44+0.01 9.98+0.01 4.64+0.01 2.68

16 3.63 11.64 9.11£0.01 1550 3.26+0.01 554 26.36+0.01 9.99+0.01 588+0.01 5.02

17 375 12.83 11.60+0.01 1973 3.46+0.01 589 34.69+0.01 12.41+0.01 7.78+0.01 4.11

18 3.62 12.57 9.80 £ 0.01 1666 3.14+0.01 534 2838+0.01 10.37+0.01 6.21+0.01 3.13

19 3.54 12.67 6.19+0.01 1054 2.20+0.01 375 16.74+0.01 6.84+0.01 3.73+0.01 3.53

20 357 1149 6.87 £0.01 1169 2.60+0.01 443 20.50+0.01 7.34+0.01 4.05+0.01 3.16

21 3.63 11.78 7.72+0.01 1314 2.65+0.01 451 23.72+0.01 8.62+0.01 547+0.01 272

22 3.53 12.56 8.47 £0.01 1440 3.28+0.01 558 2541+0.01 9.97+0.01 4.48+0.01 341

23 3.69 11.37 10.78 +0.01 1833 3.56+0.01 606 30.53+0.01 11.35+0.01 7.05+0.01 3.17

24 3.68 12.68 891+0.01 1515 291+0.01 496 2526+0.01 9.52+0.01 586+0.01 4.06

25 3.44 11.21 10.73+0.01 1825 3.93+0.01 669 32.37+0.01 11.56+0.01 6.60+0.01 8.68

26 3.85 11.84 8.86 + 0.01 1508 3.04+0.01 516 25.07+0.01 894+0.01 551+0.01 4.25

27 345 11.32 10.66 +0.01 1813 3.70+0.01 629 32.50+0.01 11.65+0.01 6.65+0.01 8.13

28 3.67 12.07 11.00£0.01 1871 4.13+£0.01 703 34.38+0.01 11.34+0.01 7.12+0.01 491

29 3.48 - 13.30 £ 0.01 2262 4.80+0.01 816 34.27+0.01 13.94+0.01 8.62+0.01 4.01

1. Ryzlink vlassky?, 2. Ryzlink vlagsky®, 3. Miiller-Thurgau®, 4. Veltlin zeleny®, 5. Veltlin zeleny?®, 6. Muscadel Moravia
(MOPR)?, 7. Chardonnay, late gathering?, 8. Tramin rosé, late gathering?, 9. Frankovka blue-dry, Hungary, La Fiesta, area
Duna Mellék, year 2004, Supermarket Billa, 10. Frankovka, Macedonia®, 11. Frankovka?, 12. Modry Portugalb, 13. Modry
Portugal, shop, 14. Modry Portugalb, 15. Rulandské modré, cellar Strachotin®, 16. Cabernet Sauvignonb, 17. Cabernet Sau-
vignon, Argentina®, 18. Cabernet Moravia?, 19. Svatovaviinecké® (Saintlaurence), 20. Svatovaviinecké®, 21. Svatovaviinecks,
private cellar Krumvif, 22. Svatovaviinecké klasik, Rakvice, area Small Carpathian Mountains, SO, added, hypermarket,
23. Svatovaviinecké?, 24. Zweigeltrebe?®, 25. Zweigeltrebed, 26. André, private cellar?, 27. André + Portugal?, 28. Syrah,
Argentina®, 29. Italian red wine®

dprivate cellar from south Moravia, bsalesroom of wines from south Moravia, “salesroom of domestic and imported wines,
dprivate salesroom of wines from south Moravia

2average values from three repetition, 3gallic acid equivalents (GAE), “Trolox equivalent (TE), ®mean + SD, n = 3, °AU =

absorbance units (absorbance x dilution)
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ABTS"®*. The final solution was stable for at least
one week at 4°C in dark.

The stock solution was diluted with phosphate
buffer solution to give the absorbance values be-
tween 1.0 and 1.5 AU at 734 nm (the same ab-
sorbance value must be used for the standard and
samples). The standard or sample (20 pul) of 4-fold
and 20- or 40-fold diluted white and red wines
(according to the reaction intensity), respectively,
were mixed with the working solution (975 ul) and
adjusted to 1000 pl with deionised water. The de-
crease of the absorbance at 734 nm was measured
after 30 min (after reaching plateau). Aqueous
phosphate buffer solution (1 ml, without ABTS®")
and Trolox (0.5 mmol/l) were used as a control
and a calibrating standard, respectively.

Ferric Reducing Antioxidant Power (FRAP) method
(BENZIE & STRAIN 1996; PULIDO et al. 2000; IMEH
& KHOKHAR 2002) was modified to a semi micro-
scale using the total volume of 1 ml. A portion of
an aqueous 10 mmol/l solution of TPTZ reagent in
40 mmol/l HCI was mixed with the same volume
of 20 mmol/l FeCl,-6 H,O and ten times higher
volume of acetate buffer of pH 3.6 (3.1 g sodium
acetate and 16 ml acetic acid per litre). The mixture
was incubated at 37°C for five minutes. A portion
(900 pl) of the Fe3*-TPTZ mixture and the sample
of wine (25 ul; red wines diluted 5 to 10-fold) or
the standard or water (for blank) were adjusted
to 1000 ul with deionised water, incubated for 30
min (after reaching plateau), and the absorbance
at 593 nm was read. Trolox (0.5 mmol/l) was used
for calibration (GARDNER et al. 2000).

Diphenyl-p-picrylhydrazyl (DPPH) method. The
original procedure (SANCHEZ-MORENO et al. 1998)
was modified (to 1 ml total volume). The working
solution was prepared by dilution of methanolic
DPPH" solution (98 mg/l, absorbance = 1.9) to the
absorbance of ~ 1.5 AU (the same for the sample
and standard) to provide a sufficient reaction ca-
pacity for higher contents of antioxidants in the
extracts. A portion (950 pul) of the working solution
and the sample of wines (50 pul; red wines diluted
5 to 10-fold) or standard were adjusted to 1000 pul
with aqueous methanol (1:1, v/v) and incubated
30 minutes to reach plateau (Kim et al. 2002).
The absorbance was read at 515 nm against blank
(aqueous methanol). Fresh 0.5 mmol/l working
solutions of Trolox were used for calibration.

Determination of ethanol. A gas chromatograph
HP-4890D with a flame-ionisation detector was
used for the assessment of ethanol using an HP-5MS
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(5% Phenyl Methyl Siloxane, 30 m x 0.25 mm x
0.25 pm film) analytical column (all from Hewlett
Packard, Waldbronn, Germany). The flow rate
of helium was 1 ml/min, split ratio 20:1, spray
temperature 240°C, detector temperature 250°C,
and thermal programme: T, =30°C, t, = 5 min,
40°C/min on T2 =70°C, t,=1 min, ca 7 min. The
applied volume of the samples was 1 pl.

Determination of color intensity. Colour inten-
sity of the red wines was determined spectropho-
tometrically at 520 nm. Optimal wavelength for
measuring was selected by scanning full spectrum
from 200 to 700 nm. All samples of wines were
diluted 5-fold before measuring. The measured
values shown in Table 1 and Figures 2 are expressed
in absorbance units (AU).

RESULTS AND DISCUSSION

The determined contents of phenolic compounds
and antioxidant activity values are presented in Fig-
ures 1 and 2. Both methods for the determination
of phenolic compounds were standardised using
the same standard; however, the reactivity with
the standard differed with the individual methods.
The average values of phenolic compounds con-
tent in white wines determined by FCM were in
the interval of 103-125 mg/l GAE except of one
Ryzlink vlagsky (90 mg/l). The values of phenolic
compounds content in red wines were approxi-
mately 10- to 15-times higher, namely from 874 to
1973 mg/l, and in one Italian red wine reached as
much as 2261 mg/l. The determined content of
phenolic compounds (166 mg/ml) was notably
higher in Tramin than in other white wines. Our
values for white wines were about 30 to 50% lower
in comparison with the results published by three
other authors and very close to the values published
by SIMONETTI et al. (1997) (Table 2).

The differences in the values are probably not
of a methodological origin because the most com-
monly used FCM for the assessment of phenolics
is relatively robust and trouble-free.

The differences between our values and the pub-
lished results could be primarily affected by the
nature of the analysed wines, i.e. by their actual
contents of phenolic compounds. The great dif-
ferences in the contents of phenolic compounds
in white and red wines indicate that anthocyanins
form the most important part of the phenolic
compounds in red wines. Beside other factors, the
grape variety, intensity of solar irradiation at the
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Figure 1. Contents of phenolic compounds of white wines determined by the FC and PB ethods (GE umol/l), and total
antioxidant activity determined by the TEAC, FRAP and DPPH methods (TE mmol/l)

ripening time of grapes, and winemaking procedure
mostly influence the phenolic compounds content.
Therefore, much higher contents of anthocyanins
and total contents of phenolic compounds are
present especially in red wines from sunny regions
(Italy, Spain, California etc.).

The content of phenolics determined by FCM and
PBM was approximately the same in white wines.
The values determined in FCM in red wines were
2- to 3-times higher than those determined by PBM
for identical samples. This difference could be at
least partly explained by a different reactivity of
anthocyanins with the reagent in the respective
methods. This presumption is supported by the
fact that millimolar absorption coefficient of gallic
acid for PBM is approximately 5.4-times higher

than that for FCM, and therefore the concentration
values measured by PBM are several-fold lower in
the measured samples for the identical absorption
(STRATIL et al. 2007).

The sequence of the 10 “best” red wines accord-
ing to the total content of phenolic compounds
determined by FCM were as follows (in decreas-
ing order): Italian red wine (2261 mg/l) > Caber-
net Sauvignon, Argentina > Frankovka® > Syrah,
Argentina > Svatovavrinecké > Zweigeltrebe >
mixture André + Modry Portugal > Frankovka,
Macedonia > Cabernet Moravia > Cabernet Sau-
vignon (1973 mg/l1). The total content of phenolic
compounds determined by FCM and PBM meth-
ods correlated very significantly with the colour
intensity of the red wines (Table 1).

Table 2. Comparison of our and published values of phenolic compounds contents in wines (mg/l GAE)

White wines Red wines
Our values (Czech Republic) 103-125 (n=7) 963-2262 (n =20)
SANCHEZ-MORENO et al. (1999) (Spain) 178-293 (n=5) 1019-2446 (n=7)
HEINONEN et al. (1998) (Finland) 265 (n=1) 1390-1600 (n=3)
JEwELL and EBELER (2001) (California) 163 (n=1) 2220, 2390 (n=2)
STEVANATO et al. (2004) (Italy)* 170-260 (1 = 16) 1921-3659 (1 = 21)
ScHOONEN and SALES (2002) (Portugal) - 938-1820 (n=5)
SIMONETTI et al. (1997) (Italy) 96-146  (n=3) 1365-3326 (1 = 10)

*catechin equivalents converted to GAE
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According to the TEAC values determined in white

are almost the same, and they are approximately wines the total antioxidant activity of wines can
be qualified in this decreasing order (TE mmol/l):

Veltlin zeleny® (6.14) > Chardonnay (5.57) > Mus-
cadel Moravia (5.08) > Veltlin zeleny?® (5.08) >

reactivity of ABTS reagent with phenolic compounds
Miller-Thurgau (5.13) > Ryzlink vlagsky” (4.78) >

FRAP and DPPH methods, respectively. The higher
is the most important factor.

20 21 22 23 24

19
Trolox was used as a common standard for the cali-

Figure 2. Contents of phenolic compounds of red wines determined by the FC and PB methods (GE umol/l), and
bration of all the methods used for the assessment of

total antioxidant activity determined by the TEAC, FRAP and DPPH methods (TE mmol/l). Colour is expressed in

AU (absorbance x dilution)
about 56% higher than for FRAP method (STRATIL

et al. 2007). TEAC method is the most reactive one
in the reaction with phenolic compounds, yielding
approximately 2.8- and 4.8-times higher values than

the total antioxidant activity. Millimolar absorption
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Ryzlink vlagsky® (4.30). A remarkably higher anti-
oxidant activity was observed in rosé Tramin (8.44).
The highest antioxidant activity was found in Ital-
ian red wine and in two Argentinian wines (34.3 to
34.7 mmol/], i.e. 5- to 6-times higher than that in
white wines). The lowest value, less than half the
highest value, was found in Modry Portugal (13.9).
The average antioxidant activity values determined
by TEAC method were 4.95 and 26.4 mmol/l in
white and red wines, respectively. The values of
antioxidant activity found in bottled Hungarian
Frankovka were inconsistent with its colour. The
values, which were slightly higher compared to the
Modry Portugal, did not correspond to the intensity
of red colour since the colour intensity was lower
than a half (possible influence of the contents of
sulfites, ascorbic acids or saccharides).

It is difficult to confront our values of antioxidant
activity with the literature data. The majority of
authors used various methods such as the inhibition
of lipid oxidation, DPPH method with the evalua-
tion of EC, (the sample concentration necessary
to reduce the remaining DPPH by 50%), and ORAC
method (Oxygen Radical Absorbance Capacity). It
is possible to compare, in part, some of the values
determined by the method TEAC using ABTS radi-
cal, e.g. SIMONETTI ef al. (1997) mentioned values
with intervals 0, 1.1 and 3.6 mmol/I for Italian white
wine (n = 3) and values with intervals 7.8—14.1
(average 12.3) mmol/l (TE) for red wine (n = 10).
These values are less than one half in comparison
to our values. The differences could be caused,
above all, by the different reaction times used in
the experiments. The authors used a very short
incubation time (only 3 min) that corresponded
to about one third to one half of the reaction time
since the reaction can proceed for up to much as
30 minutes (STRATIL et al. 2006).

FERNANDEZ-PACHON et al. (2006) presented
the values of TEAC in the range from 0.14 to
1.45 mmol/l TE for white wines (# = 13). These
TEAC values were approximately 5 to 10-times
lower then ours. This could be caused by meth-
odological differences. The authors used the
wavelength of 414 nm that gives about 13-16%
lower values than the more commonly used and
preferable wavelength of 734 nm (ArRNAO 2000)
and the reaction time about 15 min at which the
reaction reached approximately only two thirds of
its maximal response. The determined TEAC ABTS
values, 11.4-17.5 in Portugal red wines (n = 8)
and 1.4-2.9 mmol/l TE in white wines (n = 10),

using sequential injection analysis (STA) method
(PiNTO et al. 2005), differed likewise; the short
reaction time may have been the cause.

The evaluation of the red colour intensity is used
for a fast subjective visual appreciation of red wines.
Therefore the intensity of the red colour of the
wines was measured at the maximum wavelength
of wine colour (520 nm) determined by scanning
the full VIS spectrum. The intensity of the red col-
our of wines correlated very significantly with the
values of phenolics determined by both methods
used, and with the values of antioxidant activity
determined by TEAC method. The correlation
with the values determined by FRAP and DPPH
methods was significant and after the elimination
of extreme values of two wines (No. 25 and 27,
André + Modry Portugal and Zweigeltrebe) was
also highly significant. The highest red colour of
these two wines could be influenced by the addi-
tion of some exogenous colouring agent that was
not of anthocyanin origin.

Significant differences in antioxidant activity and
colour existed not only between particular types
and sorts of red wines but also inside one variety
of wine due to different origins and winemaking
procedures. Five different kinds of Svatovavrinecké
wine (Czech Republic) of different origins (re-
gion, winemaking) were analysed and the values
of antioxidant activity determined were in the
interval from 16.7 to 30.5 mmol/l. Thus, they dif-
fered almost by 100%, however, the difference in
the intensity of the red colour was approximately
only 23%.

The determined contents of ethanol in white and
red wines were rather steady, except two more ex-
treme values (10.5% and 13.6%). Fourteen wines had
the concentration of ethanol in the interval of 11-12%
and twelve in that of 12-13% (Table 1). Also the
acidity values of the wines were very similar and
fell within the pH range of 3.40-3.85 (Table 1).

Sulfite influence on phenolic compounds
determination

The addition of free SO, to wines to maximum
concentration of 30 mg/l1 is preferable to the ad-
dition of ascorbic acid. Substantial interference
of SO, with the FC reagent was reported in the
literature (OUGH & AMERINE 1988). For the reac-
tion of 1 mmol/l solution (126 mg NaZSOB/l) with
FCreagent we determined an equation A = 0.560x
concentration, which means approximately 30-
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Table 3. Determined molar absorption coefficients of
individual methods for the reaction with main saccharides
in fruits (x 1000)

Method Glucose Fructose Saccharose
FCM 0.6 2.2 0.5
PBM 0.7 2.3 0.6
TEAC -0.2 -0.6 -1.1
FRAP 0.0 0.4 0.0
DPPH 0.0 0.0 0.0

times lower reactivity than in the case of gallic acid.
Sulfite content in wines was usually in the intervals
of 1 to 75 and 10 to 250 mg/1 for free and total SOZ,
respectively, but mostly 50-100 mg/l (SANTOS &
KoRrN 2006). According to the calibration equation
is it possible to calculate that sulfites at a concentra-
tion of 100 mg/l increased the absorbance by about
0.050 and 0.006 absorbance units for white and red
wines, respectively. These values are quite insig-
nificant for red wines and they correspond only to
1.7 mg GAE for white wines. From these facts, it is
possible to conclude that 100 mg of sulfite per liter
increased the real content of phenolic compounds
approximately by 1 to 2%.

Ascorbic acid interference with methods used

Ascorbic acid is a powerful native antioxidant
present in grapes (about 50 mg/l) whose content
continuously decreases during fermentation in
the wine production (RIBEREAU-GAYON et al.
1998). Nevertheless, it can be found in wines be-
cause it is sometimes used as an additive during
processing to prevent oxidation. In Europe, the
addition of ascorbic acid is legally limited to maxi-
mum concentration of 150 mg/l. According to our
measurements, ascorbic acid interferes with all
the used methods. The literature values of ascor-
bic acid content were 25-100 mg/l (100 mg/l =
0.568 mmol/l) in some white wines and zero in red

wines (LOPES et al. 2006). Ascorbic acid should
markedly increase the absorbance of white wines
at the concentration of 100 mg/l. According to our
measurement, the increase was equal to 0.980,
0.340, 0.084, 0.560, and 0.730 absorbance units
for FCM, PBM, TEAC, FRAP, and DPPH methods,
respectively. The parameters of the calibration
equations of the methods for ascorbic acid were
published in our previous paper (STRATIL et al.
2006).

Saccharides interference
with the methods used

Glucose, fructose, and sucrose belong to the most
important saccharides present in fruits. These
sugars react with different intensity (interfere) in
both methods used for the assessment of phenolic
compounds and for the assessment of antioxidant
activity, DPPH method being an exception (it
requires donation of hydrogen radical). Molar
absorption coefficients (Table 3) of the individual
methods for the reaction with sugars express their
reactivity (STRATIL et al. 2007). As to FCM, it is
possible to evaluate their contributions in the re-
action with percentual subtraction from the total
values in the samples with their higher content
according to the known content. According to
Singleton, it is possible to express (Table 4) the
quantitative influence of saccharides depending
on the quantities of phenolic compounds and sac-
charides (SINGLETON et al. 1999). HEINONEN et
al. (1998) found the difference about 20% between
the values for the determination of total phenolics
with saccharides and without saccharides. Ac-
cording to the absorption coefficient for FCM,
it is possible to estimate that the influence of
fructose is approximately 3.5-times higher than
that of glucose and perhaps 4.5-times higher than
that of sucrose. The approximate influence of
saccharides on the values determined by other
methods (PBM, TEAC, FRAP and DPPH) can be
calculated from the average contents of residual

Table 4. Correction (%) of determined values by FCM on the contents of saccharides (SINGLETON et al. 1999)

Phenolic compounds/sugars (mg/1) 25 g/l 50 g/l 100 g/1
100 -5 -10 -20
200 -5 -8 -20
500 -4 -6 -10

1000-2000 -3 -6 -10
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saccharides and the determined absorption coef-
ficients presented in Table 3.

CONCLUSIONS

The tradition is to classify the quality of wine
based on its colour, smell, and taste rather then
on its content of compounds beneficial to health.
The determinable laboratory characteristics so
far used like alcohol, organic acids, saccharides,
and sulfites concentration relate more to the taste
quality of wine as well. The determinations of total
phenolic compounds and the total antioxidant
activity of wine tell more about the health effect
of a particular wine and can be used as critera of
quality and beneficial health effect.

Several different methods for the evaluation of
phenolic compounds and antioxidant activity of
wines are used and little is known about the pos-
sibility of the comparison of the values obtained
by different methods. Through the analyses of the
same sample by different methods we investigated
the correlations of values determined by the used
methods. The values found with the methods for
total phenolics (FCM and PBM) and total antioxi-
dant activity (TEAC, FRAP, and DPPH) determi-
nation correlated with one another and also with
the colour of wines very significantly with the
exception of FRAP method for white wines (so far
for unexplained reasons). The insignificant cor-
relation between the contents of total phenolics or
antioxidant activity and the intensity of red wines
colour might indicate artificial colouring of red
wine or mixing white and red wine.

FCM for the determination of total phenolics
and TEAC method for the determination of total
antioxidant activity can be particularly easy to
use and may be the best of the tested methods
for rapid objective evaluation of a large number
of wine samples. The assessment of phenolics
content and total antioxidant activity in white
and red wines and the introduction of these val-
ues on the bottle label would better inform the
consumer about the quality and health benefit of
the purchased wine.
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