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Antioxidant properties of liqueurs - an EPR study
ANDREJ STAŠKO - VLASTA BREZOVÁ - STANISLAV BISKUPIČ - PETER RAPTA

Summary
Antioxidant capacities of eleven commercially available liqueurs were investigated by electron paramagnetic resonance (EPR) spectroscopy using 1,1-diphenyl-2-picrylhydrazyl radical (DPPH) and a cation radical of ABTS (2,2´azino-bis(3-ethylbenzothiazoline-6-sulfonic acid salt)) as oxidants. The determined antioxidant capacities of liqueurs
evaluated as Trolox-equivalent antioxidant capacity (TEAC) were compared with those found for wine samples. Using
DPPH, most of the liqueurs (with one exception) exhibited TEACDPPH values in the range of 0.04–0.58 mmol.l-1, while
TEACDPPH values for red wines were in the range of 7.7–8.8 mmol.l-1. Closely analogous results to those found with
DPPH were also obtained using ABTS•+, as evidenced by the linear dependence between TEACDPPH and TEACABTS,
having a correlation coefficient rDPPH/ABTS•+ = 0.9938.
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Functional foods and drinks are subjects of
intensive investigation, and their health benefits
are frequently correlated with their antioxidant
properties [1-7]. There is a particular interest in
natural antioxidants and free radical scavengers in
foodstuffs due to their ability to reduce or prevent
various pathological states and ageing [1, 2, 6, 7].
Numerous reports have been published on antioxidant properties of drinks of everyday consumption such as coffee [8, 9], tea [10, 11], beer [12, 13]
and wine [14-18]. Only limited data are available
on the antioxidant activity of liqueurs [19], which
are prepared from various plant and fruit materials. Therefore, we have investigated the antioxidant properties of commercially available liqueurs
containing components extracted from numerous
plants, from which health benefits may be expected, possibly in connection with the contents of
antioxidants. The antioxidant properties were determined using paramagnetic species DPPH and
ABTS•+ as oxidants, and the antioxidant action
of liqueurs was followed by electron paramagnetic
resonance (EPR) spectroscopy, which is accepted
as the most appropriate technique for such experiments [20]. Additionally, the measured antioxidant
capacities were compared to those of several common alcoholic drinks such as cognac, white and
red wines.

MATERIALS AND METHODS
Materials

Free radical 1,1-diphenyl-2-picrylhydrazyl
(DPPH) and ABTS (2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonate) diammonium salt) were
obtained from Fluka (Buchs, Switzerland). Ethanol for UV-VIS spectroscopy was purchased from
Mikrochem (Pezinok, Slovakia).
Samples of liqueurs Becherovka (1), Czech
Republic; Becherovka (2), Czech Republic;
Demänovka bitter, Slovakia; Demänovka, Slovakia; Milder, Slovakia; Bylinovka, Slovakia; Armilar
Amaretto, Italy; Stará myslivecká, Czech Republic;
Alchymista, Slovakia; Fernet Amaro citrus, Slovakia; Noble Cherry, Germany were investigated
along with the cognac (Georgian Cognac, Georgia) and wine samples (Veltlín zelený, 2005 - white
wine, Slovakia; Frankovka modrá, 2005 - red wine,
Slovakia; Cabernet Sauvignon, 2004 - red wine,
Slovakia) used in comparative experiments.
Methods

Characterization of antioxidant capacity by
means of DPPH and ABTS•+ is based on monitoring the decrease in radical concentration upon
the addition of the drinks, because antioxidants
present in the samples terminate DPPH and
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Fig. 1. EPR spectra of DPPH radical in the investigated samples.

Spectra followed for 10 min, investigating the reference (0; the sample without drinks) and 1:19 water-diluted drinks such as:
liqueurs (1-11), white wine (12), Georgian cognac (13) and red wines (14, 15).
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ABTS•+ radicals. The decrease in radical concentration after a given reaction time (10 min in our
experiments) is then a direct measure for the antioxidant capacity of the investigated sample. The
Trolox-equivalent antioxidant capacity (TEAC)
assay was used to quantify the antioxidant capability of the investigated samples [21, 22]. This assay
compares the capability of the samples to eliminate ABTS•+ (or DPPH) oxidant with a watersoluble compound analogous to vitamin E, namely
Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2carboxylic acid). The TEAC values determined for
both oxidants (TEACABTS and TEACDPPH) are
expressed in mmol of Trolox per liter of the investigated sample.
Experimental technique

In experiments with DPPH, one syringe was
filled with 100 μmol.l-1 DPPH solution in ethanol, and a second one was filled with a sample of
the drink diluted with distilled water (drink : water = 1 : 19 v/v; or only distilled water, in the case
of the reference sample). Analogously, in experiments with ABTS•+ cation radical, a 70 μmol.l-1
ABTS•+ aqueous solution, prepared according to
[23], was filled in one syringe, and the second one
was filled with the sample of the drink diluted with
ethanol (drink : ethanol = 1 : 39 v/v; or ethanol, in
the case of the reference sample). Then simultaneously, equal volumes (1 ml) from each syringe
were passed through a small mixing chamber and
entered a flat cell fixed in the cavity of the EPR
spectrometer (Bruker EMX, Rheinstetten, Germany). The acquisition of EPR spectra started
immediately after mixing both solutions, and then
individual EPR spectra were monitored over a period of 10 min. The experiments were carried out
in triplicate and the relative deviation among the
individual samples was less than 5%.

in Fig. 1 were ordered according to their decreasing spectral amplitude, which indicates an increasing radical-scavenging capacity.
Values of TEACDPPH were determined according to the following procedure. A quantitative
measure for the concentration of radicals is the
double integral of the EPR spectra. The double
integrals of spectra monitored over 10 min were
evaluated; subsequently, the DPPH concentrations for individual reaction times were determined. The concentration of DPPH radical eliminated by the liqueur sample solution after 10 min
was used for the calculation of TEACDPPH values.
The TEACDPPH value was very low in samples
1–3 (0.04–0.11 mmol.l-1), more pronounced in
samples 4–10 (0.14–0.58 mmol.l–1), and exceptionally high in sample 11 (0.82 mmol.l-1). Their
antioxidant capacities were compared to common
alcoholic drinks, namely, white wine (12) having
a TEACDPPH value of 0.49 mmol.l-1, one sample of Georgian cognac (13) with 0.54 mmol.l-1,
and finally two samples of red wines (14, 15) with
TEACDPPH values of 7.7 and 8.2 mmol.l-1, respectively. It should be noted here that the experimental results shown in Fig. 1 were measured under
strictly identical conditions for the liqueur and the
wine samples. In experiments with red wine sam-

RESULTS AND DISCUSSION
A series of experiments was undertaken, starting with the reference sample (Fig. 1.0), where
DPPH solution is in one syringe and distilled water in another. No changes in DPPH concentration
over time were evident in 10 measured spectra of
liqueur-free solution containing no antioxidants.
Then followed a set of measurements in which diluted liqueurs were mixed with DPPH solutions.
Since antioxidants present in the samples terminate free radicals, a decrease in the concentration
of DPPH radicals was evident over a reaction time
of 10 min (Fig. 1.1-11). The liqueur samples (1–11)

Fig. 2. Antioxidant capacities
of the investigated samples.

Antioxidant capacities are expressed as Trolox-equivalent
antioxidant capacities (TEAC in mmol.l-1) of the investigated
samples such as liqueur drinks (1–11), white wine (12),
Georgian cognac (13) and red wines (14, 15) using DPPH
and ABTS•+ radicals as oxidants. The inset presents a linear
correlation between the TEAC values found with ABTS•+
and the DPPH oxidant radicals, which has a correlation coefficient rDPPH/ABTS•+ = 0.9938.
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ples possessing high antioxidant capacities, DPPH
radical was completely eliminated after only 1 min,
as evident from Fig. 1.14 and Fig. 1.15. Therefore, for more precise quantitative calculations of
TEACDPPH values for red wines, data from additional experiments using more diluted wine samples (1 : 40, v/v) were evaluated.
Experiments analogous to those described with
DPPH were also carried out using ABTS•+ cation
radical as the oxidant. The monitored scavenging
capacities evaluated in TEAC assays for all investigated samples (1-15) using ABTS•+ as well as
DPPH radicals are presented in Fig. 2. Very similar results were obtained with both oxidants, as the
inset in Fig. 2 also shows, where a linear correlation between the antioxidant capacities of ABTS•+
and DPPH is found, with a correlation coefficient
rDPPH/ABTS•+ = 0.9938. The slightly higher antioxidant capacities observed with ABTS•+ in comparison to DPPH may be explained by the higher
ABTS•+ redox potential [24], which means that
a portion of the antioxidants with higher oxidation potentials might have been included in electron transfer reactions with ABTS•+ but not with
DPPH [25].
The comparison of the antioxidant capacities
of liqueurs with other drinks (e.g. wines) reveals
surprisingly low levels of antioxidant capacities in
numerous liqueurs compared to red wines.
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