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A two-column solid phase extraction was used to determine the operationally defined speciation of
Cu in lager beers and red wines. Applying a nonionic macroreticular adsorbing resin Amberlite XAD-
16 and a gel type strong cation exchange resin Dowex 50Wx8—200, three different groupings of the
chemical forms of Cu, including the hydrophobic, the cationic, and the residual species fractions,
were separated and determined. The total content of Cu in the analyzed samples and its
concentrations in the distinguished fractions were measured using flame atomic absorption spectro-
metry without any special preparation of the sample solutions. It was found that the residual species
(72—82% of the total content), being polar and noncationic forms of Cu, are the most abundant
fraction of Cu in the analyzed beers. In the case of wines, the fraction of the hydrophobic species
was established to have the highest share in the total Cu content, that is, 27—77%. This fraction
was presumed to contain relatively strong complexes of Cu with various flavonoids and other
polyphenols.
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INTRODUCTION

The investigation of the Cu species in alcoholic beverages has a
certain chemical interest and food safety importance (7). In most
respects, the Cu ions, similar to the Fe ions, are assumed to be
responsible for the activation of O, and the initiation of beer and
wine oxidative spoilage and staling (2—6). In the presence of the
simple Cu(I) ions, the excessive amounts of O, may be reduced to
the superoxide anions (O, ). This reaction can likely be stimu-
lated by the presence of the certain phenolics that may initially
reduce the Cu(Il) ions to the respective Cu(l) ions. In the
subsequent reactions, the resulting O,  anions can give rise to
the perhydroxyl radicals (OOH®), the peroxide anions (0,2 "), and
finally hydrogen peroxide (H,O,). The latter compound seems to
be the main source of the hydroxyl radicals (OH"), possibly
generated in the successive Cu-induced reactions (2—6). All the
aforementioned oxygen species, that is, O, , HOO®, H,0,, and
HO?, are recognized to readily react with various organic con-
stituents of beer and wine, including ethanol, carboxylic, and
amino acids, in addition to different polyphenolic species. As a
result, a variety of the carbonyl oxidation products such as
aldehydes, quinones, and different radical intermediates tend to
appear, leading to the flavor staling and stability degradation of
beer and wine (2, 3, 7).

Because the rate of staling is supposed to be influenced not only
by the total Cu concentration but mainly the type of species in
which this metal is present, that is, the labile forms or the
complexing ions with different organic compounds (§—10), the
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determination of the ultimate Cu forms in beers and wines seem to
be of special importance (//—16). It has lately been acknowledged
that all stable organically bound forms of Cu probably decrease
the generation and the oxidative activity of the reactive oxygen
species responsible for the spoilage of finished beers and wines (2).
Unfortunately, a number of research works that have been
published so far primarily focuses on the determination of the
total content of Cu rather than the identification and quantifica-
tion of the ultimate Cu species present in beers and wines (/7—31).
The experimental evidence on the speciation of Cu in both
beverages is rather uncommon, especially in the case of beer.
The operationally defined speciation of Cu in wine has been more
often explored using various electroanalytical techniques, that is,
differential pulse anodic stripping voltammetry (32, 33), poten-
tiometry with ion-selective electrodes (32), and stripping
potentiometry (/3—15). These techniques enabled to assess in
white and red wines the labile Cu species, comprising free metal
ions and those dissociated from the unstable Cu complexes with
the organic compounds, and the simple Cu ions. Other methods
for the fractionation of Cu in wine were the use of ultrafiltration
membranes with different molecular cut-offs (34) and a two-step
column solid phase extraction (SPE) with different ionic and
nonionic polymer sorbents (/6).

The present study was conducted with the intention to establish
an analytical procedure relevant for the fast and simple determi-
nation of the total content of Cu and its fractionation forms,
particularly the labile Cu species and the extent of the organic
complexation of Cu, in beers and wines. For this reason, a
two-column SPE fractionation scheme, in which a nonionic
macroreticular adsorbing resin Amberlite XAD-16 (first column)
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connected with a gel type strong cation exchange resin Dowex
50Wx8-200 (second column), was proposed. The suitability of
this approach to the chemical fractionation of Cu was examined
in detail. Carrying out the fractionation analysis, three opera-
tionally defined groupings of the Cu species, differing in hydro-
phobicity and charge, were discriminated and determined. The
results concerning the distribution of the Cu fractionations in the
analyzed beers and wines were discussed in reference to the
previously published works. The possible connections between
the classified fractions and the chemical compounds that likely
bind Cu were established.

MATERIALS AND METHODS

Instrumentation. A Perkin-Elmer model 1100 flame atomic absorp-
tion spectrometer (FAAS) was applied for the determination of Cu
concentrations. The measuring instrument was operated according to
the specific instructions given by the manufacturer. Additionally, to
achieve best performance and sensitivity, the position of a concentric
nebulizer and a burner were adjusted with the flame running. The air-
acetylene stechiometric combustion flame was operated at 1.5 (fuel) and
8.0 (oxidant) L min~'. An absorption line of Cu at 324.8 nm and a spectral
band at 0.7 nm were selected for the measurements. A hollow cathode
lamp (HCL) for Cu was operated at 15 mA. The readouts were averaged
for three readings using a hold mode with an integration time of 1 s. The
concentrations of Cu in the solutions were measured using six external
standard solutions at the level 0£0.02, 0.05, 0.10, 0.20, 0.50, and 1.0 mg Lt
(the calibration curve method) and the method of two standard additions.
The LOD and LOQ 0f 0.005 and 0.015mg L™, respectively, were assessed
for Cu under the selected operating conditions.

The Supelco glass columns (10 mm ID) with the coarse frits and Telfon
stopcocks were used for SPE. A 4-channel MasterFlex L/S peristaltic
pump (Cole-Parmer, U.S.A.) was employed to maintain and control the
flow rates of the solutions passed through the SPE columns.

Chemicals and Solutions. All reagents used were of analytical grade
(POCh, Poland). Deionized water was used throughout. A Merck
(Germany) stock standard solution of 1000 mg L™" of Cu(I) was used
to prepare the 10% (v/v) aqueous-ethanolic working standard solutions
(50 mL) containing 0.2 mg L™" of Cu. In a corresponding way, the
working standard solutions of Cu with tartaric (500 mg L™") and tannic
(500 mg L") acids added to complex this metal were also prepared. All
these solutions were adjusted to pH 3.5, 4.0, 4.5, and 5.0 using 2 mL of the
respective 0.10 mol L™ standard acetic acid—sodium acetate buffering
solutions and applied for characterizing the sorption properties of the
polymeric sorbents.

Resin Preparation. A Sigma-Aldrich nonionic macroreticular ad-
sorbing resin Amberlite XAD-16 (matrix: polystyrene, apolar; particle
size: 20—60 mesh; surface area: 800 m? g~ '; mean pore size: 100 A; pore
volume: 1.82mL g~ '; dipole moment: 0.3 D) and a Sigma-Aldrich gel-type
strong acidic cation exchanger Dowex 50Wx8-200 (matrix: styrene-divi-
nylbenzene; cross-linkage: 8%; matrix active group: sulfonic acid; particle
size: 100—200 mesh; sorption capacity: 1.7 meq mL~") were taken as the
sorptive phases for SPE. Prior to use, the adsorbing resin was dried in an
oven for 4 h at 110 °C. The 1.0 g portions of the resulting dried adsorbent
were wetted with methanol and then with water and poured later on into
the columns as water slurries. The resin beds of Amberlite XAD-16 were
washed with 10mL of a 1.0 mol L' HCl solution and subsequently rinsed
with 20 mL of water to remove the excess of HCI. The 1.0 g portions of the
cation exchange resin were wetted with water and then poured into the
SPE columns. The resin beds formed were flushed with 10 mL of a 1.0 mol
L ™" HCl solution and next washed with 20 mL of water. Finally, 10 mL of
a 1.0 mol L™" NaOH solution were passed through the columns, while the
excess of NaOH was removed washing the resin beds with 20 mL of water.
Water and the conditioning solutions were passed through the columns at
a flow rate of 2.0 mL min™ .

SPE Column Operation. The sorption behavior of the simple ions of
Cu(Il) and the complexing ions of Cu with tartaric and tannic acids,
representing the low and high molecular weight organic compounds,
respectively, toward the Amberlite XAD-16 and Dowex 50Wx8-200 SPE
columns were thoroughly examined. The working standard solutions were
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passed through the SPE columns filled with the resins (1.0 g) at the flow
rate of 1.0 mL min~". After passing about 40 mL of each solution through
the column, the respective column effluent (5.0 mL) was collected to
measure the concentration of Cu not retained by the resin (Ceg). The
percentage efficiency of Cu retention was evaluated relating the content of
Cu retained by the resin to its original content in the working standard
solution (Cys), that is, 100% X (Cys — Cei)/Cys. In case of the Dowex
50Wx8-200 resin, 0.5, 1.0, and 2.0 mol L™ solutions of HCl and HNO;
were additionally tested for a complete elution of Cu from the resin. For
this purpose, the working standard solutions of the simple Cuions (pH 4.5)
were passed through the SPE columns at the flow rate of 1.0 mL min ™",
and then 10 mL of the selected solutions were used to recover the fraction
of Cu retained. The relevant eluate portions (10 mL) were collected and
analyzed for the amount of Cu desorbed from the resin (Ce). The
percentage efficiencies of Cu recovery were determined relating the content
of Cu desorbed to its original content in the working standard solutions,
that is, 100% x Cg/SCys. All the retention and recovery efficiencies given
are average values for three independent replicates (n = 3) and consider
the respective column blanks. The figures behind are the standard
deviations.

Direct Analysis, Wet Digestion, and Fractionation Procedures.
Four Polish canned pale lager beers (B, B2, B3, B4), containing from 4.5
t0 6.2% (v/v) of ethanol, and four Bulgarian bottled semidry and dry red
wines (W1 Cabernet Sauvignion, W2 Melnik, W3 Merlot, W4 Pinot Noir),
with 12—14% (v/v) of ethanol contained, were investigated in this
contribution. After opening, the analyzed beers and wines were filtered
through the 0.45 um Nylon 66 membrane filters (Supelco).

For the direct analysis, beers were measured undiluted, the wine
samples were diluted four times with water. The recovery test was studied
as follows: 10 mL portions of beer and wine samples were spiked with a
100 mg L ™! standard solution of Cu(IT) at such volumes that the added Cu
amounts approximately doubled the final concentrations of Cu in the
sample solutions. Then the direct analysis of the samples was carried out.

To determine the total content of Cu, portions of the resulting beer and
wine filtrates (25 mL) were sampled and digested in concentrated
HNO; with added 30% (m/v) H,O,. The samples were transferred into the
100 mL glass beakers, covered with the watch glasses and allowed to
boil, but without spattering, to evaporate ethanol and reduce the
sample volumes to approximately 1 mL. Afterward, concentrated
HNO; (5.0 mL for beer and 10 mL for wine) was added and the sample
aliquots were again evaporated to about 1 mL and let down to cool. In the
next turn, 30% (m/v) HyO, (5.0 mL of beer and 10 mL for wine) was added
and the heating was prolonged until the sample volume was reduced to
near dryness. The residues left were dissolved and diluted with water to
10 or 25 mL, respectively, in the case of beer and wine samples. Each
sample was analyzed in triplicate (n = 3) along with the respective reagent
blanks.

For the study of the Cu partitioning in beers and wines, 25 mL portions
of filtered beers and wines were passed at the flow rate of 1.0 mL min ™"
through the SPE column filled with the nonionic Amberlite XAD-16
adsorbing resin. The resulting effluent was instantly directed to pass
through the second SPE column filled with the Dowex 50Wx8-200 cation
exchanger. After passing 20 mL of the sample through both SPE columns,
a 5.0 mL portion of the effluent from the first SPE column was collected
prior to the analysis for the content of Cu not retained by the adsorbent
(Cefr, 1)- Another 5.0 mL portion of the effluent from the second SPE
column was sampled to evaluate the content of Cu not retained by both
linked columns (Ce, »). Afterward, the columns were split out and the
cationic Cu forms were eluted from the second SPE column using 10 mL of
a2.0mol L™ " HCl solution at the flow rate of 1.0 mL min~'. The respective
10 mL eluates were collected and analyzed for the content of Cu retained
by the cation exchange resin (Cqj, »). Subjecting the analyzed beer and wine
samples to this fractionation procedure, three different species groupings
for Cu were distinguished and determined (see a schematic manifold of the
fractionation procedure in Figure 1). It included the organically bound,
hydrophobic Cu species (retained on the first SPE column, Cyy), the
cationic Cu species (retained on the second SPE column, Ccp), and the
residual Cu species (not retained by both SPE columns, Cgrg). The
percentage contributions of the discriminated classes of the Cu species
were assessed relating the content of Cu in the separate fractions to its total
content determined in the examined beer and wine samples. Each time the
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Figure 1. Schematic manifold applied for the SPE fractionation procedure.

fresh resin portions were taken for SPE and the performing of the
fractionation analysis.

RESULTS AND DISCUSSION

Adsorbent Characterization. The nonionic macroreticular
Amberlite XAD-16 adsorbing resin was used in the present
contribution to differentiate the fraction of the hydrophobic
species of Cu, mostly associated with phenolic substances present
in beers and wines that have been found to have a relatively high
affinity for the complexation of the divalent transition metal
ions (11, 16). Previously, the Amberlite XAD-16 resin was used
for the separation of the organically bound species fraction of
some transition metals from their simple ions present in the lake
water samples (35). Nevertheless, this resin has very little been
explored and applied for the purpose of the speciation and
fractionation studies of metals as compared with other Amberlite
XAD resins, including XAD-2, XAD-7, and XAD-8§ (16,36 —38).
One difficulty, however, is that the Amberlite XAD resins,
previously used to distinguish the organically bound metal
species, were also found to retain considerable amounts of the
simple metal ions. This unspecific retention could be possible due
to the presence of some polar impurities that were assumed to act
as cation exchange active sites (16, 36,37, 39).

Here, at the outset, the Amberlite XAD-16 resin was also
examined on its eventual cation exchange behavior and sorption
of the simple Cu(II) ions. Analyzing the effluents collected after
passing the working standard solutions of the Cu(II) ions through
the columns, it was found that the studied adsorbent does not
retain the simple Cu(II) ions at pH values ranged from 3.5 to 5.0.
The concentrations of Cu determined in the effluents were on
average 100 + 1% of its original concentration in the working
standard solutions. This reveals that the Amberlite XAD-16 resin
does not contain any polar impurities that could have a certain
cation exchange capacity. It also suggests that an ultimate
sorption of the metal ions on the nonionic adsorbing Amber-
lite-type resins reported in previous works could rather result,
depending on pH, from a formation of hydrolyzed or complexed
forms of metals, as was suggested before (35). In this way, no
additional pretreatment with the solutions of Bi(IIT) or In(III)
salts formerly reported (36, 37, 39) was necessary for the Amber-
lite XAD-16 resin used in the present contribution.

Additionally, it was found that Amberlite XAD-16 does not
either retain Cu when passing the working standard solutions
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(pH 3.5—5.0) with added tartaric acid. Again, the content of
Cu determined in the respective effluents was on average
99.8 £+ 1.3% of its initial concentration in the working standard
solutions.

The behavior of the Amberlite XAD-16 resin toward the
organically bound Cu species was investigated on the example
of the complexes of Cu with tannic acid. Apparently, it was
established that the relative retention efficiencies for Cu at the
studied pH are relatively low and this could possibly be attributed
to low efficiencies of the formation of the respective complexes of
Cu with tannic acid under the experimental conditions examined.
Recently, it has been indicated that indeed the stability of the
species of Cu bound by the high molecular weight phenolic
substances critically depends on the experimental conditions (40).
The efficiency of Cu retention for the Amberlite XAD-16 resin
found here was changed from 10.2 £+ 2.1% (pH 3.5) to 35.4 £+
2.5% (pH 5.0), indicating that Cu was present to a high degree as
the uncomplexed forms. Additionally, there was hardly any
difference noted (lower than 2%) between the retention efficien-
cies for Cu obtained when using two different ethanol concentra-
tions, that is, 5.0 and 10% (v/v), in the working standard
solutions. All these results achieved are consistent with the earlier
findings (47) because they expose that for the more than 100 times
higher concentrations of tannic acid as compared to the Cu(II)
ions the contribution of the stable Cu-tannic acid complexes is
much lower than the respective contribution of the simple Cu(II)
ions or the labile Cu species.

Finally, the effect of the mass of the Amberlite XAD-16 resin in
the range 0.6 to 2.0 g and the flow rate of the solutions passed
through the SPE columns in the interval 0.5 to 4.0 mL min~' was
investigated on the retention of Cu from the working standard
solutions containing tannic acid (pH 4.5). In the course of these
experiments it was found that the retention efficiency for Cu
remains unchanged regardless of the mass of the resin beds.
However, when applying the sample flow rates higher than
1.0 mL min~" it was found that the amount of Cu retained by
the resin decreases. Hence, the resin mass of 1.0 g and the flow rate
of 1.0 mL min~" were selected for further experiments. The
selection of a suitable eluent enabling a complete recovery of
Cu retained on the Amberlite XAD-16 resin in the form of the
complexes with tannic acid was abandoned since it was intended
to use a nonelution approach to evaluating the contribution of the
hydrophobic Cu species fraction.
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Cation Exchanger Characterization. The Dowex 50W resins
were used before for the operationally defined speciation of Cu,
Fe, Mn, and Zn in beers and wines in different fractionation
approaches (16, 38,42, 43). In reference to the experience gained
in these works on the retention of the complexes of Fe, Mn, and
Zn with polyphenolic substances it was decided that the Dowex
50Wx8-200 resin used in the fractionation procedure proposed
here should follow the Amberlite XAD-16 adsorbing resin. At the
same time, it was verified that indeed this strong cation exchange
resin completely retains Cu from the solutions containing tannic
acid. The retention efficiencies found for Cu were ranged from
100 £ 1% (pH 3.5) t0 98.7 + 1.6% (pH 5.0). This suggests that a
direct treatment of beer and wine samples with the Dowex S0W
type strong cation exchangers could lead to an overestimation of
the cationic fraction of Cu.

When passing the working standard solutions containing Cu
and tartaric acid through the cation exchanger, the largest part of
Cu was found in the respective column effluents, likely due to the
presence of the neutral and negatively charged tartaric complexes
of Cu, that is, CuL or CuL,”", formed under the studied
conditions. Accordingly, at pH 3.5 the sum of these complexes
accounted for 68.2 & 2.3% of the total Cu content, while at pH
5.0 it was 97.3 &+ 2.9%. For both ethanol concentrations
examined, that is, 5.0 and 10% (v/v), the differences between
the results were indistinguishable. These findings were confirmed
calculating the distribution of the Cu(IT)—tartaric acid complexes
at given pH values using a Hyperquad Simulation and Speciation
(HySS) program, version HySS2006. Accordingly, it was assessed
that under the studied conditions more than 60% (pH 3.5) to
almost 100% (pH 5.0) of Cu(II) is present in the solution in the
form of mentioned neutral and anionic complexes, unable to be
retained by the cation exchange resin.

The studied resin was also found to quantitatively retain Cu
from the working standard solutions of its simple divalent ions.
The retention efficiencies determined for Cu were varied from
99.2 £ 1.1% (pH 4.0) to 101 = 1% (pH 3.5). In addition, it was
found that among different HCl and HNOj solutions, 10 mL of
2.0 mol L™! HCl solutions produces the complete recovery of Cu
(100 £ 1%) from the investigated cation exchanger.

Total Cu Content Through Direct Analysis. The presence of
ethanol at the level of 4—15% (v/v) and a multitude of different
organic substances and minerals makes beer and wine very
complex matrices for the analysis by the atomic spectrometry
methods. The measurements with FAAS can be accompanied by
different physicochemical interferences, and therefore, the selec-
tion of a suitable sample pretreatment procedure and a calibra-
tion strategy is critical for obtaining the dependable and accurate
results of the analysis. Considering the effort and time spent for
routine analyses, the preparation procedures should however be
uncomplicated and free from the risk of contamination by the
impurities or losing the analytes. These criterions are fulfilled
when the sample treatment is avoided and the beer and wine
samples are directly analyzed. However, this kind of measure-
ments of the total metal concentrations using FAAS is really
infrequently reported in the literature (16, 19, 26).

Pursuing the interest in assessing the information on the total
content of Cuin beers and wines in a fast and uncomplicated way,
the suitability of the analysis of the undigested beer and wine
samples was investigated and verified in the present contribution.
Following the earlier reports (16, 19, 26), the method of two
standard additions was applied for the determination of Cu in the
analyzed samples to eliminate the possible matrix effects.

The total concentrations of Cu in the analyzed beers and
wines were found to be respectively within the ranges
0.078—0.098 mg L™" and 0.175—0.571 mg L™' (see Table 1).
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Table 1. Total Concentration of Cu (Mean Value + Standard Deviation) in the
Analyzed Beers (B) and Wines (W)

total concentration (mg L™ ")

sample  direct analysis?  acid digestion®  total dissolved fraction® (mg L")

B1 0.086 +0.003  0.084 +0.006 ¢
B2 0.098 4 0.008  0.104 +0.010 ¢
B3 0.092 +0.003  0.093 +0.004 ¢
B4 0072 +0.004 0.081 +0.006 °
Wi1 0.368 +0.023  0.372 £ 0.048  0.353 £ 0.025

w2 0.238 £ 0.010
W3 0.175 4 0.005
W4 0.571 £ 0.022

0.229 £0.018  0.243 £ 0.011
0.178 +0.007  0.173 & 0.004
0.585 £0.045 0.561 & 0.017

@Beers: measured in undiluted and degassed samples, n = 3; wines: measured in
4-fold water diluted samples, n= 3. °Measured in digested beer and wine samples,
n = 3. °Measured in 4-fold water diluted wine filtrates (0.45 um), n = 3. “Not
analyzed.

To verify if the proposed method of analysis provides reliable
results, they were compared to those obtained after the wet
digestion of beer and wine samples in the mixture of concentrated
HNO; with added 30% H,0O, and using the external standard
solutions for the calibration. Applying the paired -test for the
results achieved it was found that the respective Cu concentra-
tions determined with both methods are comparable. The differ-
ences between the results were found to be statistically
insignificant at the 0.05 significance level. In addition, the
recoveries of added Cu were investigated for the analyzed beers
and wines. It was established that they were within 98.5—100% in
the case of beer samples and within 99.1—101% in the case of
wine samples. This proves that the proposed procedure of the
direct beer and wine analysis is reliable and supplies the depend-
able results, but in a much shorter time and without the use of the
chemical reagents as compared to the sample decomposition and
the analysis of the resulted digests.

It was reported before that the determination of Cu by FAAS
in the samples containing 10% of ethanol produces about a
20—25% decrease in the sensitivity (26, 44). However, at the
ethanol levels lower than 5.0%, the deterioration of the absor-
bance signals for Cu was recognized to be much less detrimental
or did not appear at all (26). Hence, the influence of beer and wine
matrices on the response from Cu during the direct measurements
of the certain beer and wine samples by FAAS was checked here.
Fortunately, the concentrations of Cu assessed under the use of
two standard additions closely corresponded to those achieved
using the method of the calibration curve with the external
aqueous standard solutions. It was found that the total Cu
concentrations obtained with these two calibration strategies do
not statistically differ (p = 0.05) from each other. These findings
support formerly described observations (26, 44) that low
amounts of ethanol in the analyzed samples do not affect the
atomization process and the atomic cloud formation in the air-
acetylene flame.

Fractionation of Cu in Beers and Wines. The experimental
evidence of different chemical forms of Cu in beer can be regarded
as unsatisfactory. So far, the charge of the Cu species has been
established treating a degassed beer sample with the separate
cation and anion exchange SPE cartridges (/7). Determining the
Cu content in the effluents collected, the information on the 72
and 34% shares of the nonanionic (the positively charged species,
mostly the metal cations) and the noncationic (the anionic metal
species associated with large molecular mass organic compounds)
Cu species, respectively, was obtained in the cited work. In the
case of wine, the operationally defined chemical speciation has
been carried out using mainly the electrochemical stripping
techniques and therefore, the information about the sum of the
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Figure 2. Distribution of the Cu species fractions in the analyzed beers and wines. The results are average (n= 3) percentage contributions with respect to the

total Cu concentrations; the pooled relative standard deviations are denoted.

free Cu(II) ions with the labile bound Cu species was retrieved.
This fraction was reported to contribute 13—91% to the total Cu
content (13, 14,32). The operationally defined speciation of Cu in
wine based on the use of the SPE columns with different ionic and
nonionic solid sorptive phases has also been reported (/6).

When the fractionation procedure described in the present
work was used, three different fractions were distinguished,
including the hydrophobic, the cationic, and the residual Cu
species. The proposed procedure is simple to operate and does not
produce high working costs. Furthermore, the total concentra-
tions of Cu in the analyzed samples of beers and wines and the
content of Cu in the separated fractions are determined without
any sample pretreatment. As a result, the possible disturbance of
the equilibrium between the Cu species and contamination of the
samples are minimized. The percentage distribution of distinct
fractions of the Cu species in analyzed beers and wines are given in
Figure 2.

In the case of beers, it was established that the most abundant
class of the Cu species discriminated with the two-column SPE
fractionation procedure is the residual species fraction. This
fraction was presumed to contain the Cu species that were not
retained by the adsorbing resin, neither by the cation exchanger,
and, therefore, it was attributed to the presence of nonhydro-
phobic and noncationic Cu forms, that is, any neutral and
negatively charged species. The contribution of this fraction in
the studied beers was found to be 74—82% of the total Cu
content. These results are in a good agreement with the findings of
Svendsen and Lund (/7), who determined that the share of the
noncationic species of Cu, found upon the analysis of the cation
exchange cartridge effluent, was 72% of'its total concentration in
the analyzed beer.

The contributions of two other species fractions of Cu deter-
mined in the analyzed beers were much lower as compared to the
residual species fraction. The hydrophobic species fraction, likely
containing the polyphenolic bound Cu forms, was evaluated to
account for 10—14% of the total Cu content. The donation of the
cationic species fraction, presumably including the free Cu ions,
the stable cationic complexes of Cu and the labile complexes of
that metal, was established to change from 12 to 13% as related to
the total Cu. It can be seen that the sum of the contributions of
these latter fractions, being within the range 22—27%, well
corresponds to the 34% contribution of the cationic fraction
reported before by Svendsen and Lund (/7), who assessed it
measuring the content of the nonanionic Cu species in the effluent
of the anion exchange cartridge. This suggests that the cationic Cu

species fraction, formerly evaluated using two separate cartridges
with the ion exchangers, could be overestimated due to the
retention of the organically bound Cu species.

In the case of the analyzed red wines, a higher variability in
the results for the hydrophobic and the cationic species fractions
can be observed as compared to the fraction distribution
assessed for beers. A higher degree of variability in the content
of different organic substances capable of complexing the Cu ions
might be responsible for that. Indeed, the hydrophobic species
fraction of Cu was found to change from 27 to 77% in reference to
its total concentration. This fraction was presumed to be attrib-
uted to the strong complexes of Cu with various anthocyanins,
flavonoids (flavanols, flavonols) and other polyphenols (i.e.,
tannins) that have been reported to be contained in red wines
in relatively high amounts (45—49). Other large organic mole-
cules, including peptides, proteins, and polysaccharides, could
also contribute to this fraction because these compounds
were reported to usually exist in the complexes with poly-
phenols (16, 49).

As can be seen from Figure 2, the range of the distribution of
the cationic species fraction of Cu assessed for the analyzed wines
is also extensive and accounts for 8—72% of its total concentra-
tion. Similarly, a great variability in the contribution of the free
Cu(II) ions with the labile Cu species was formerly reported
for wines analyzed with the electrochemical stripping techni-
ques (13, 14,32). This class of the species was supposed to contain
the simple Cu ions and the labile complexes of Cu with amino and
carboxylic acids, which were formerly recognized to be rather
weak ligands of Cu at the typical enological conditions (45 —49).
Due to its nature, this fraction can be regarded as the most easily
absorbable and with the highest propensity to undergo the
spoilage and staling reactions in wine as was suggested before
(13,15, 16).

Finally, the less abundant class of the Cu species in the
analyzed wines was found to be the residual fraction (6—17%
of the total Cu content), which could possibly be attributed to the
presence of stable anionic and/or neutral complexes of Cu. The
contribution of this fraction well corresponds to the 5—11%
contribution previously reported for the negatively charged
species of Cu separated in red wines as well (/6).

The information assessed through the fractionation analysis
presented here could have a special value for brewers and wine-
makers as well as common consumers of beers and wines.
Apparently, the knowledge on the respective classes of the
chemical forms of Cu, especially the hydrophobic and the cationic
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species, can be useful for explaining the conditions of the Cu
induced oxidative spoilage of beer and wine, resulting in the
undesirable alteration of their quality and stability.

Reliability of Results. In general, the quality control of the
results of the operationally defined speciation analysis is difficult.
To verify the results obtained for the hydrophobic Cu species
fraction, the samples of studied beers and wines were treated with
another macroreticular adsorbing resin Amberlite XAD-7. The
results achieved and related to the donations of this species
fraction to the total Cu concentrations in the analyzed samples
are given in Figure 2. It can be seen that the percentage contribu-
tions of the hydrophobic Cu species fractions obtained with
both adsorbing resins are comparable, which proves the
consistency and reliability of the fractionation approach pro-
posed. The differences between the fraction contributions were
found to change within —1.7 to +1.1%. In addition, the sums of
the fraction contributions assessed with the fractionation proce-
dure described are from 97.8 £ 5.1% (sample B3) to 104 &+ 6%
(sample B4). This suggests that Cu, present in the form of
different physicochemical species varying in hydrophobicity
and charge, was quantitatively recovered from the analyzed
alcoholic beverages. The precision of the results achieved using
the described partitioning procedure is also satisfactory. The
pooled relative standard deviations found for the fractions
classified were in the ranges 1.2—4.7%, 0.5—-3.6%, and
1.3—6.3%, respectively, for the hydrophobic, the cationic, and
the residual species fractions.
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