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Abstract

Grape pomace is composed of seeds, skins and stems that are an important source of
phenolic substances, which have antioxidant properties and potential benefits to human
health. Cyclic voltammetry (CV) has been used to measure the total antioxidant potential
of different winemaking by-products. The electrochemical behavior of pomace, seeds,
skins and stems was measured by CV and lipid peroxidation inhibition by thiobarbituric
acid reactive substances (TBARS) method. Differences for the electrochemical parameter
were found between the by-products, pomace and seeds, which presented the greatest
voltammetric peak area. Furthermore, the by-products induced inhibition of lipid
peroxidation in rat liver homogenates. Pomace and seeds showed higher capacity to
inhibit lipid peroxidation than stems and skins, which could be because these by-products
are richer in flavanols. Simple regression analyses showed that voltammetric parameters
are highly correlated to the values obtained for lipid peroxidation inhibition. CV is a
promising technique to estimate the total antioxidant potential of phenolic extract from

winemaking by-products.
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INTRODUCTION

Oxidative stress takes place when there is an imbalance between the production of
reactive oxygen species (ROS) and the antioxidant defense systems [1]. ROS, such as
superoxide anion radical (O2 "), singlet oxygen (*O2), hydrogen peroxide (H202), and
hydroxyl radical (OH*), are constantly generated in living organisms by endogenous
(metabolism, inflammatory reactions) or exogenous sources (environmental factors) [2].
They attack proteins, DNA and lipids generating important tissue damage. Specifically,
lipid peroxidation affects unsaturated fatty acids in membrane phospholipids and
cholesterol causing irreversible cellular and tissue damage associated with several
pathologies and health conditions, like artherosclerosis, cancer and aging [3, 4].
Antioxidants delay the oxidation of proteins, DNA and lipids due to their antioxidant
properties [4]. Phenolic compounds (flavonoids and non-flavonoids) from winemaking
by-products are recognized as important antioxidants and have been related with benefits
on human health [5, 6]. These by-products are considered as a natural source of
antioxidants that may be used as functional compounds; therefore, the recovery of
phenolic compounds from winemaking by-products has received much attention in the
past years and nowadays, and industries are finding alternative solutions for the
exploitation and valorization of those by-products [7].

Different spectrophotometric methods have been used to determine the in vitro
antioxidant activity, such as ABTS (3-ethylbenzothiazoline-6-sulfonic acid), DPPH (1,1-
diphenyl-2-picrylhydrazyl) and ORAC (Oxygen radical absorbance capacity), that
measure the ability of antioxidants to scavenge a radical, FRAP (Ferric reducing
antioxidant power), CUPRAC (Cupric reducing antioxidant capacity) and CERAC

(Cerium reducing antioxidant capacity), that measure the capacity of antioxidant to



reduce metals, and TBARS (Thiobarbituric acid reactive substances), which is used to
measure the lipid peroxidation inhibition [8].

On the other hand, electroanalytical methods are also used to measure the antioxidant
activity [9, 10]. Cyclic voltammetry (CV) is a simple, fast and inexpensive
electrochemical technique that could become an alternative to traditional
spectrophotometric techniques to measure the antioxidant activity. CV has been
successfully used to determine the antioxidant capacity of blood plasma, vegetable oils,
milk, orange juice, wines and winemaking by-products and to correlate the analytical
response to the phenolic composition [11-17].

The application of cyclic voltammetry to wine analysis dates back to 1988 [18]. In that
work, CV was used to evaluate the suitability of using an electrochemical detection
method coupled to HPLC, to detect and identify flavonoids and procyanidins in wine
extracts. However, the first application of CV to characterize antioxidant properties in red
and white wines was reported in 2001 [15]. It was shown that CV provides a qualitative
and guantitative assessment of wine phenolics based on their reducing strength, and
charge passed to 500 mV (vs Ag/AgCl). They also demonstrated the coherence of the
cyclic voltammetric response with the phenolic information provided by HPLC, Folin-
Ciocalteau assay and absorbance at 280 nm on white and red wines [16].

Cyclic voltammetry appears as a simple method to estimate the total antioxidant capacity,
as previously reported [19]. This paper indicates that total antioxidant potential comprises
both parameters peak anodic current and peak anodic potential (Epa and Ipa, respectively).
Epa describe the antioxidant property and Ipa is directly proportional to the concentration.
Ipa is highly correlated to the area under the curve and is used as a measure of the
concentration of total phenols [17-20]. Several in vitro methods have been employed to

measure the antioxidant activity, however they only evaluate a particular mechanism (for



example, ABTS method measures scavenging activity against certain types of free
radicals) and not the total antioxidant activity [8]. Thus, previous studies reported a non-
correlation between cyclic voltammetric parameters and results of spectrophotometric
methods such as ABTS assay [17, 20].

In this sense, the aim of this work was to check if the cyclic voltammetry could be used
as a measurement of the total antioxidant potential of different winemaking by-products,
and to correlate the results with those obtained from the TBARS method, using livers as
in vitro biological system. Firstly, samples were tested using cyclic voltammetry to
evaluate their electrochemical behavior. Secondly, samples were analyzed using the
TBARS assay in order to determine their ability to inhibit the lipid peroxidation. Finally,
correlations between results were also stablished.

MATERIALS AND METHODS

Samples and reagents

White winemaking by-products from Zalema grapes (Vitis vinifera L.) used in this study
were pomace, and skins, seeds, and stems separated from pomace. They were obtained
from a winery located in Condado de Huelva Designation of Origin (southwestern Spain).
Ten samples of grape pomace were taken every week from the beginning of the harvest
(30 August) until the ending (30 September), after the grapes were pressed for
winemaking. Seeds, skins and stems were manually separated from the grape pomace
samples and all samples were further freeze-dried.

Methanol, Folin-Ciocalteu reagent, trichloroacetic acid and ethylenediaminetetraacetic
acid were obtained from Panreac (Barcelona, Spain). Gallic acid, catechin, quercetin,
caffeic acid, disodium hydrogen phosphate, sodium dihydrogen phosphate, sodium

carbonate, sodium chloride, tris(hidroxymethyl)amino-methane, phenylmethylsulfonyl



fluoride and cumene hydroperoxide were purchased from Sigma-Aldrich (Madrid,
Spain). 2-thiobarbituric acid was obtained from Merck (Madrid, Spain).

Sample preparation and extraction

The by-products samples (pomace and seeds, skins and stems) were extracted with 75%
methanol according to the methodology described previously [21]. The sample (5 g) was
homogenized in 25 mL of the solvent, kept under shaking for 1 h in a shaking apparatus
(VWR Incubating minishaker) and further centrifuged at 4190g for 15 min; the
supernatant was collected and the residue submitted to the same process twice, and the
supernatants were combined. The phenolic extracts thus obtained were used for CV
analysis and for the determination of total phenolic content (TPC) and lipid peroxidation
inhibition by spectrophotometric methods.

Determination of total phenolic content

TPC was determined using the Folin-Ciocalteu assay with some modifications [21].
Gallic acid was employed as a calibration standard and results were expressed as gallic
acid equivalents (mg GAE/g of dry matter (DM)).

Electrochemical assays

A potentiostat/galvanostat, AUTOLAB model PGSTAT 302 N (Metrohm-Eco Chemie,
Netherlands) controlled by a General Purpose Electrochemical System (GPES) software,
was used for all electrochemical measurements. One mL of the extracts was diluted with
25 mL phosphate buffer with 65% (w/v) 50 mM disodium hydrogen phosphate and 35 %
(w/v) 50 mM sodium dihydrogen phosphate at pH 7.0 (Kilmartin et al., 2001). The dilute
sample was transferred into a glass water-jacketed electrochemical cell (EG&G,
Princeton, NJ) connected to a circulator that held the sample temperature at 25.0 + 0.5
°C. Prior to the measurements, working electrode was polished in alumina/water

suspension, rinsed with Milli-Q water and sonicated for 2 min. Samples solutions were



de-aerated with an inert gas (N2) for 10 min, and after a few minutes running scan was
taken.”.

All measurements were carried out at room temperature using a conventional three-
electrode system consisting of a glassy carbon working electrode, platinum auxiliary
electrode and Ag/AgCl reference electrode. The cyclic voltammograms scans were made
from 0.0 to 0.5 V at a scanning rate of 5 mV/s.

The electrochemical parameters extracted from the cyclic voltammetry curve were the
anodic current area (Qsoo) that represents the integrated area of the cyclic voltammogram
for scans taken from 0 to 0.5 V, the peak anodic current and potential (Ipa and Epg,
respectively), the peak cathodic current and potential (lpc and Epc, respectively), the
potential mid-way between the anodic and cathodic peaks (Emid) calculated from % (Epc
+ Epa), lpallpe, and Epa- Epp. These parameters were taken from the cyclic
voltammograms after substracting cyclic voltammogram data of the blank (1 mL of 75%
methanol diluted with 25 mL phosphate buffer). All of the cyclic voltammograms were
recorded in triplicate.

Catechin was employed as a calibration standard and Qsoo Values were also expressed as
catechin equivalents (mg CAT/g DM) (Appendix).

Determination of lipid peroxidation inhibition

The lipid peroxidation inhibition was determined by the TBARS assay [22]. Livers of
rats, obtained as described by Rosillo et al. [23], were weighed and homogenized in 20
mM Tris-HCI buffer (pH 7.5). The homogenate was centrifuged for 10 min at 3000g
obtaining a supernatant that was used for the TBARS assay.

The reaction mixture, prepared on ice, contained rat liver (200 pL), Tris-HCI buffer (675
uL), phenolic extracts (100 pL), cumene hydroperoxide (20 mM, 25 pL) in a reaction

volume of 1 mL. Total oxidation samples contained all reagents except phenolic extracts.



The mixture was incubated at 37 °C for 1 h and the reaction was stopped by adding 10 %
trichloroacetic acid at 4°C to precipitate the proteins. The mixture was centrifuged at
3000g for 10 min and 1 mL of 2-thiobarbituric acid was added to the supernatant, which
was incubated at 100 °C for 1 h. The TBARS were measured by determining absorbance
at 535 nm. Results are expressed as percentage of inhibition of lipid peroxidation (%
inhibition) and as catechin-equivalent antioxidant capacity (CAC: mg of catechin with
the same antioxidant capacity as 1 g of DM; mg CAT/g) (Appendix).

Statistics analysis

Statistica v.8.0 software [24] was used for the statistical treatment of the data. One-way
analysis of variance (ANOVA) (Tukey post hoc test) was applied to determine whether
significant differences exist among the by-products (in relation to total phenolic content,
antioxidant potential and lipid peroxidation inhibition). Correlations between
electrochemical parameters and lipid peroxidation inhibition were studied by simple
regression (Pearson’s correlation). In all cases, statistically significant level was
considered at p < 0.05.

Unsupervised pattern recognition methods are widely applied in order to observe trends
in the data indicating relationships between samples and/or between variables. The
unsupervised method used for data by electrochemical response was principal
components analysis (PCA). Moreover, in order to obtain information about the
relationship between the voltammetric variability and phenolic composition, a Pearson’s
correlation analyses between the principal component and the phenolic content were
carried out.

RESULTS AND DISCUSSION

The quantitative data of TPC are summarized in Table 1. Regarding to the TPC,

significant differences (p<0.05) were found among samples depending on the type of



winemaking by-product. Seeds presented the highest TPC (48 mg/g DM,) followed by
stems and skins (36 and 34 mg/g DM, respectively). Pomace had a similar TPC level to
seeds (44 mg/g DM).

Electrochemical behavior of by-products

The oxidation potentials of by-products extracts were obtained by cyclic voltammetry.
Figure 1 shows cyclic voltammograms of 25-fold diluted by-products extracts (pomace
and its parts: seeds, skins and stems). As can be observed, the cyclic voltammograms
gave an anodic (positive) peak, which correspond to the total oxidation potential of by-
products [15]. The electrochemical parameters extracted from the cyclic voltammetry
curves of the by-products extracts are reported in Table 2. Differences between the
parameters indicate a different voltammetric profile of by-products.

In regard to Ep,, the anodic peak was observed at 244 mV in pomace, and its parts skins
and stems, and 252 mV in seeds. On the other hand, significant differences (p<0.05) were
found in the case of I, between pomace and seeds, with higher values than skins and
stems (1.44, 1.33, 0.84 and 0.73 PA, respectively). According to the literature [15, 17, 20,
25], this peak could correspond to the reversible oxidation of the 3", 4" -dihydroxyl moiety
of phenolic compounds containing a flavonoid structure with a catechol or a galloyl group
(i.e., ortho-diphenol and triphenol groups) at B-ring, like flavanols and flavonols, which
are abundant in byproducts winemaking. This oxidation is pH- and concentration-depend
and include a two-electron (2e)-two-proton (2H) oxidation reaction mechanism. The
voltammetric determination is based on this anodic peak due to its reversibility, good
reproducibility and linear dependence on current density of phenolic compounds [26].
Moreover, lpa was expected to be proportional to the concentration of the antioxidants.
The area under the curve (Qso00), that is, the integral charge passed by 500 mV was used

as measure of the concentration of total phenolic compounds. A major difference between



by-products was the appearance of Qseo in the voltammograms, the Qsoo values were
significantly lower for the skins and stems (2.36 and 2.17, respectively) than for pomace
and seeds (3.74 and 3.29, respectively).

A cathodic peak was found on the reverse scan, which is related to anodic peak on a
reversible electrode reaction. As seen in Table 2, there were also differences between by-
products in the cathodic peak, both in the I, ¢ (163, 172, 139 and 147 mV for pomace and
its parts seeds, skins and stems, respectively), and Ep(1.27, 1.18, 0.78 and 0.67 pA for
pomace and seeds, skins and stems, respectively).

Estimates of the formal potential are given by the potential mid-way between the anodic
and cathodic peaks (Emid), and by the potential midway between the half peak potential
(Epr2) and the anodic peak potential, which are particularly useful in ranking the relative
reducing strength when some of the antioxidant are irreversibly oxidized. The largest
values of Emia were for the pomace and seeds, 203 and 212 mV, respectively.

A measure of reversibility is provided by the ratio of the cathodic to anodic peak current
(Ip,c/1p,2), which is closer to 1 with better reversibility for skins and stems. The reversibility
is not related to the stability of the phenolic compounds, but does provide an additional
parameter that can help identify the phenolic compounds present in a complex mixture
such as wine [16].

To ascertain whether it was possible to classify between solid parts of grape (seeds, skins
and stems) and pomace, as a function of the electrochemical profile, principal component
(PCA) was carried out using the anodic data. In the space defined by the principal
component analysis of the data (Figure 2), almost all the anodic voltammetric variability
was explained by the first principal component (PC1, 99.6%). It is noteworthy that the
main differences in PC 1 scores are related with the different by-products using in this

study. A clear separation was found for pomace and seeds vs stems and skins. Within the
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aforesaid two groups, a clear separation was found for the pomace and seeds group.
Moreover, differences among samples for each subgroup were also evident for pomace
and, in a lesser extent, for skins, stems and seeds. In the case of seeds, the evolution of
samples was mainly found in PC 2, which only describes 0.2 % of the voltammetric
variability.

The voltammetric regions close to 0.20 V and 0.49 V showed important contributions to
the loadings which may be assigned to the oxidation of phenolic compounds containing
a flavonoid structure with a catechol or a galloyl group at B-ring [20] and also may
correspond to the irreversible oxidation of the -OH group at position 3 on the C-ring [27,
28].

Furthermore, in order to obtain more information about the chemical basis of the different
electrochemical characteristics of by-products, attention was paid to the relationship
between principal component 1 (PC1) and total phenolic content. The scores of this PC1
showed low but significant correlation (0.64, p<0.05) with total phenolic compounds.
Therefore, this variability could be related with the differences in the amount of phenolic
compounds.

Inhibition of lipid peroxidation

The extracts of pomace and each of its parts, seeds, skins and stems, induced inhibition
of lipid peroxidation in rat liver homogenates exposed to oxidation with cumene
hydroperoxide. A significant increase (p<0.01) in inhibition, relative to control, was
observed after treatments with all by-products (Table 1). Pomace showed the greatest
capacity to inhibit lipid peroxidation followed by seeds, stems and skins (90, 64, 49 and
48%, respectively). Pearson’s correlation was applied to data to explore relationships
between the lipid peroxidation inhibition and the TPC, and a significant correlation (R =

0.6, p<0.05) was found.
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Our data agree with previous studies indicating that phenolic compounds are capable of
inhibiting the lipid peroxidation in rat livers [29, 30]. In a study published by De Beer et
al. [30], wines inhibited lipid peroxidation ranging from 33% to 59% for white wines and
from 58 to 74% for red wines.

In previous works, flavanol contents exhibited the strongest correlations with antioxidant
activity and lipid peroxidation inhibition [31, 32]. Our results indicate that pomace and
seeds have the highest ability for inhibiting lipid peroxidation than stems and skins, which
could be because these by-products are richer in flavanols than stems and skins [21, 32].
Voltammetric and TBARS data relationship

Finally, Pearson’s correlation were applied to explore relationships between the
voltammetric parameters (Qsoo and Ip,a) and the results of TBARS assay. Significant and
high linear correlations were found between values of lipid peroxidation inhibition and
Ip,a and Qspo (p<0.05; R = 0.81 and R = 0.83, respectively).

CONCLUSIONS

Cyclic voltammetry provides a reliable and good estimation of the total antioxidant
potential of winemaking by-products, which showed different electrochemical behavior
mainly due to the differences in the amount of phenolic compounds. The winemaking by-
products greatly inhibited the lipid peroxidation, depending on the type of by-product and
phenolic contents from each one.

Correlation analysis between electrochemical data and values of lipid peroxidation
inhibition indicate a good correlation. Therefore, results suggest that cyclic voltammetry
could be a promising technique to estimate the ability of phenolic extracts from
winemaking by-products to inhibit lipid peroxidation in an in vitro biological system.
Cyclic voltammetry, although it is not a substitute for biological analysis, it is an attractive

alternative due to its speed measurement.
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Figure captions

Figure 1. Cyclic voltammogram of pomace, seeds, skins and stems from the Zalema grape

variety

Figure 2. Scatter plots of scores for principal component 1 and principal component 2

when voltammetric data for pomace, seeds, skins and stems were used as independent

variables in principal component analysis.
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Abbreviations

Cyclic voltammetry (CV)

Dry pomace (DP)

Principal component analysis (PCA)
Principal component (PC)

Total phenolic content (TPC)
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Table 1. Total phenolic content (TPC) and TBARS values of by-products from Vitis vinifera L. cv. Zalema

Analysis/By-product Pomace Seeds Skins Stems
TPC (mg/g) 44.49 + 4.15° 48.13 +7.26° 34.27 + 9.60° 35.73 + 5.69°
TBARS (%) 90.30 + 6.36° 64.15+11.9° 47.57 £ 8.74¢ 49.41 +9.35°¢

Different letters in the same row indicate significant differences by ANOVA test (p< 0.05).




Table 2. Electrochemical parameters extracted from the cyclic voltammetry

curves of by-products from Vitis vinifera L. cv. Zalema

Ep,a (mV) Ep,c (mV) |p,a (MA) Ip,c (HA) Emid (mV) Ep,a‘Ep/Z |p,c/|p,a Qsoo
(E*)

Pomace 244 163 1.44+0.15¢ | 1.27+0.12 203 73 0.88 | 3.745¢
Seeds 252 172 1.33 £ 0.05°¢ 1.18 £0.03 212 72 0.88 | 3.299°
Skins 244 139 0.84+0.08° | 0.78+0.07 191 97 0.93 2.3642
Stems 244 147 0.73£0.03% | 0.67+0.03 195 97 0.92 2.159°

Different letters in the same column indicate significant differences by ANOVA test (p< 0.05).




