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Simple Summary: In this paper the phenolic composition of Syrah and Chardonnay grape pomaces 

was studied to assess their antioxidant and prooxidant properties, and their effect on melanoma 

cancer cells. 

Abstract: The phenolic composition of Syrah and Chardonnay grape pomaces was studied to assess 

their antioxidant and prooxidant properties. Polyphenols were extracted by a "green" hydroalco-

holic solvent (ethanol/water 1:1 v/v), and a detailed chemical and electrochemical characterization 

of the phenolic compounds was performed. The antioxidant and prooxidant capacity of the pomace 

was first studied by cyclic voltammetry (CV) and other reference analytical assays, then with bio-

logical tests on B16F10 metastatic melanoma cancer cells. Electrochemical data showed that, when 

a +0.5 V potential was applied, a low to moderate antioxidant capacity was observed. MTT test 

showed an increasing viability of melanoma cells, after treatments at low concentration (up to 100 

µg/mL) and for a short time (6 h), but when cells were treated with higher doses of extract (≥ 250 

µg/mL for 12/24 h), their viability decreased from 25 to 50% vs. control, depending on treatment 

time, dose, and extract origin. A stronger prooxidant activity resulted when 250 µg/mL of extract 

was combined with non-toxic doses of H2O2; this activity was correlated with the presence of copper 

in the extracts. This study shows the potential of winemaking by-products and suggests the oppor-

tunity to exploit them for the production of cosmeceuticals, or for combined therapies with ap-

proved anticancer drugs. 

Keywords: polyphenols; grapevine pomace; antioxidants; cyclic voltammetry; prooxidant activity; 

copper; melanoma cancer cells 

 

1. Introduction 

Natural polyphenols are secondary metabolites of plants involved in defense against 

several types of stress. They act on multiple targets in pathways and mechanisms related 

to carcinogenesis, tumor cell proliferation, metastatic spread, and drug resistance [1]. Can-

cer-protective effects have been reported for people following a Mediterranean diet which 

is marked by a high content of plant polyphenols [2]. The role of these compounds as 

natural antioxidants to protect the damage by free radicals has long been recognized, 
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nevertheless, under aerobic conditions, antioxidants generate superoxide radicals that 

dismutate to hydrogen peroxide (H2O2) which reacts with reduced metal ions and super-

oxide to form toxic reactive oxygen species (ROS); the overproduction of ROS has been 

implicated in the development of various chronic and degenerative diseases, including 

different cancers [3–5]. According to previous studies, polyphenols can act as antioxidants 

or prooxidants, depending on the concentration and the cellular environment [6–8]. More-

over, there are studies indicating that the antioxidant properties of polyphenols could be 

attributed to a chemopreventive action but not to therapeutic effects against tumors [9]. 

The antioxidant action of polyphenols is reported among different anticancer mecha-

nisms, most of which implicate the modulation of gene expression and cellular signaling 

that leads to growth inhibition, apoptosis, or cell cycle arrest in cancer cells [10,11]. An 

immune system-dependent antitumor activity has been attributed to polyphenols in a 

melanoma mouse model [12], as well as a potential therapeutic role in melanoma metas-

tasis has been claimed for various classes of phenolic compounds, non-flavonoids such as 

resveratrol and flavonoids such as proanthocyanidins, anthocyanins quercetin, and some 

catechins [13,14]. By contrast, much less consideration has been devoted to the research 

on the prooxidant effects of polyphenols on biological molecules [15,16], including the 

prooxidant anticancer activity of plant-derived compounds. The orientation of scientific 

production is now changing and, some authors have suggested looking for a common 

mechanism in the prooxidant action of polyphenols which involves intracellular copper 

mobilization [16,17]. Polyphenolic compounds in the presence of copper ions act as proox-

idants, causing the breakage of DNA via ROS generation and leading to apoptosis [4]. 

For some time, the antioxidant activity of vegetable matrices has been investigated 

with analytical systems, mainly spectrophotometric or chromatographic, capable of indi-

rectly measuring, with a single assay, the sum of the antioxidant activities of many mole-

cules [18]. Compared with these, the electrochemical method has advantages which are 

extensively discussed in a recent review [19]. The direct electrochemical determination of 

antioxidants in plants or plant extracts [20–22] has been largely used since the ionization 

potential is the key factor that determines the efficiency of antioxidants [23,24], and be-

cause those molecules are easily oxidized on bare or nanostructured electrodes [25–28]. 

Cyclic voltammetry (CV) has been used for antioxidant capacity evaluation because the 

potential at which the oxidation starts enables the identification of the type of antioxidant 

involved, whereas the peak potential is an indicator of the antioxidant capacity [29]. Sun-

Waterhouse et al. [30] estimated the antioxidant capacity in onions integrating the area 

under the peak up to 0.5 V; Pilijac-Žegarac et al. [31] raised that threshold to 0.6 in tea 

infusions. More recently the same threshold has been lowered to 0.45 V in a study on 

Cabernet Sauvignon, Carménère, and Syrah pomaces; in the same study authors used CV 

to distinguish between antioxidant and prooxidant activity of pomace extracts obtained 

from Vitis vinifera L., assuming that polyphenols with oxidation potential lower than 0.45 

V exert antioxidant activity, while those with oxidation potential greater than 0.45 V exert 

prooxidant activity [32]. The CV method was also applied to study the profile of flavo-

noids in onions [33], and to assess the total phenolics and the flavonols content in red and 

white wines [34]. When combined with HPLC-DAD analysis or mass spectrometry, CV 

has provided information on the contribution of phenolic compounds of mastic tree leaf 

extracts and citrus juices to antioxidant capacity [35,36].  

Extracts containing polyphenols have been used for thousands of years in traditional 

eastern medicine. There is evidence that long-term consumption of moderate quantities 

of polyphenols present in red grapes and red wine can reduce the incidence of certain 

cancers [37]. Pomaces are byproducts of the winery and grape juice industry and their 

management represents an important environmental issue [38]. Great attention has been 

focused on this waste material because pomaces, that consist of skins, remaining pulp, 

seeds, and stalks, contain high amounts of health-promoting compounds, a high content 

of fiber and polyphenols that remain after the winemaking process [39]. The most abun-

dant phenolic compounds in red wine pomaces are anthocyanins concentrated in the skin, 
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while flavonols are more present in the seeds (56–65% of total flavonols) [40]. Phenolic 

acids, flavan-3-ols, flavonoids, and oligomeric procyanidins were identified in Chardon-

nay (white variety) pomaces [39]. Grape seeds extracts contain mainly the flavan-3-ols 

catechin and epicatechin, and procyanidins [41], but these compounds have also been iso-

lated in skins. The total phenolic content of grape pomace extracts is usually well corre-

lated to their antioxidant activity [42]. A greater concentration of phenolic compounds in 

the seeds than in the skins, and a good correlation with antioxidant activity, were ob-

served for Brazilian grape varieties [43]. Spigno et al. [44] and Jara-Palacios et al. [45] also 

observed a high and significant correlation between antioxidant activity and total phe-

nolic content in grape pomace samples. 

In this paper, we have studied the anti- and prooxidant properties of extracts ob-

tained from the winemaking process residual pomaces of Syrah and Chardonnay cultivars 

of V. vinifera. The pomaces came from countries of the western Mediterranean area, 

France, Tunisia, and Italy, that participate in the same BestMedGrape project [46] being 

interested in recycling winemaking waste. After a detailed chemical characterization, the 

antioxidant and prooxidant capacity of the extracts and their phenolic compounds were 

investigated by electrochemical tests and biological assays. Cyclic voltammetry was used 

to distinguish polyphenols that oxidize at low potential, from those with an ionization 

power too high to be properly considered antioxidants. Analytical tests were performed 

in parallel with biological assays: prooxidant anticancer activity was assayed by MTT vi-

ability and invasion tests on B16F10 metastatic melanoma cancer cells treated with pom-

ace extracts, and with a combination of the latter with different concentrations of H2O2. 

The role of copper in the prooxidant activity was also investigated, since we assumed that 

residual copper from phytosanitary treatments, which are traditionally carried out on V. 

vinifera, may have influenced the response of cells to treatments with the extracts. 

2. Materials and Methods 

2.1. Chemicals and Reagents 

2.1.1. Analytical Assays 

All the solvents and chemicals used in this study were of analytical grade. Methanol, 

ethanol, acetonitrile LC-MS grade, and 85% phosphoric acid were purchased from Merck 

(Darmstadt, Germany, Ethanol from Carlo Erba Reagenti (Milan, Italy). Standards of phe-

nolic compounds were obtained from Extrasynthese (Genay, France), TransMIT (Giessen, 

Germany), and Merck-Sigma-Aldrich (Milan, Italy). Ultrapure water (18 MΩ·cm) was ob-

tained with a Milli-Q Advantage A10 System apparatus (Millipore, Milan, Italy). 

2.1.2. Biological Assays 

2-propanol BioReagent, thiazolyl blue tetrazolium bromide powder (MTT), Hydro-

gen peroxide solution, Glutamine 200 mM and penicillin-streptomycin solution were 

from Merck Life Science (Milan, Italy). The phosphate-buffered saline (PBS) solution was 

made using NaCl (137 mM), KCl (2.7 mM), Na2HPO4 (8.1 mM), and KH2PO4 (1.47 mM) 

from Merck Life Science and then adjusted to pH 7.4. Dulbecco's Modified Eagle’s Me-

dium (DMEM), fetal bovine serum (FBS), MEM non-essential amino acid 100X, and tryp-

sin 0.25% EDTA solution were purchased by Euroclone (Milano, Italy). 

2.2. Sample Collection and Preparation 

Syrah and Chardonnay grape pomaces were supplied by wine farms located in 

Khanqat al Hajjaj, Grombalia (Tunisia), Cantina Argiolas, Serdiana (Italy), and INRA Pech 

Rouge, Gruissan (France). The Syrah pomaces were derived from plants cultivated on 

soils with different textures (Holocene sands with marl and clay in Italy; clay soils in Tu-

nisia; sandy clay loam in France). At the laboratory, grape pomaces were rinsed with tap 

water to remove residual sugars, stems, and debris, drained, and move to a ventilated 

oven on air flow at 60 °C until a crushable material was obtained. The sample was then 



Antioxidants 2023, 12, 80 4 of 23 
 

 

ground in a blade mill to achieve a fine powder and reduced to a particle size of <425 

microns by sieving. The recovered powder was freeze-dried to remove water traces, 

packed under vacuum, and stored at −20 °C until extraction. 

2.3. Hydroalcoholic Extraction of Polyphenols 

Lyophilized pomace samples (1 g) were transferred in 75 mL plastic tubes, added 25 

mL of solvent (ethanol/water 1:1 v/v), sealed with a stopper, and shaken at 50 rpm for 5 h 

at room temperature in the dark. The liquid and solid phases were separated by centrifu-

gation at 3220× g for 15 minutes and, subsequently, filtrated through a filter paper under 

vacuum. The filtrate was transferred in a vacuum roto-evaporator, where the ethanol 

evaporated at 40–45 °C. Finally, water was removed by freeze-drying. The dry residue 

was weighed, transferred in a sealed vial, and stored at −80 °C until analyses. 

2.4. Identification and Quantification of Polyphenols in the Extracts 

The total polyphenol content (TPC) was determined by the Folin–Ciocalteu method 

as previously reported [47], and the results were expressed as mg of gallic acid equivalents 

(GAE) per g of dry residue (dr).  

The quantitative analysis on targeted phenolic compounds was carried out using a 

modified HPLC-DAD method as described by Perra et al. [48] using an Agilent 1260 In-

finity II HPLC system (Agilent Technologies, Cernusco sul Naviglio, Italy) fitted with a 

pump module G7111A, an autosampler module G7129A, and an Agilent G4212B photo-

diode array detector. The separation was obtained with a Kinetex EVO C18 column 

(150×4.60 mm, 2.6 μm, Phenomenex, Casalecchio di Reno, Italy) using 0.22 M phosphoric 

acid (solvent A) and acetonitrile (solvent B) as mobile phase, at a constant flow rate of 0.8 

mL/min. The gradient (v/v) was generated decreasing from 100% solvent A to 80% in 20 

min, to 70% in 35 min, to 0% in 45 min, and then remaining stable up to 50 min; finally, 

the gradient gets to 100% and stay stable 5 min before the following injection. The injection 

volume was 10 μL. The chromatograms and spectra were elaborated with an OpenLab V. 

2.51 data system (Agilent Technologies, Cernusco sul Naviglio, Italy), and polyphenols 

were detected and quantified according to the main classes: anthocyanins at 520 nm, fla-

vonols at 360 nm, hydroxycinnamic acids at 313 nm, hydroxybenzoic acids at 280 nm, and 

flavan-3-ols at 210 nm. Stock standard solutions were prepared in methanol and the work-

ing standard solutions were prepared in ultrapure water. The calibration curves for com-

mercial standards were plotted with the method of the external standard, correlating the 

peak area with the concentration by means of the least-squares method, with a coefficient 

of determination (r2) > 0.998 in the range of 0.4–40 mg/L for all the compounds. Individual 

components were identified, or tentatively, by comparing the retention time and UV–Vis 

spectra of pure commercial standards or the UV–Vis spectra and the chromatographic 

profile described in the literature. Dry pomace extracts were diluted 1:25 w/v with a 

MeOH / H2O 80:20 v/v mixture for the HPLC-DAD analysis. The obtained solutions were 

filtered with a 0.45 μm CA syringe filter and diluted 1:2-1:5 v/v with 0.22 M H3PO4 before 

injection. 

The quantitative evaluation of polyphenols was performed by dosing each phenolic 

compound with the corresponding analytical standard. When the commercial standard 

was not available, compounds were dosed using stock standard solutions of a proper ref-

erence compound: malvidin-3-O-glucoside, quercetin-3-O-glucoside, caftaric acid, gallic 

acid, and procyanidin B1, respectively. The total amount of phenolic compounds was ob-

tained by summing the total amount of each phenolic class and results were expressed as 

mg/g of dr, and reported as mean ± SD. 
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2.5. Electrochemical Characterization and Antioxidant Activity Determination 

The electrochemical characterization of the extracts and the AAox determination 

were performed by CV as previously reported [27,36] with some modifications. Measures 

were carried out by screen-printed sensors purchased by GSI Technologies (Burr Ridge, 

IL, USA), consisting of a 5 mm carbon working electrode (WE), an Ag/AgCl pseudo refer-

ence electrode (RE), and a carbon auxiliary electrode (AE). Currents were recorded by 

Quadstat, a commercial four-channel potentiostat (eDaQ Quadstat, e-Corder 410 and 

Echem software, eDAQ Europe Poland, Warsaw Poland). Cyclic voltammograms (CVs) 

were performed from −0.2 V to +0.8 V (vs. Ag/AgCl pseudo-RE) at a scan rate of 0.1 V/s. 

A first aliquot of 70 µL, containing only PBS (used as a supporting electrolyte), was de-

posited on the screen-printed WE with a graduated micropipette in order to obtain a base-

line. Once the baseline current was recorded, the PBS drop was dried with absorbent pa-

per without touching the surface of the sensor, and 70 µL aliquots of a 2 mg/mL pomaces 

extract solution were deposited on the sensor surface (the experiment was performed in 

triplicate) thus obtaining the corresponding CV pattern. In order to provide a quantitative 

comparison among the CV patterns of extracts of different origin, the voltammograms 

were integrated and the area under curve (AUC) was calculated at +0.5 V and +0.8 V and 

expressed in microcoulombs (µC). The redox potential of +0.5 V is used as a threshold to 

detect the antioxidant activity of pomace extracts, and +0.8 V to calculate the TPC, in ac-

cordance with previous studies [26,30,31]. As already reported [35,49,50], oxidation po-

tentials higher than +0.5 V refer to polyphenols with low reducing power which, in this 

work, were not accounted as antioxidants. 

Then, to determine the redox potential of the most represented polyphenols in the 

extracts, (those represented in quantities ≥ 0.75 mg/mL according to the HPLC-DAD anal-

ysis), the CVs of the relative standard molecules were carried out. CVs of increasing GA 

concentration (from 0.1 to 3 mM) were recorded, and the mathematical parameters (equa-

tion and r2) of the reference calibration curve were calculated (Figure S1 in Supplementary 

Material). The antioxidant capacity of the standard molecules was determined by refer-

ring to this calibration curve, at the threshold value of +0.5 V, and expressed in terms of 

GA equivalent millimoles. 

2.6. Antioxidant Activity Determination with CUPRAC and DPPH Reference Methods 

CUPRAC and DPPH• assays were performed according to Bouzabata et al. [51]. For 

the CUPRAC assay, 100 μL of diluted sample was dissolved in a mixture of 500 μL of 10 

mM CuCl2 solution in water, 500 μL of 7.5 mM neocuproine solution in methanol, and 500 

μL of 1.0 M CH3COONH4 buffer at pH = 7.0. After an incubation period of 30 min in the 

dark, absorbance at 450 nm was measured. Quantitative analysis was performed accord-

ing to the external standard method using 0.1–2 mmol/L FeSO4 and results were expressed 

as mmol/g of Fe2+ per g of dr. For the DPPH• assay, 50 μL of diluted sample was dissolved 

in 2 mL of 0.06 mmol/L DPPH• in methanol. Then, spectrophotometric readings were car-

ried out at 517 nm after an incubation period of 60 min in the dark. A calibration curve in 

the range of 0.02–1.0 mmol/L was prepared for Trolox, and the data were expressed as the 

Trolox equivalent antioxidant capacity (TEAC mmol/g dr). 

2.7. Determination of Prooxidant Activity of Polyphenols on Melanoma Cancer Cells 

The prooxidant activity of polyphenols' pomace extracts was determined on B16F10 

murine melanoma cell lines, and on human fibroblasts used as normal control. 

2.7.1. Viability Assays  

B16F10 murine melanoma cell lines and human fibroblasts were obtained from 

ATCC and were maintained on DMEM supplemented with 10% FBS, 1% penicillin/strep-

tomycin, 2 mM Glutamine, and 1X MEM non-essential amino acid at 37 °C under 5% CO2 

and 95% humidity. 
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B16F10 cells were plated in 96 wells at a concentration of 1 × 104/100 µL and three 

different experiments were carried out: 1) a time-dose response test for 6, 12, and 24 hours 

with increasing concentrations (1-10-50-100-250-375-500 µg/mL) of Syrah or Chardonnay 

pomace extract from Italy, France and Tunisia; 2) treatments with increasing concentra-

tion of H2O2 (1-10-50-100-200-300-400-500 µM) for 24 h; 3) a combined treatment with Sy-

rah 250 µg/mL + H2O2 10-50-100 µM, or Chardonnay 250 µg/mL + H2O2 10-50-100 µM for 

24 h. 

Fibroblasts were plated in 96 wells at a concentration of 2 × 104/100 µL and two dif-

ferent experiments were carried out: 1) a dose-response test for 24 hours with increasing 

concentrations (1-10-50-100-250-375-500 µg/mL) of Syrah or Chardonnay extract; 2) treat-

ments with increasing concentration of H2O2 (1-10-50-100-200-300-400-500 µM) for 24 h. 

At the end of the experiments, cells were incubated with 100 µL of MTT (0.5 mg/mL), 

and the cultures were allowed to incubate at 37 °C for 3 h. The MTT was removed and the 

formazan crystals were dissolved in 100 µL of 2-propanol. The color was read at 570 nm 

using a microplate reader (Sunrise™ Absorbance Reader - TECAN, Hombrechtikon, Swit-

zerland ). The percentage of cell growth was calculated by normalizing the absorbance of 

treated cells to the corresponding control. All the experiments were performed in tripli-

cate. 

2.7.2. Invasion Test 

B16F10 cells were plated in 24 wells at a concentration of 2 × 105/mL. After 24h, a 

wound was performed using a tip, and the cells were treated with 250 µg/mL of Syrah or 

Chardonnay from Italy, France, and Tunisia for 24 h. At the end of the experiment, the 

cells were washed twice with PBS, and a snapshot image to verify wound closure was 

taken with an inverted microscope. The area of the wounds was calculated using the Im-

ageJ software. All the experiments were performed in triplicate. 

2.8. Cu Measurement 

Copper was determined by an inductively coupled plasma mass spectrometry (ICP-

MS/MS), in compliance with US EPA 6020B. The analytical procedure involved acid di-

gestion of the powder sample (0.5 g) in a glass vessel with 5 mL of ultrapure nitric acid, 

70% (J.T. Baker, Phillipsburg, New Jersey, USA). Treatment was carried out on the Dis-

cover SP-D microwave digestion system (CEM Corp., Charlotte, NC, USA) at a power of 

600 W and a temperature fixed at 200 °C. The digestion solution was diluted to 50 mL with 

ultrapure water MILLI-Q®  Quantum®  TEX (from Merk, Darmstadt Germany), and, before 

instrumental analysis, a second dilution of the 5 mL to 10 mL with the 2% solution of nitric 

acid. The liquid samples were analyzed directly after dilution of 0.5 mL of sample to 5 mL 

with the 2% solution of nitric acid. 

The instrumental analysis was performed with an inductively coupled plasma mass 

spectrometer ICP-MS/MS (Agilent 8800 QQQ, Santa Clara, California, USA) equipped 

with a collision cell and two quadrupole mass analyzers. 63Cu was used as a quantification 

isotope and 74Ge as an internal standard element to compensate for the matrix effect and 

signal drift. For each batch of samples, a method blank was carried throughout the entire 

sample preparation and analytical process. The calibration curve was verified at the start 

of each analytical batch using the initial calibration verification (ICV) with a different lot 

standard, while the instrumental sensitivity was verified using the continuous calibration 

verification (CCV) at or near midrange. Laboratory was intercalibrated through successful 

participation in internationally organized proficiency tests. The LOQs testing was 0.010 

mg/kg for Cu. The quality control of the data was verified and controlled using Certified 

Reference Materials Rye Grass ERM-CD281 (10.2 ± 0.5 mg/kg). The method is accredited 

according to UNI EN ISO 17025/2017. 
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2.9. Statistical Analysis 

Statistical analysis was performed by GraphPad Prism 5 for Windows software 

(GraphPad Software, Inc., La Jolla, CA, USA). Phenolics content of pomace extracts was 

expressed as mg/g of dr. AAox was expressed as micromoles equivalents of gallic acid/g 

of dr. For analytical tests, a one-way ANOVA was performed to compare results obtained 

with different analytical methods, using a unifactorial complete randomized block design. 

Mean comparisons were calculated by Fisher’s least significant difference (LSD) test at p 

≤ 0.05. 

Where not otherwise specified, biological tests were repeated three times. A one-way 

ANOVA was performed to highlight significant differences among treatments. The Stu-

dent–Newman–Keuls (SNK) test was used to separate the mean values (p ≤ 0.01). The 

mean value ± standard deviation (SD) was reported in the figures. 

3. Results 

3.1. Chemical Characterization of Pomace Extracts 

The qualitative HPLC-DAD characterization of polyphenolic compounds was per-

formed according to their typical UV–Vis absorbance spectra and the comparison with 

pure standards or literature data [52]. The analysis of the three Syrah pomace extracts 

showed the presence of anthocyanins, flavonols, hydroxycinnamic and hydroxybenzoic 

acids, and flavan-3-ols, detected at 520, 360, 313, 280, and 210 nm, respectively; all the 

above-mentioned polyphenols classes, except anthocyanins, were also detected in Char-

donnay pomace extracts (Figure 1).  

 

Figure 1. Pie charts of phenolic compounds of analyzed French, Italian, and Tunisian pomace ex-

tracts. The different classes of polyphenols are represented as % in figures (A–C) for Syrah, and in 

(D–F) for Chardonnay. 
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Syrah pomace extracts resulted to be richer (60.90, 44.50, and 36.92 mg/g dr for 

French, Italian, and Tunisian, respectively) in phenolic compounds than Chardonnay va-

rieties (18.28, 34.44, and 22,62 mg/g dr for French, Italian, and Tunisian, respectively) (Ta-

bles S1 and S2 and Figure S1). The French Syrah variety was ca. 1.5 times more concen-

trated than the pomace extracts of the other two countries. In the case of Chardonnay, the 

Italian pomace extract is the richest in polyphenols, ca. 1.5 times higher than French and 

Tunisian, which contain similar amounts. 

In Syrah, the fraction of the anthocyanins accounted for about 30% of all dosed phe-

nolic compounds, varying from 16% in the Tunisian extract to 41% in the Italian one. The 

French sample showed the highest amount (24.77 ± 0.40 mg/g dr), followed by the Italian 

(13.55 ± 0.28 mg/g dr) and the Tunisian ones (5.96 ± 0.09 mg/g dr). Among the 13 detected 

anthocyanins, the most representative were malvidin-3-O-(p-coumaroyl)glucoside (2.49 - 

10.05 mg/g dr) and malvidin-3-O-glucoside (1.11–6.43 mg/g dr), which accounted for 

65.5% of all anthocyanins detected in three Syrah pomace samples. Moreover, malvidin-

3-(acetyl)glucoside and peonidin-3-O-(p-coumaroyl)glucoside were detected in relatively 

high amounts.  

Seven different flavonols were identified in the Syrah and Chardonnay pomace sam-

ples, quercetin and its -3-O-glucoside, galactoside, and glucuronide derivatives, 

kaempferol, kaempferol-3-O-glucoside, and isorhamnetin. They accounted for about 5.2% 

and 6.1% of all phenolic compounds found in Syrah and Chardonnay, respectively, with 

the Tunisian Syrah and the Italian Chardonnay that showed the highest (3.44 ± 0.03 mg/g 

dr) and the lowest (0.54 ± 0.01 mg/g dr) amount. 

Hydroxycinnamic and hydroxybenzoic acids were detected in all investigated pom-

ace extracts. The cinnamic acid derivatives accounted for 2.4 and 1.4% of all polyphenols 

in the extracts of red and white varieties respectively, while benzoic acids accounted for 

3.5% in both. French and Italian Syrah samples were ca. 2.5 times richer than Chardonnay 

equivalents, while Tunisian Syrah was ca. 5 times more than its white equivalent. Caftaric 

acid was the most representative hydroxycinnamic acid in both varieties. The hy-

droxybenzoic acids are more represented in Syrah than in Chardonnay, and in particular 

in the two Italian varieties. The gallic acid and, only in Syrah, the syringic acid, are the 

most represented phenolics of this class.  

Flavan-3-ols were highly detected in all samples. On average, they accounted for 59% 

and 88% of all detected phenolic compounds of Syrah and Chardonnay samples, respec-

tively. The main representatives, both in Syrah and Chardonnay extracts, were the dimers 

(+)-catechin and (-)-epicatechin. In Syrah, the highest amount of flavan-3-ols was detected 

in the French pomace sample (6.19 ± 0.35 and 5.48 ± 0.16 mg/g dr of catechin and (-)-epi-

catechin, respectively), while in Chardonnay, the richest was the Italian sample (7.98 ± 

1.08 and 7.83 ± 0.02 mg/g dr, respectively). In all samples, relatively high amounts of pro-

cyanidin B2 were also detected. The highest quantity of this monomer was found in the 

French Syrah (4.34 ± 0.20 mg/g dr) and in the Italian Chardonnay (2.79 ± 0.67 mg/g dr) 

pomace samples. 

3.2. Electrochemical Characterization and Antioxidant Activity Determination 

The electrochemical analysis of the pomaces' samples was performed in order to es-

tablish the magnitude of their antioxidant capacity, and to determine the contribution of 

the different polyphenols to the activity of each extract.  

Figure 2 shows the cyclic voltammograms of Syrah (Figure 2A) and Chardonnay 

(Figure 2B) pomace extracts from different origin. 
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Figure 2. Cyclic voltammograms, with a scanned potential range (Eapp) comprised between −0.2 V 

and +0.8 V vs. carbon pseudoreference, in the absence (PBS black line) and in the presence of 2 

mg/mL of Italian (red line), French (green line), and Tunisian (blue line) pomace extracts of Syrah 

(A), and Chardonnay (B). 

CVs were obtained in the potential range −0.2 V +0.8 V in order to cover all groups of 

antioxidant compounds. All the voltammograms split from the baseline at around +0.1 V, 

indicating the presence of polyphenols with low redox potential, both in Syrah and Char-

donnay; as the applied potential increases, the shape of the French and Italian Syrah volt-

ammograms becomes more rounded between 0.25 and 0.4 V, indicating a large polyphe-

nol component that ionizes in that potential range. That component is not present, or is 

less represented, in the Tunisian Syrah and in all three Chardonnay extracts.  

Different shapes correspond to different AUCs which are reported, both at 0.5 V and 

0.8 V, in Table 1. The AUC0.8 (AUC values at +0.8V) values estimate the total polyphenols 

content, while AUC0.5 (AUC values at +0.5V) values refer to AAox.  

Table 1. Area under curve of CVs of Syrah and Chardonnay pomace extracts, total polyphenol con-

tent measured by Folin–Ciocalteu, and AAox measured by DPPH and CUPRAC. 

  ITALY FRANCE TUNISIA  ITALY FRANCE TUNISIA 

 Eapp AUC (µC)  TPC (mg GAE/g dr) 

Syrah +0.8 V 5.93 b 7.35 a 5.05 c Syrah 232.2 b 299.4 a 217.3 b 

Chardonnay +0.8 V 5.43 b 6.55 a 6.47 a Chardonnay 321.8 a 102.9 c 155.9 b 

Syrah +0.5 V 2.30 b 3.02 a 1.80 c 

DPPH (mmol TEAC/g dr) 

Syrah 1.44 b 1.77 a 1.39 b 

Chardonnay 1.81 a 0.62 c 1.05 b 

Chardonnay +0.5 V 1.89 b 2.33 a 2.27 a 

CUPRAC (mmol Fe2+/g dr) 

Syrah 5.12 b 8.93 a 5.24 b 

Chardonnay 9.78 a 2.82 c 3.52 b 

Means in rows followed by unlike letters differ significantly by Fisher’s LSD procedure, p ≤ 0.05. 

Looking for a correlation between the electrochemical data and the total polyphenols 

or the antioxidant activity of the extracts, it was found that, in Syrah: i) there is a good 

correlation between AUC0.8 and TPC (R2 = 0.976), as well as between AUC0.8 and HPLC-

DAD (R2 = 0.991); ii) there is a low correlation between AUC0.5 and the values obtained by 

DPPH or CUPRAC; iii) there is a good correlation between AUC0.5 and TPC (R2=0.969); iv) 

there is a low correlation between AUC0.5 and the two most represented classes of phenolic 

compounds (both with anthocyanins and flavan 3-ols, and with the sum of the two). Dif-

ferently, in Chardonnay: i) no positive correlation was found between AUC values and 

TPC or HPLC-DAD; ii) a low correlation was found between AUC0.5 and the values ob-

tained by DPPH and CUPRAC; iii) there is a moderate correlation between flavan 3-ols 

and AUC0.5 (R2= 0.772), as well as between flavan 3-ols and AUC0.8 (R2= 0.743). 

A B
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In order to better understand the contribution of different polyphenols to the AAox, 

the CVs of 1 mM standard of the most represented polyphenols in the extracts, (those 

represented in quantities ≥ 0.75 mg/g dr according to the HPLD-DAD analysis) were car-

ried out, and the redox potential was extrapolated (Table 2). The AAox of each standard 

(x) was expressed in equivalent millimoles of GA, on the basis of equation (1), extrapo-

lated from the calibration curve reported in Figure S2 in Supplementary material:  

y = 8.005x + 2.358 (1) 

where y is the current recorded by x mM gallic acid solution at +0.5 V. 

Table 2 reports the contribution of each polyphenol to the total AAox obtained by 

multiplying the x values for the relative molar concentration in the extract. 

Table 2. Contribution of main polyphenols to the total antioxidant activity of pomace extracts. 

POLYPHENOLS (standard) 

  Contribution of polyphenols to the total antioxidant activity 

  (Equivalent millimoles of GA) 

Redox 

potential 

Current at 

+0.5V 
SYRAH Extracts CHARDONNAY Extracts 

V µA France Italy Tunisia France Italy Tunisia 

         

Anthocyanins         

Peonidin-3-O-glucoside + 0.23 12.47 2.04 0.44 0.41 - - - 

Malvidin-3-O-glucoside * + 0.55 1.22 none none none - - - 

Flavonols         

         

Hydroxycinnamic acids         

         

Hydroxybenzoic acids         

Gallic acid + 0.18 10.61 3.82 5.70 4.06 1.33 3.15 1.52 

Flavan 3-ols         

Procyanidin B1 + 0.16 22.98 3.21 8.68 11.89 1.02 2.49 6.86 

(+)-Catechin + 0.12 22.96 54.88 30.32 31.03 25.62 70.75 27.93 

Procyanidin B2 + 0.16 21.35 17.79 11.36 8.24 6.72 11.44 8.61 

(-)-Epicatechin + 0.12 14.26 28.07 18.49 12.76 17.47 40.11 13.78 

Epigallocatechin + 0.08 19.56 6.66 0.14 0.05 0.19 3.70 0.28 

* The contribution of the molecule with a redox potential > 0.5 V has to be considered equal to zero. 

The results in Table 2 refer to standard molecules and, obviously, cannot take into 

account synergies or antagonisms among molecules in the phytocomplexes extracted 

from pomaces. Data only show the potential contribution of each polyphenol in compari-

son to the others. This contribution is a function of the redox potential and the concentra-

tion of each molecule in the extract. It is clear that flavan 3-ols provide the greatest contri-

bution in both Syrah and Chardonnay. But it is equally clear that, among the anthocyanins 

(only in Syrah), peonidin-3-O-glucoside (0.75 mg/g dr in the French extract) which begins 

to oxidize at +0.23 V, provides a much greater contribution than malvidin-3-O-glucoside 

(6.43 mg/g dr in the French extract) which starts oxidizing at +0.55 V.  

3.3. Prooxidant Activity of Polyphenols on Melanoma Cancer Cells 

The results of the time–dose response MTT test with increasing concentrations of Sy-

rah or Chardonnay pomace extracts on B16F10 cells are reported in Figure 3. 
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Figure 3. Effect of Syrah and Chardonnay pomace extracts on viability of B16F10 cancer cell lines. * 

= p ≤ 0.01 vs. control. 

The data on the graph showed that at low concentrations (up to 100 µg/mL) and with 

reduced treatment time (6 h), there was an increase in cell viability: this was for both Syrah 

and Chardonnay, regardless of their origin. As the treatment time and the extract dose 

increased, a reversal of this trend was observed: this inversion is limitedly observable, 

after 12 h of treatment, only in the Italian Syrah (the viability decreased from 15 to 35% 

compared to the control, with concentrations from 250 to 500 µg/mL) and in the Tunisian 

Chardonnay (about 35% less, with concentrations from 250 to 500 µg/mL). After 24 h, the 

effectiveness of the treatments was significantly higher, with the following differences: a 

reduction in cell viability between 25 and 35% can be observed with the Italian and French 

Syrah samples, and between 35 and 50% with the Tunisian one, with an extract dose of 

250 µg/mL or more; treatments with the Italian and French Chardonnay appeared inef-

fective, while the Tunisian pomace extracts reduced the viability of cancer cells by 17.4, 

33.5, and 42.3% with 250, 375, and 500 µg/mL, respectively. 

The effects of 24 h treatments were also studied on fibroblasts, used as a normal con-

trol, and shown in Figure S3 in Supplementary Material. No variation in cell viability was 

observed when the fibroblasts were treated with Tunisian Syrah, while a reduction of 

about 20% was seen with the Italian and French Syrah. On the other hand, the Italian and 

French Chardonnay extracts had no effect on fibroblasts, while the Tunisian one caused a 

20 to 25% viability reduction with doses from 250 µg/mL upwards. 

According to Floris et al. [53], a 20% reduction in viability is the threshold to consider 

a treatment to be effective. In our work, such a reduction was obtained with 250 µg/mL of 

extract, a dose that did not induce toxic effects on fibroblasts. Italian, French, and Tunisian 

Syrah extracts showed a reduction of 33.7, 26.1, and 49.1%, respectively, whereas Char-

donnay extracts did not reach the threshold (Table 3) even at higher concentrations, with 

the exception of the Tunisian Chardonnay as reported above. In order to calculate how 

effective a 250 µg/mL dose was, compared to a reference oxidative stress inducer such as 

H2O2, a dose-response test with an increasing quantity of H2O2 was carried out both on 

B16F10 cells (Figure S4A ) and fibroblasts (Figure S4B), and a calibration curve (Figure 
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S4C) was obtained. So, the pro-oxidant activity of 250 µg/mL of each pomace extract was 

calculated as µmoles equivalents of H2O2 (Table 3). 

Table 3. Prooxidant activity of 250 mg/mL of Italian, French, and Tunisian Syrah and Chardonnay 

pomaces extracts on B16F10 melanoma cancer cells. 

  Prooxidant activity 

Variety Origin Viability (ratio vs. control) µmoles equivalents of H2O2 

 Italy 0.66 ± 0.05 b 206.00 ± 15.53 b 

Syrah France 0.74 ± 0.03 a 172.96 ± 7.02 c 

 Tunisia 0.51 ± 0.03 c 272.96 ± 16.09 a 

 Italy 1.08 ± 0.02 a 24.70± 0.46 c 

Chardonnay France 0.94 ± 0.05 b 87.74 ± 4.69 b 

 Tunisia 0.83 ± 0.07 c 135.13 ± 11.45 a 

Means in column followed by unlike letters differ significantly by Fisher’s LSD procedure, p ≤ 0.05. 

The statistical comparison was made only intra-variety, not inter-varieties. 

3.3.1. Prooxidant Activity of Combined Treatment with Polyphenols and H2O2 on Mela-

noma Cancer Cells 

Since we observed that the viability of cancer cells was higher than the control when 

a moderate oxidative stress was induced (up to 100 µg/mL of polyphenols extracts), while 

it was reduced when the stress increased (over 250 µg/mL of polyphenols extracts), the 

prooxidant effect of combined treatments with 250 µg/mL pomace extracts and low con-

centrations of H2O2 was studied (Figure 4). 

 

Figure 4. Prooxidant activity of 24 h combined treatments with 250 µg/mL pomace extracts and low 

concentrations (10, 50, and 100 µM, subfigure A, B and C respectively) of H2O2 on B16F10 cancer 

cell. * = p ≤ 0.01 vs. H2O2. 

Ten, 50, and 100 µmoles/L are the concentrations of H2O2 that did not induce any 

toxic effect on fibroblasts (Figure S3B ). When 10 µM H2O2 was combined with 250 µg/mL 

of Syrah or Chardonnay extract, no prooxidant effect was observed compared to the pos-

itive control (H2O2) with the only exception of the Italian Syrah sample; when 50 µM H2O2 
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was combined with the extract, a significant reduction in viability was observed for Syrah 

and the Tunisian Chardonnay; when the dose of H2O2 increased to 100 µM, the reduction 

in viability was always significant both for Syrah and Chardonnay. In Table 4, the proox-

idant effect of the combined treatment of 250 µg/mL extracts with 50 and 100 µM H2O2, 

was reported as a reduction in viability (%) vs. control; on the right side of the table shows 

the µmoles of H2O2 that would be necessary, if used alone, to obtain the same prooxidant 

effect. 

Table 4. Prooxidant activity of combined treatments with 250 µg/mL of Syrah or Chardonnay ex-

tract with 50 and 100 µM of H2O2. 

Combined Treatment Italy France Tunisia Italy France Tunisia 

250 µg/mL µM H2O2 Reduction of viability (%) vs. Control µmoles of H2O2 alone 

Syrah 
50 44.72 ne 55.53 253.91 ne 300.90 

100 66.52 76.10 79.25 348.71 390.33 404.03 

Chardonnay 
50 ne ne 45.15 ne ne 255.79 

100 60.65 59.48 64.30 323.19 318.09 339.04 

All the means in table differ significantly from the Control (p ≤ 0.01). ne=not effective (when the 

reduction in viability compared to the control is less than 20%). 

The reduction in viability induced by the combined treatments varies from 45 to 80% 

with Syrah extracts and from 45 to 65% with Chardonnay extracts. This prooxidant effect 

on cancer cells was obtained with doses of H2O2 that did not have a toxic effect on fibro-

blasts. The same effect, using only hydrogen peroxide, could have been obtained only 

with cytotoxic doses for healthy cells (over 100 µM). 

3.3.2. Quantification of Copper (Cu) in the Syrah and Chardonnay Extracts 

Copper has been used for over a century in agriculture: cupric products, in the form 

of various compounds and formulations, are a classic of the phytosanitary defense of 

vines to stop the spread of fungal and bacterial diseases. High copper levels in cancer cells 

were suggested to be a potential target for selective antitumoral action of plant polyphe-

nols, because of their large availability and their null or low toxicity on fibroblasts [54]. 

For this reason, it was investigated whether and how much copper was left in the Syrah 

and Chardonnay extracts at the end of the extraction process of polyphenols from the 

pomaces: 201, 96, and 225 Cu ng/g dr were found in the Italian, French, and Tunisian 

Syrah extracts, respectively, and 112, 89, and 45 Cu ng/g dr were found in the Italian, 

French, and Tunisian Chardonnay extracts, respectively. A high correlation (R2 = 0.979) 

between Cu content and prooxidant activity was found in Syrah but not in Chardonnay. 

3.3.3. Effect of Syrah and Chardonnay Extracts on Invasion Capacity of Melanoma Can-

cer Cells 

Invasion occurs when tumor cells disseminate from the primary tumor to colonize 

distant organs [55]. The capacity of the Syrah and Chardonnay extracts to limit the inva-

sion ability of B16F10 cells is shown in Figure 5. 

Once the monolayer was obtained and the wound created, the cells converged to 

close it. After 24 hours, a closure of 64.66% of the wound was observed in the control. The 

treatment with Italian and Tunisian Syrah extracts limited the wound closure to 33.75 and 

38.76%, respectively, while French Syrah did not have a significant effect. The Italian and 

French Chardonnays have been proven to be ineffective too, while the French Chardon-

nay resulted in a 34.36% closure. 
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Figure 5. Snapshot microscopy images of wound closure (%) of untreated (Ctrl) and treated with 

250 µg/mL of Syrah or Chardonnay from Italy, France, and Tunisia for 24 h B16F10 cells.  

4. Discussion 

The objective of this study was to investigate the antioxidant and prooxidant prop-

erties of Syrah and Chardonnay pomace extracts. It was not the intention of this work to 

compare the properties of the two varieties, but even the comparison between extracts of 

different origins was affected by factors that could not be controlled at the origin. The 

original grapes were grown in different soil and climatic conditions and subjected to dif-

ferent winemaking processes. So, the quantitative and qualitative distribution of polyphe-

nols has shown significant differences across varieties and among pomaces of different 

origin. This is the result of a lack of standardized protocols for processing waste; the needs 

of primary processing, the winemaking, did not take into account the future characteris-

tics of the waste by-products. Nevertheless, we have found statistically similar anti- and 

prooxidant properties within the same variety. 

4.1. Extraction and Characterization 

The first step in defining the anti- and prooxidant properties of the pomace extracts 

was the quantitative and qualitative chemical characterization. The results obtained in this 

study find comparisons in the literature, even though a large difference in the extraction 

methods should be taken into account [44,56]. In accordance with recent studies [23], our 

choice fell on a "green" ethanol/water extractant mixture. It was a healthy and eco-friendly 

choice because the mixture of 50% ethanol and 50% water is not toxic to humans, is sus-

tainable in terms of costs and safety for an industrial transformation process, and ensured 

a good yield of polyphenols without residual ethanol in the extract. This should be an 
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essential condition, since any toxic residues in the extracts can alter the cell viability tests 

and the correct determination of the prooxidant capacity. 

Chromatography for the identification and quantification of phenolic compounds 

was preferred in this work due to its robustness and widespread application. The HPLC 

analysis of methanolic extracts of Syrah cultivated in Spain showed the presence of differ-

ent phenolic compounds in marcs (pomaces), stalks, and dregs [57]. Gallic acid, p-OH-

phenethyl alcohol, syringic acid, and epicatechin were identified in the marcs. Epicatechin 

was ca. 5–19 times more concentrated than the other compounds (21.74 mg/L); a trend that 

was not observed in all Syrah samples investigated in our study. Mediterranean grape 

pomace, seed, and skin extracts were studied by Ky and Teissedre [56]. The analyses of 

two different French Syrah extracts, water (for edible extract) and 70% hydro-alcoholic 

solution (for nutraceuticals or cosmetic formulations), allowed to identify anthocyanins 

and flavan-3-ols. The use of the 70% hydro-alcoholic solution permitted a better extraction 

of polyphenols (particularly 3.2-fold more anthocyanins) than the water alone. The most 

represented anthocyanins were 3-O-monoglucosides of delphinidin, cyanidin, petunidin, 

peonidin, and malvidin, which is a similar trend to our findings, where the main antho-

cyanins detected were malvidin-3-O-glucoside and malvidin-3-O-(6"-O-coumaroyl)-glu-

coside. Lingua et al. [58] analyzed the pomaces and the wine extracts of several grape 

cultivars grown in Argentina, including the Syrah, and phenolic acids, flavonols and an-

thocyanins were identified. The three main anthocyanins were malvidin derivatives 

(142.22 ± 10.15, 195.01 ± 16.59, and 238.94 ± 4.75 mg/kg for malvidin-3-glucoside, malvidin-

3-acethylglucoside, and malvidin-3-coumaroylglucoside, respectively), similar to what 

observed in our study. Among flavonols, quercetin and its 3-O-glucoside were detected 

in the highest amounts, while caftaric acid, coutaric acid, and ethyl gallate were detected 

in Syrah pomaces as the main non-flavonoid compounds. Regarding the pomace samples 

from the white Chardonnay variety, the HPLC-DAD analysis of the extract from Chile 

allowed to identify a range of different hydroxybenzoic acids and flavan-3-ols [59]. In the 

first class of phenolic compounds, gallic and protocatechuic were detected, and the main 

flavan-3-ols were procyanidin B1-B4, (+)-catechin, and (-)-epicatechin. A similar trend 

concerning flavan-3-ols was observed compared to our study: it was noticed that dimers 

were detected in higher amounts than monomers. However, the findings of Cerda-Car-

rasco et al. [59] showed significant differences in quantities of (+)-catechin and (-)-epicat-

echin, which was not observed in our research. The analysis of seeds and skins after aque-

ous and/or organic solvent extractions of Chardonnay grape varieties grown in Sardinia 

(Italy) allowed to identify a range of different phenolic compounds [60]. Among them 

were hydroxybenzoic acids or their derivatives (gallic acid, 3,4-di-OH benzoic acid, vanil-

lic acid, ethyl gallate, ellagic acid), hydroxycinnamic acid (p-coumaric acid), flavan-3-ols 

and their derivatives (procyanidin B1, B2, catechin, epicatechin, epicatechin gallate), and 

flavonols (rutin, quercetin-3-O-glucoside, kaempferol-3-O-glucoside, quercetin, and 

kaempferol). Lu and Foo [39] identified different polyphenolic compounds in ethanolic 

extracts of Chardonnay grape pomace from New Zealand. These compounds were gallic 

acid and its -glucopyranosides, trans-caftaric acid and 2-hydroxy-5-(2-hydroxy-

ethyl)phenyl--glucopyranoside, trans- and cis-coutaric acids, procyanidin B1, catechin, 

epicatechin, astilbin, quercetin 3-glucuronide, quercetin 3-glucoside, kaempferol 3-galac-

toside, engeletin, and kaempferol 3-glucoside. Furthermore, in Spanish Chardonnay, skin 

and seed samples analyzed by Rodríguez Montealegre et al. [61] were found cis- and trans-

caftaric acid, cis- and trans-coutaric acid, trans-fertaric acid, protocatechuic acid, catechin, 

epicatechin, epicatechin gallate, procyanidin B1-B4, quercetin glucuronide, quercetin glu-

coside, kaempferol glucoside, and isorhamnetin glucoside. 

4.2. Polyphenols and Their Antioxidant Properties 

The determination of TPC, as well as the determination of the antioxidant capacity 

of the extracts, is routinely carried out using toxic reagents (Folin–Ciocalteu, DPPH, CU-

PRAC, and most of the traditional assays involve the use of toxic solvents). The use of the 
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aforementioned methods in this work is to offer, to those who legitimately use them [56], 

a term of comparison. Nevertheless, our choice fell on cyclic voltammetry since it can pro-

vide, with only one measure, a direct evaluation of antioxidant activity (AUC0.5) and of 

total polyphenols content (AUC0.8). This electrochemical approach has proven to be effi-

cient in complex matrices such as red and white wines [34,62,63] or by-products of winer-

ies [32,45]. Moreover, it is simple, fast, inexpensive, sensitive, reliable, and, most im-

portant, free from the interferences which lead colorimetric assays to overestimate the re-

sults [20]. This overestimation could be the reason why the correlation we found between 

AUC0.5 values and DPPH and CUPRAC assays was low, both in Syrah and Chardonnay. 

The AUC0.5 values we deduced from the CVs of pomaces are in the same order of measure 

as those of Jara-Palacios et al. –Similar results were obtained by those authors in red and 

white wines, where the Q500 (which corresponds to our AUC0.5) was used as a measure of 

the concentration of the total phenols and to estimate the concentration of the low formal 

potential antioxidants. The measures obtained by CV were considered a good estimation 

of the concentration of the more reactive antioxidants in the wines, and they were 4–5 

times lower than Folin–Ciocalteu values. Furthermore, the lack of a high correlation be-

tween the AUC0.5 and the content of the most represented classes of phenolic compounds, 

anthocyanins and flavan-3-ols in Syrah, and flavan 3-ols in Chardonnay, should not sur-

prise, as also found by Piljac et al. [64]: the quantitative analysis of the single molecules 

cannot take into account the synergies and antagonisms between them and, in addition, 

many of the most represented molecules in the examined extracts can offer a minimal 

contribution to the antioxidant activity. It is the case of malvidin-3-O-(p-coumaroyl)glu-

coside, which comes from the combination of malvidin-3-O-glucoside (which starts to ox-

idize at +0.55 V) with a coumaric acid molecule (which starts to oxidize at +0.47 V). Mal-

vidin-3-O-(p-coumaroyl)glucoside is highly represented in the Syrah extract (10.05 mg/g 

dr in the French extract) but, although its contribution to the antioxidant activity cannot 

be calculated in the absence of its standard, it is conceivable that it is very low or even null 

when the redox potentials of the original molecules are considered.  

All the considerations made so far are based on in vitro studies, chemical or electro-

chemical analyses, but the difference between antioxidant capacity and real antioxidant 

activity, should not ignore the actual biological activity of the polyphenols. It is known 

that polyphenols decrease DNA damage induced by various carcinogens acting as ROS 

scavengers, chelating transition metals, or modulating the expression and the activity of 

the enzymes related to oxidative stress [8]. As many dietary polyphenols, the grapevine 

ones have been correlated with a decreased risk of cancer. Some of them, such as resvera-

trol or epigallocatechin gallate, have been indicated as potential antitumoral alone or in 

combination with chemotherapeutics [8]. Red wine resveratrol has been known to induce 

apoptotic cell death in prostate cancer cells [65], and in the HL60 human leukemia cell 

line, but not in normal human peripheral blood lymphocytes [66]. Vermentino leaf hy-

droalcoholic extracts lower the cell viability of MCF-7 and SKBR-3 breast cancer cells by a 

variety of mechanisms [53]. The intake, through a moderate consumption of wine, of 

resveratrol, quercetin, or the anthocyanins delphinidin and cyanidin, all molecules that 

we have found in Syrah and Chardonnay extracts, has determined cancer protective ef-

fects [67,68]. Epigallocatechin, another molecule we identified in Syrah and Chardonnay 

pomaces, exerted an anti-invasive effect in ECV304 human endothelial cells by controlling 

MMP-9 expression through the suppression of ROS, NF-κB, and AP-1 [69]. All the men-

tioned studies reflect the ability of polyphenols to scavenge endogenously generated ox-

ygen radicals, but some others indicate that antioxidant properties cannot fully account 

for their chemopreventive effects [8,54]. 

4.3. Polyphenols and Their Prooxidant Properties 

It was suggested, in the previous paragraph, that the antioxidant effects of polyphe-

nols could be essential but not sufficient for chemoprevention. There is evidence that nat-

urally occurring antioxidants elicit different redox responses according to a dose-response 
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mechanism and the intracellular redox state [6,7]. The role of ROS as regulators of cellular 

processes has been widely studied, including in melanoma cancer cells [70]. The malig-

nant phenotype of murine melanoma B16-BL6 cells can be reversed by decreasing the 

level of ROS using antioxidant enzymes such as SOD [71]; ROS can interact with protein, 

kinases, and transcription factors through different pathways, leading to the regulation of 

several processes (proliferation, differentiation, apoptosis) depending on the nature and 

duration of the stimuli [8]. It was demonstrated that high resveratrol concentration altered 

the cell redox state of human endothelial cells causing mitochondrial-dependent cell death 

[72]. Later this concept evolved: high doses of resveratrol reduced the protein kinase C 

activity, inhibited DNA synthesis, and induced apoptosis of endothelial cells, whereas 

low resveratrol concentration elicited an opposite effect [73]. The results of this work in-

dicated that the viability of B16F10 melanoma cancer cells was higher than the control 

when a low to moderate dose of extracts was administered, while it was reduced when 

high doses were dispensed. So, the hypothesis of a biphasic dose-response took place; low 

doses of polyphenols exert antioxidant activity promoting cell growth, while higher doses 

exert prooxidant activity increasing the mortality of B16F10 cells. According to previous 

studies, it appears as the Syrah and Chardonnay extracts have a hormesis-like behavior 

[74]. 

Ours is not the first work that investigated, by CV, the antioxidant and prooxidant 

activity of pomace extracts obtained from V. vinifera. Previous research, based on the as-

sumption that polyphenols with oxidation potential between 0.2 and 0.45 V exert antiox-

idant activity, while those with oxidation potential greater than 0.45 V exert prooxidant 

activity [75], tried unsuccessfully to correlate these properties with the inhibition of Botry-

tis cinerea mycelial growth [32]. We agree with those authors on the concept that the anti-

oxidant activity is exerted by the polyphenols which oxidize at low potentials; we agree 

less with the statement that, on a scale from 0 to 1 V, the polyphenols to the left of the 0.45 

V threshold are antioxidants, and those to the right have prooxidant activity. Our biolog-

ical results lead to other reasoning since the same molecule can act as an antioxidant or 

prooxidant according to its redox state [73]. Starting from the assumption that most anti-

oxidants of plants origin protect against ROS in some cases and promote radical genera-

tion in others, Khan et al. [4] demonstrated that plant polyphenols behave as prooxidants 

in the presence of copper ions catalyzing DNA breakage through the generation of ROS, 

and that this breakage correlates with polyphenols apoptotic inducing capacity. Cancer 

cells are under persistent oxidative stress and have an altered antioxidant defense system; 

when this stress exceeds a certain threshold, it can lead to apoptosis [76]. Resveratrol, 

which is a generally effective antioxidant, can switch to prooxidant in the presence of 

Cu(II) to induce DNA damage [77]. The anthocyanin delphinidin is not only able of bind-

ing to DNA and copper, but also catalyzes their redox cycling [78]. It was hypothesized 

that a redox reaction of polyphenol and Cu(II) in a three-component system DNA-quer-

cetin-Cu(II) may occur, leading to the reduction of Cu(II) to Cu(I), whose re-oxidation 

generates a variety of ROS; these ROS, in the presence of molecular oxygen, presumably 

lead to oxidative DNA cleavage [54]. Many of the aforementioned molecules are present 

in the pomace extracts whose properties are studied in this work. Traces of copper were 

also found in the extracts, both in Syrah and Chardonnay, presumably residues of phyto-

sanitary treatments with cupric compounds on the grapes. A high correlation between Cu 

content and prooxidant activity was found in Syrah but not in Chardonnay. Since it has 

been shown that copper addition increases the susceptibility to undergo apoptosis in rat 

thymocytes [79], and that copper administration to rats leads to an enhancement of poly-

phenols-induced DNA breakage in lymphocytes [80], we believe that the copper found in 

Syrah pomace extracts could play a key role in their prooxidant activity. We do not have 

enough evidence to assume the same for Chardonnay. 

Once established that, and at what concentration, the phenolic extracts of pomaces 

exert their prooxidant activity, we investigated the ability of 250 µg/mL of extract (the 

maximum non-toxic dose for fibroblast), to interact with hydrogen peroxide, a stress 
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inducer widely used in biological tests. The data demonstrated that it is possible to obtain 

a prooxidant effect on cancer cells by combining the extracts with doses of H2O2 that did 

not have any toxic effect on fibroblasts, and that the same effect, using only hydrogen 

peroxide, can be obtained only with cytotoxic doses for the normal cells. 

Finally, we investigated the capacity of the extracts to limit the progression of B16F10 

cells to leave their primary site. We observed a 40 to 50% reduction, vs. control, in the 

ability of treated B16F10 to disseminate from the primary tumor site. The results are en-

couraging but only preliminary, and need further studies to be confirmed. 

All these results, in perspective, open further studies on the co-administration of phe-

nolic complexes with clinically standardized therapies. In the past decade, a number of 

molecules with antitumor activity targeting proteins involved in melanoma pathogenesis 

[81], with particular reference to BRAF mutant inhibitors (such as dabrafenib or encomet-

inib) administered in combination with MEK inhibitors (trametinib or binimetinib, respec-

tively) are successfully introduced into the clinical practice [82]. Moreover, a new class of 

immunotherapies, namely the immune checkpoint inhibitors (ICI), is providing a very 

long-term benefit for patients with advanced or metastatic melanoma [83]. Despite the 

two types of treatment being used in sequence or combination [84], about 50% of ad-

vanced melanoma patients are not responsive or refractory to such treatments, thus open-

ing the field to exploit the use of additional pharmacological compounds. In our case, the 

here-demonstrated prooxidant effect of the phenolic extracts of pomaces will be firstly 

tested for their antiproliferative and proapoptotic activity on melanoma cell lines estab-

lished from patients at various stages of the disease and characterized by different molec-

ular features (BRAF or NRAS mutation, high or low tumor mutation burden, etc.), as al-

ready being pursued [85]. We even planned to indeed evaluate the effects of the phenolic 

extracts of pomaces in inhibiting tumor growth on in vivo mouse models, given alone or 

in combination with targeted therapies and/or ICI treatments. 

5. Conclusions 

This study showed that Syrah and Chardonnay pomace extracts contained consider-

able amounts of flavonoids, residues of the extraction during the winemaking process. 

The extraction made according to a green protocol resulted in the recovery of a high con-

tent of anthocyanins and flavan-3-ols, and in ethanol-free extracts, non-toxic and, there-

fore, suitable for administration to cancerous and healthy cells. The correlations found 

between the analytical tests and the results of the chemical characterization indicated that 

the properties of the extracts cannot be defined only by some components, even if much 

more represented than others, but that synergies and antagonisms between all classes of 

compounds must be taken into account. Analytical and biological tests have shown that 

Syrah and Chardonnay pomace extracts have antioxidant or prooxidant activity depend-

ing on the time and dose at which they are administered. This dual potential suggests the 

opportunity to exploit the winemaking by-products for the production of cosmeceuticals, 

or in combination with clinically standardized anticancer therapies. 
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