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and Rubén Bottini

Grape pomace can be considered as an excellent and inexpensive source of phenolic compounds with

potential bioactive properties. Therefore, the key aim of this study was to carry out a comparative study

of different Argentinean grape varieties for selecting the most convenient residue during the recovery of

compounds with antioxidant activities that will be useful in emerging industrial applications. Phenolics,

including 17 non-anthocyanins and 13 anthocyanins, isolated from grape pomace (GP) obtained from the

varieties Malbec, Cabernet Sauvignon, Cabernet Franc, and Merlot, were characterised via assessing

different chemical profiles of the studied samples. The maximum concentrations of the non-

anthocyanins corresponded to the following flavanols: (�)-epicatechin (5518 mg g�1), (+)-catechin (5340

mg g�1), procyanidin B1 (1820 mg g�1), and syringic acid (6665 mg g�1). Malvidin-3-glucoside was the

most abundant anthocyanin (32 056 mg g�1). The compound OH-tyrosol was first identified and

quantified in the GPE of Cabernet Franc and Malbec. Moreover, stilbene trans-resveratrol was found at

the levels as high as 328 mg g�1 GPE in Malbec, thus highlighting the potentiality of the variety as

a source of compounds with nutraceutical value. A discussion about the relationship between the high

levels of syringic acid and the anthocyanin malvidin-3-glucoside has also been presented. Based on the

results, new knowledge for understanding the possible synergic effects between the contents of

compounds of different families in the extracts was presented. This information can be helpful for the

technological application of the extracts and to justify different beneficial effects achieved when these

extracts are used in experimental models.
1. Introduction

The increase of consumers' awareness for safer foods, mainly
due to the use of additives, as well as for functional foods
acquired in recent years underlays the need to identify natural
alternatives and probably safer (and nutritious) antioxidants for
the food industry.1–3 Similarly, modern industries aim to reduce
the environmental impact of their waste, develop cleaner
processes of production, and increase the quality of their
products to differentiate them from those of their competitors.
Thus, efficient, relatively low-cost, and environmentally
sustainable use of the by-products of the food industry is of
undeniable importance.2

Grape pomace (GP) is an abundant underused residue ob-
tained aer the winemaking process, accounting for about 20%
in weight of the processed grapes.2 Red grapes winemaking
involves the steps of crushing, maceration, and fermentation, in
which phenolic compounds are transferred from seeds and
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skins to the must.4,5 Several variables such as grape variety,
berry ripeness, environmental factors, and technological
procedures used during winemaking exert an effect on the
qualitative and quantitative extractability of the phenolic
compounds.5 Moreover, the winemaking process being not
exhaustive has been characterised by an incomplete extraction,
leaving a by-product that still contains relatively high levels of
phenolic compounds.6 Consequently, GP constitutes a poten-
tially abundant and relatively low-cost source of a wide range of
phenolic compounds including monomeric and oligomeric
avonols, avanols, stilbenes, and a variety of anthocyanin
glycosides, which can be used in the pharmaceutical and food
industries.7 These compounds are currently receiving signi-
cant attention because of their health-promoting effects and
other properties in different biological and food systems, which
can be exploited from a technological point of view.6,8 Their
properties include antioxidant, anti-inammatory, car-
dioprotective, cancer chemo-preventive and neuro-protective
properties.7–10 Consequently, products containing phenolic
compounds can be potentially considered as healthy foods
because of their health promoting or disease-preventing prop-
erties – the so-called functional foods.8 In this context, GPs are
a rich source of bioactive substances with many applications
This journal is © The Royal Society of Chemistry 2017
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Fig. 1 Levels of total anthocyanin, TPC, and antioxidant activity
(ORAC) in freeze-dried extracts. Average contents with their standard
deviations, n ¼ 3 replicates. Samples identification: MLT, Merlot 2015
harvest from Gualtallary location; CS1, Cabernet Sauvignon 2015 from
Gualtallary; CS2, Cabernet Sauvignon 2015 from Altamira location;
CS3, Cabernet Sauvignon 2016 from Altamira; CS4, Cabernet Sau-
vignon 2016 from Agrelo location; CF1, Cabernet Franc 2015 from
Altamira location; CF2, Cabernet Franc 2016 from Altamira north side
location; CF3, Cabernet Franc 2016 from Altamira location; MB1,
Malbec 2016 from Gualtallary location; MB2, Malbec 2016 from Agrelo
location; and MB3, Malbec 2015 from Gualtallary location.

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

6 
Ju

ne
 2

01
7.

 D
ow

nl
oa

de
d 

on
 2

/2
4/

20
26

 1
0:

56
:3

8 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
and health benets; thus, it is of greatest signicance to
determine their composition. These data may offer valuable
information to characterize these residues, and this would
increase the value of the products prior to their industrial
application.

The economic importance of the winemaking industry to
Argentina, which represents 5% of the world's wine production,
lies in the fact that the most reported studies have been focused
on the antioxidant characteristics and phenolics prole of
wines.11,12 Currently, the available information on the anthocy-
anin and non-anthocyanin phenolic compounds isolated from
Argentinean GPs is limited, and a comparison of the phenolic
contents of GP derived from different grape varieties has not
been carried out. Antoniolli et al.13 reported the characterization
of phenolic compounds and the in vitro antioxidant activity of
the GPs obtained from grapes cv. Malbec cultivated inMendoza,
Argentina, for the rst time.

The main objective of the present study was to determine the
proles and amounts of individual phenolic compounds in the
GPEs of 11 different press residues obtained during wine-
making via high performance-liquid chromatography multi-
wavelength detection (HPLC-MWD). The aim was to obtain
novel data from different grape varieties cultivated in Mendoza,
Argentina, to expand the knowledge about the composition of
GPs, thus increasing the value of the by-product. Moreover, the
study was focused on evaluating some compounds that have
been less studied in these matrices but have high potentiality as
bioactive compounds and antioxidants. The data obtained
herein have also been discussed with new insights for the
winemaking industry to upgrade the value of the wine residues
as a potential source of natural antioxidants in diverse
biotechnological applications. In addition, an integrative
discussion of the correlation between the qualitative and
quantitative proles and antioxidant activity results has been
presented, also highlighting the presence of compounds that
have not been commonly reported but could be involved in
synergic effects empowering the overall bioactive potential.

2. Experimental
2.1. Standards, solvents, and chemicals

Standards of gallic acid (99%), 3-hydroxytyrosol ($99.5%),
(�)-gallocatechin ($98%), (�)-gallocatechin gallate ($99%),
(�)-epicatechin gallate ($98%), procyanidin B1 ($90%),
(+)-catechin ($99%), procyanidin B2 ($90%), (�)-epicatechin
($95%), caffeic acid (99%), syringic acid ($95%), coumaric acid
(99%), ferulic acid ($99%), trans-resveratrol ($99%), quercetin
hydrate (95%), kaempferol-3-glucoside ($99%), and malvidin-
3-O-glucoside chloride ($95%) were purchased from Sigma-
Aldrich. The standard of 2-(4-hydroxyphenyl)ethanol (tyrosol)
($99.5%) was obtained from Fluka (Buchs, Switzerland). Stock
solutions of compounds were prepared in methanol at the
concentration levels of 1000 mg mL�1. Further dilutions were
monthly prepared using methanol and stored in dark-glass
bottles at �20 �C. Calibration standards were dissolved in the
initial mobile phase of each method (LMW-PPs or anthocya-
nins). HPLC-grade acetonitrile (MeCN) and formic acid (FA)
This journal is © The Royal Society of Chemistry 2017
were acquired from Mallinckrodt Baker (Inc. Phillipsburg, NJ,
USA). Both primary–secondary amine (PSA) and octadecylsilane
(C18) were obtained from Waters (Milford, MA, USA). Reagent
grade NaCl, anhydrous Na2CO3, MgSO4, and CaCl2 were
purchased from Biopack (Buenos Aires, Argentina). Hydro-
chloric acid, ethanol, and Folin–Ciocalteu reagent were
purchased from Merck (São Paulo, Brazil). Trolox reagent
(6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid),
NaH2PO4$2H2O, Na2HPO4$12H2O, uorescein, and 2,20-azobis-
2-methylpropionamidine dihydrochloride (AAPH) were
purchased from Sigma-Aldrich (Steinheim, Germany). Trolox
standards solutions at different concentrations (0, 3.125, 6.25,
12.5, 25, and 50 mmol L�1) were prepared with 75 mmol L�1

NaH2PO4–Na2HPO4 (pH 7.0). Fluorescein was prepared as a 20
nmol L�1 solution in 75 mmol L�1 NaH2PO4–Na2HPO4 (pH 7.0).
The AAPH reagent was prepared at 140 mmol L�1 in 75 mmol
L�1 NaH2PO4–Na2HPO4 (pH 7.0). Ultrapure water was obtained
using a Milli-Q system (Millipore, Billerica, MA, USA).
2.2. Samples and phenolic compound extraction

This study was conducted with different GPs of Vitis vinifera L.
cv. Malbec, Cabernet Sauvignon, Cabernet Franc, and Merlot,
corresponding to different years and locations of collection
(data included as a footnote in Fig. 1). The material was
provided by a local winery from the vineyards of Mendoza's
region, Argentina. The winemaking was conducted with daily
pumping and contact of the skins and seeds with the juice for
RSC Adv., 2017, 7, 29446–29457 | 29447

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c7ra04681b


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

6 
Ju

ne
 2

01
7.

 D
ow

nl
oa

de
d 

on
 2

/2
4/

20
26

 1
0:

56
:3

8 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
11 days. Aer this, must was pressed, and the fresh GP was
obtained, placed in ice-cooled boxes for transportation to the
laboratory, and stored at �20 �C until processing.

The recovery of the phenolic compounds from the GPs was
performed via solid–liquid extractions according to a previous
report.13 Herein, eighty grams of fresh GP was ground using
a laboratory mixer with an aliquot of the extraction solvent
(ethanol : water, 50 : 50 v/v) at a 5 : 1 solvent-to-sample ratio.
The extraction was carried out for 2 h under continuous stirring
at 60 �C. The liquid was ltered through a lter paper and
concentrated at low pressure using a rotary evaporator at 40 �C.
The concentrated extracts were freeze-dried for 96 h at 0.12 bar
and �45 �C (Free Zone 2.5, Labconco, Missouri, USA). Freeze-
dried extracts were placed in sealed tubes and kept at �20 �C
in a dry atmosphere and darkness prior to analysis. Extracts of
the samples were prepared in duplicate. Non-anthocyanins
were extracted from the extracts according to a previously re-
ported method with some modications.14 Briey, 50 mg of
freeze-dried extract was dissolved in water to obtain up to 5 mL
volume and extracted with 2.5 mL acidied (1% FA) MeCN. For
phase separation, 1.5 g NaCl and 4 g anhydrous MgSO4 were
added, shaken for 1 min, and centrifuged for 10 min at
8000 rpm (6450 rcf). Then, a 1 mL aliquot of the upper MeCN
phase was transferred to a 2 mL d-SPE clean-up tube containing
150 mg anhydrous CaCl2, 50 mg PSA, and 50 mg C18. The
mixture was vortexed for 30 s and centrifuged for 2 min at
12 000 rpm (8400 rcf). Finally, an aliquot of the extract was
evaporated to dryness; the residue was reconstituted in the
initial mobile phase [ultrapure water (0.1% formic acid; FA)/
MeCN (95 : 5)] and analysed via HPLC-MWD.

For anthocyanin determination, an aliquot of 5 mg freeze-
dried extract was dissolved in 50 mL of the initial mobile
phase of the anthocyanins and analysed by HPLC-MWD.
2.3. Total phenolic content (TPC) and total anthocyanin

The TPC was spectrophotometrically measured using a UV-vis
spectrophotometer Cary-50 (Varian Inc., Mulgrave, Australia)
according to a previously reported method.13 First, 5 mg of the
freeze dried extract was dissolved in ethanol 50% (v/v) aqueous
solution. The TPC was determined by the Folin–Ciocalteu assay
(FC) via direct reading at 280 nm of the sample diluted 1 : 100 v/
v.15 The TPC was calculated from a calibration curve made with
the standard solutions of gallic acid (three replicates) in the
range between 5.4 and 31.5 mg L�1 (R2 ¼ 0.999) and expressed
as gallic acid equivalents (GAE 280, mg g�1). For the FCmethod,
an aliquot of 0.25 mL of dissolved sample, 12.5 mL of distilled
water, 1.25 mL of Folin–Ciocalteu reagent, and 5 mL of 20%
Na2CO3 solution were mixed in a 25 mL ask and distilled water
was added to obtain the nal volume. Prior to the measurement
of the absorbance at 765 nm, the mixture was homogenized and
incubated for 30 min in darkness at 25 �C. TPC was expressed as
GAE mg g�1 freeze-dried GPE using a calibration curve with
gallic acid as the standard (three replicates) in a range between
0 and 200 mg L�1 (R2 ¼ 0.999).

Total anthocyanin contents of the extracts were determined
according to the method reported by Iacopini et al.16 Samples
29448 | RSC Adv., 2017, 7, 29446–29457
were diluted with ethanol : water : hydrochloric acid at 0.12 mol
L�1 (79 : 29 : 1 v/v/v), and the absorbance was measured using
a UV-vis spectrophotometer Cary-50 (Varian Inc., Mulgrave,
Australia) at 540 nm. The calibration curve was made with the
standard solutions of malvidin-3-O-glucoside (three replicates)
in the range between 25 and 250 mg L�1 (R2 ¼ 0.997), and
results were expressed as mg of malvidin-3-O-glucoside per
gram of GPE (mg g�1).

2.4. Antioxidant activity

The antioxidant activity of the GPE was determined by the
oxygen radical absorbance capacity (ORAC) assay, as described
in our previous reports with some modications.13 Re-
suspended GPE solutions, as described in the TPC determina-
tion, were diluted to 1 : 750 v/v in 75 mmol L�1 NaH2PO4–

Na2HPO4 (pH 7.0). Aer this, y mL aliquots of the diluted
samples and trolox standards (0, 3.125, 6.25, 12.5, 25, and 50
mmol L�1) were added to a 96-well plate. Then, 100 mL of uo-
rescein solution was added, and the mixture incubated at 37 �C
for 7 min before the addition of 50 mL of 140 mmol L�1 peroxyl
radical generator AAPH. Fluorescence wasmonitored by 485 nm
excitation and 538 nm emissions at 1 min intervals for 90 min
using a microplate uorometer (Fluoroskan Ascent FL, Thermo
Fisher Scientic Inc, Wilmington, DE). The area below the curve
of the uorescence decay during 90 min was calculated for each
sample by integrating the relative uorescence curve, and the
ORAC was expressed as mmol of trolox equivalents per gram of
GPE (mmol TE per g).

2.5. Determination of non-anthocyanins

HPLC separations were carried out using a Dionex Ultimate
3000 HPLC-MWD system (Dionex Soron GmbH, Thermo
Fisher Scientic Inc., Germering, Germany) and a reversed-
phase Kinetex C18 column (3.0 mm � 100 mm, 2.6 mm) (Phe-
nomenex, Torrance, CA, USA). Ultrapure H2O with 0.1% FA (A)
and MeCN (B) were used as the mobile phases. Analytes were
separated using a previously reported method14 with the
following gradient: 0–2.7 min, 5% B; 2.7–11 min, 30% B; 11–
14 min, 95% B; 14–15.5 min, 95% B; 15.5–17 min, 5% B; 17–20,
5% B. The mobile phase ow was 0.8 mL min�1. The column
temperature was 35 �C, and the injection volume was 5 mL. The
quantication wavelengths for different families of analytes
were 254 nm, 280 nm, 320 nm, and 370 nm. Analytes present in
the samples were quantied using an external calibration with
pure authentic standards to achieve unambiguous identica-
tion of the analytes. Linear ranges between 2 and 1000 mg mL�1

with the coefficient of determination (R2) higher than 0.998
were obtained for all the studied phenolic compounds.

2.6. Determination of anthocyanins

For the HPLC-MWD analysis of anthocyanins, separations were
carried out using a reversed-phase Kinetex C18 column (3.0 mm
� 100 mm, 2.6 mm) (Phenomenex, Torrance, CA, USA). The
mobile phase consisted of ultrapure H2O : FA : MeCN
(87 : 10 : 3, v/v/v; eluent A) and ultrapure H2O : FA : MeCN
(40 : 10 : 50, v/v/v; eluent B) with the following gradient: 0 min,
This journal is © The Royal Society of Chemistry 2017
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10% B; 0–6 min, 25% B; 6–10 min, 31% B; 10–11 min, 40% B;
11–14 min, 50% B; 14–15 min, 100% B; 15–17 min, 10% B; 17–
21 min, 10% B. The mobile phase ow was 0.8 mL min�1,
column temperature was 25 �C, and the injection volume was 5
mL. Quantications were carried out via area measurements at
520 nm, and the anthocyanin content was expressed as
malvidin-3-glucoside, using an external standard calibration
curve (1–250 mg mL�1, R2 ¼ 0.9984). The anthocyanin
compounds detected via HPLC-MWD were conrmed by
comparing with the elution prole and identied analytes
achieved in our previous work.13

3. Results and discussion
3.1. Total anthocyanins, TPC, and antioxidant activity

Several analytical spectrophotometric methods have been
developed for the determination of TPC and other determina-
tions such as total anthocyanin content. These assays are based
on different principles and used to determine different struc-
tural groups present in the phenolic compounds.6,17 The
determination of these parameters together with the antioxi-
dant activity is the starting point for the preliminary charac-
terization of GPE because they provide valuable information
about the relative composition of the sample and its potentiality
as a bioactive additive.

Fig. 1 presents the data of the spectrophotometric analyses
and antioxidant activity of GPEs obtained from different grape
varieties and locations. With respect to the total anthocyanin
content, CS3 (Cabernet Sauvignon 2015 harvest from Altamira
location) and MB1 (Malbec 2016 harvest from Gualtallary)
showed themaximum levels of anthocyanins. However, while in
all the GPE Malbec samples, high levels of total anthocyanin
were observed, showing values twice as high (or more) as those
found in others GPEs, and in the Cabernet Sauvignon samples,
only CS3 displayed these levels. De la Cerda-Carrasco et al.18

reported 1.4 and 0.7 mg malvidin 3-glucoside per g GP (DM)
from cvs. Cabernet Sauvignon and Carménère, respectively, and
Iacopini et al.16 reported the total anthocyanin levels in the
skins of different grape varietals, obtaining concentrations
ranging from 15.9 to 39.3 mg g�1 of skin DM.

In addition, it has been observed that the TPC values, ob-
tained via both the FC method and GAE 280, were higher in
MB3 (Malbec 2015 harvest from Gualtallary; 352.8 and 332.0 mg
GAE per g GPE, respectively), followed by MB2 (MB2, Malbec
2016 from Agrelo), CS3, MB1, and CS4 (Cabernet Sauvignon
2016 from Agrelo). The lower TPC values were obtained in CS2
(Cabernet Sauvignon 2015 from Altamira; 182.1 � 9.6 and 137.1
� 0.7) and CF3 (Cabernet Franc 2016 from Altamira; 182.6� 5.7
and 139.4 � 3.1). In our previous study with Malbec GPE (from
Gualtallary vineyard, 2013 vintage), levels of 196.2 � 22.7 mg
GAE per g GPE and 165.7 � 30.2 mg GAE per 280 g GPE were
obtained.13

To estimate the capacity of antioxidants to neutralize the
reactive oxygen and nitrogen species (ROS/RNS), in a simple
experimental way, several in vitro methodologies have been
developed. Among these, the ORAC assay is one of the most
employed methods.19 As per the ORAC assay, the maximum
This journal is © The Royal Society of Chemistry 2017
antioxidant activity was observed in the MB3 sample (3889 mmol
TE per g GPE), followed by CS3, MB2, and MB1 (between 2069
and 2701 mmol TE per g GPE). Ky et al.20 reported lower levels of
ORAC (between 202 and 571 mmol TE per g DM seed crude
extract of Grenache, Syrah, Carignan Noir, Mourvèdre,
Counoise, Alicante Bouchet; and between 201 and 532 in the
grape peel extracts), whereas Wang et al.21 obtained 1921 mmol
TE per g DM in the Tempranillo grape variety. Other authors
also found similar levels in the extracts, obtaining ORAC values
of 2756 mmol TE per g GPE in a freeze-dried Malbec GPE,13 and
values ranging between 1426 and 3669 mmol TE per g GPE for
Alicante and Pinot noir cultivars,22 respectively, and in
a commercial grape seed extract, ORAC values of 8620 mmol TE
per g (ref. 23) were obtained.

In the present study, it was observed that the ORAC values
maintained a similar trend between samples as observed for
TPC, except for CS2, which presented high ORAC value despite
its low TPC value. These general correspondences are in
agreement with several authors' reports, which have described
high correlation between the TPC and ORAC values in different
samples.24–26 However, other authors did not observe any
correlation between the TPC and ORAC value for the Norton and
Cabernet Franc grape extracts, suggesting that the ability of the
grape extract to scavenge peroxyl radicals is not solely depen-
dent on its phenolic compound content.27 Additionally,
samples, such as CS3, MB1, MB2, and MB3, presenting higher
levels of anthocyanins also showed higher antioxidant activi-
ties, suggesting high degree of correlation between the two
variables.
3.2. Identication and quantication of non-anthocyanins

A total of seventeen compounds of different chemical classes
were identied and quantied in the analysed GPE samples.
They corresponded to different non-avonoids (hydroxybenzoic
and hydroxycinnamic acids and stilbenes and phenylethanol
analogs) and avonoids (avanols and avonols). The
compounds were successfully separated and identied by
comparing their elution times and UV spectra with those ob-
tained for pure standards. Table 1 shows the concentration of
individual non-anthocyanins phenolic compounds detected
and quantied. Fig. 2 presents a heat map combining the data
of the phenolic compounds for each GPE for visualizing the
changes related to each GPE sample. As can be observed,
samples CS4, CF1 (Cabernet Franc 2015 from Altamira), MB1,
and MB2 reveal the presence of 17 compounds. For the other
samples, lower number of compounds were detected. In terms
of the total non-anthocyanins (sum of quantied compounds),
CS4 and MB3 exhibited highest amounts, with the concentra-
tions between 73 and 140%, as compared to the other GPE
samples (considering CS4 as 100%). For all the studied samples,
with the exception of CS3, the family of avanols presented the
highest levels, with the concentrations ranging between 1066
(CS1, Cabernet Sauvignon 2015 from Gualtallary) and 12 886
(CS4) mg g�1. Particularly, the maximum concentrations corre-
sponded to epicatechin (5518 mg g�1, CS4), (+)-catechin (5340 mg
g�1, MB3), and procyanidin B1 (1820 mg g�1, MB2). In MLT
RSC Adv., 2017, 7, 29446–29457 | 29449
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Fig. 2 Heat-map of individual non-anthocyanins, anthocyanins, and antioxidant activity for each GPE sample. The green box indicates that
a compound occurred at higher concentration than the mean level in a sample, and the red box means the metabolite was at a lower level. The
medium colors represent intermediate concentrations between higher and lower values.
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(Merlot 2015 from Gualtallary) and CS4 GPEs, the (�)-epi-
catechin concentrations were higher than those of (+)-catechin
(between 19% for MLT and 43% for CS4 of total avonols
content), whereas the other samples showed an opposed
comportment, with (+)-catechin being more abundant than
(�)-epicatechin. These results agree with the previously re-
ported results obtained for different red grape varieties.13,14,16,28

Moreover, this behaviour of CS4 as compared to that of other
studied Cabernet Sauvignon samples could be due to the fact
that the transfer rate of phenolics during winemaking is not
a simple solid/liquid partition, rather other physicochemical
processes may modulate this transference.29,30 An additional
explanation of these high levels observed for (�)-epicatechin as
compared to those of (+)-catechin is hydrolysis of the galloylated
precursors, such as (�)-epicatechin gallate. This compound was
quantied at a level of 1236 mg g�1 in CS4, the highest level of
the studied samples. This explanation is also justied by the
higher level of gallic acid in CS4 as compared to that in other
samples. Similar results were reported by other authors for
Merlot and Cabernet Sauvignon grape varieties.31

The phenolic acids (gallic, syringic, caffeic, p-coumaric, and
ferulic) were identied and quantied in all the analysed GPEs.
The syringic acid (hydroxybenzoic family) was the most abun-
dant, with the concentrations ranging between 720 (CF2) and
6665 mg g�1 (CS3). In fact, this compound was the most
This journal is © The Royal Society of Chemistry 2017
abundant in the CS3 sample, representing about 80% of the
total non-anthocyanins compounds. However, less information
is available about the origin of this compound, and it has been
suggested that it is a product of the alkaline breakdown of
malvidin-3-glucoside.32 Other authors also found high levels of
this compound in the GPs of three autochthonous red grape
cultivars (Vitis vinifera L.) of Portugal.33 In our case, we found
a relation between the contents of malvidin-3-glucoside and
syringic acid, where the samples with high content of this
anthocyanin were those that had higher levels of the phenolic
acid (see Fig. 2 and tables). In this sense, we proposed that the
content of syringic acid is directly related to the anthocyanin
levels. Moreover, by observing the overall data, it can be
observed that sample CS3 presents high antioxidant activity
(2700 mmol TE per g GPE), which also correlates with its high
level of syringic acid (see Fig. 2). However, this sample also
presents high level of anthocyanins; thus, it is difficult to
directly associate these facts although the high concentrations
of these compounds could act in a synergic way, increasing the
antioxidant activity of the extract. Syringic acid is less known
than other phenolic compounds, but it has been reported to
possess a dose- and time-dependent inhibitory effect on cell
proliferation of the hormone-sensitive breast cancer cell line,34

axon protective effects in rat sciatic nerve aer ischemia/
reperfusion injury,35 suppression of concanavalin a-induced
RSC Adv., 2017, 7, 29446–29457 | 29451
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liver injury in mice,36 and to prevent obesogenic diet-induced
weight gain, adiposity, insulin resistance, dyslipidemia, and
hepatosteatosis.37 Thus, considering the high levels of syringic
acid found in GPEs and the abovementioned bioactive proper-
ties of this compound, future studies should be performed to
establish its antioxidant properties and/or synergic effects with
other phenolic compounds in different systems.

The phenylethanol derivative tyrosol was quantied in all the
samples with the exception of CS2. The OH-tyrosol was found
only in some samples at levels higher than 9 mg g�1. In
a previous study, we found this compound at a 13 mg g�1 level in
the Cabernet Sauvignon and Bonarda GPEs. The present study
reports a maximum concentration of 39 mg g�1 for the CS4
sample. Contrary to those reported on other phenolic
compounds, studies providing information about the concen-
tration of OH-tyrosol in wine (or derivatives) are limited. When
compared with other phenolic compounds, including tyrosol,
OH-tyrosol showed a much more effective antioxidant char-
acter. This compound is relevant since it has shown antioxidant
activity in vitro by scavenging peroxyl, hydroxyl and other free
radicals, reactive nitrogen species (ROS) and superoxide anions,
breaking peroxidative chain reactions, and preventing metal
ion-catalysed production of ROS.38 Additionally, although the
biological activities of phenolic compounds have been normally
linked to their free radical scavenging activities, evidence sup-
porting that OH-tyrosol may also offer an indirect protection by
increasing the endogenous defence systems has been re-
ported.38 Considering the probable synergic effects with other
phenols in general, the quantication of OH-tyrosol could
provide novel information to support the use of GPE as
a complementary nutritional/pharmacological additive. In this
sense, the present study provides new knowledge for the
possible exploitation of new bioactive compounds in different
applications related to the biotechnological industry. Moreover,
this study can help us and other research groups to justify
different benecial effects achieved when these extracts are
used in experimental models.

Other important compounds in the category of non-
avonoids are the stilbenes. They have signicant anti-
oxidative properties and nutritional applications; thus, their
quantication in GPEs is relevant. The stilbene trans-resveratrol
was found in all the studied samples at the concentrations
ranging between 4 (CF2, Cabernet Franc 2015 from Altamira)
and 328 (MB3) mg g�1 GPE. This high level is also correlated
with higher antioxidant activities observed in this sample (see
Fig. 1 and 2). In terms of the relative abundance of trans-
resveratrol in each GPE variety, variable results were observed
with lower levels than those found in previously reported
studies for some samples as, well as similar or higher concen-
trations, such as those of MB3 which is, to the best of our
knowledge, one of the highest levels reported for GPEs, were
also observed.13,14,29,30,39,40 For the Argentinian GPE samples, our
previous studies showed still quantiable levels of trans-
resveratrol, which ranged between 7 (Aspirant Bouchet, a tein-
turier grape variety) and 36 mg g�1 (Malbec variety).13,14 Other
authors did not nd this compound in the pomaces of Syrah,
Merlot, and Cabernet Sauvignon cultivated in the San Juan
29452 | RSC Adv., 2017, 7, 29446–29457
province, Argentina.31 The cause of this ample variability is
probably due to the fact that the amount of trans-resveratrol in
wine grapes (and consequently its residues) widely varies
depending on many factors such as grape variety, geographic
region, agronomic factors, climatic factors, plant stress condi-
tions, and oenological practices.38 This variability and the high
levels obtained for some samples (i.e. MB3) highlight the
necessity to evaluate the concentration of the compounds of
interest for each application to take maximum advantage of the
residues contents.

With respect to the avonol content of the studied GPEs,
quercetin was the most abundant compound detected and
quantied in the studied GPEs, with the concentrations
between 218 and 1695 mg g�1. The samples CS3 and CF3 did not
present detectable levels of this compound. Quercetin concen-
trations obtained in this study for red GPEs of Cabernet Sau-
vignon, Merlot, Malbec, and Cabernet Franc are higher than
those reported by Lingua et al. for grapes cultivated in Argen-
tina31 (93–251 mg g�1, Syrah, Merlot, and Cabernet Sauvignon
pomaces) and similar to those reported for Malbec (557 mg g�1),
Cabernet Sauvignon (2092 mg g�1), and Bonarda (1675 mg g�1)
GPEs.13,14
3.3. Anthocyanins proling

The prole and concentration of anthocyanins of a given grape
cultivar are closely linked to their genetic inheritance, whereas
these intrinsic characteristics may also be inuenced by envi-
ronmental factors.41 However, the anthocyanin proles of wine
and by-products of winemakingmay be different due to changes
in the solid/liquid partition coefficients of individual
compounds and their solubility in the wine. This fact can
modulate the transfer of anthocyanins from grape to wine; thus,
a residue with varying contents of compounds is obtained.30

Table 2 summarizes the individual anthocyanin concentra-
tions in the GPEs grouped based on the type of the derivative
(non-acylated, acylated, and coumarylated), and Fig. 2 presents
the results as a heat map. Fig. 3 shows an example of the elution
prole for 13 anthocyanins present in the MB3 GPE; the ob-
tained chromatograms showed similar elution proles for each
GPE. The anthocyanins found were similar to previously re-
ported data for Malbec of Argentina.13 However, the presented
data differ from the results presented by Lingua et al.31 for
Cabernet Sauvignon and Merlot GPE. These authors did not
nd delphinidin 3-O-glucoside, cyanidin 3-O-glucoside, and
delphinidin 3-O-acetylglucoside, whereas our results showed
levels ranging between 674 and 7023 mg g�1 GPE for these
compounds. The reason of this difference could be the type of
extraction process used in each study. Apart from this, the
phenolic compound proles assessed in the present study were
similar to those of other grape cultivars cultivated over the
world: Cabernet Mitos, Cabernet Sauvignon, Merlot, Grenache,
Syrah, Carignan Noir, Mourvèdre, Counoise, and Alicante
Bouchet.20,42–44 For the Cabernet Franc variety, there is
a previous study reporting the levels according to the type of
anthocyanidin, but differentiation between non-acylated, acyl-
ated, and coumarylated derivatives, as well as their
This journal is © The Royal Society of Chemistry 2017
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Fig. 3 Elution profile for the anthocyanins present in the freeze-dried MB3 GPE analyzed by HPLC-MWD.
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quantication was not carried out.45 Thus, the present study
adds new information about anthocyanin composition and
distribution in this grape variety.

In terms of concentration, the data obtained showed differ-
ences in the amount of total anthocyanins according to the
samples. As expected, malvidin 3-O-glucoside was the predom-
inant compound, mostly followed by malvidin 3-O-p-coumar-
oylglucoside and malvidin 3-O-acetylglucoside (see Table 2 and
Fig. 2). MB3 was the sample with highest content of total
anthocyanins (78 537 mg g�1 GPE) followed by CS3 (64 563 mg
Fig. 4 (a) Distribution of the anthocyanins based on the type of derivati
contents of tri-hydroxylated and di-hydroxylated anthocyanins.

29454 | RSC Adv., 2017, 7, 29446–29457
g�1 GPE) and MB2 (53 629 mg g�1 GPE). These results are in
accordance with the spectrophotometric analysis of total
anthocyanins. In terms of the anthocyanin distribution
according to the type of anthocyanidin, the second most
abundant anthocyanidin was petunidin. Differences in the
content were observed between samples of the same grape
variety, probably because GPE originated from diverse cultiva-
tion places and/or different winemaking procedures were per-
formed that affected the nal content of the phenolic
compounds. Fig. 4a shows that the glucosylated derivatives
ve (non acylated, acylated, and coumarylated); (b) stacked plots of the

This journal is © The Royal Society of Chemistry 2017
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were the most abundant group of pigments in GPEs (50% for
CF3 and 69% for MB3) as compared to the acylated and cou-
marylated forms. Fig. 4b presents the stacked plots of the
contents of two groups of anthocyanins: tri-hydroxylated (del-
phinidin, petunidin, and malvidin derivatives) and di-
hydroxylated (cyanidin and peonidin derivatives). Similar to
what has been reported for wines, the proportion of tri-
hydroxylated derivatives was higher, but not with a regular
Fig. 5 PCA of the phenolic composition of pomace samples: (a) PCA
compounds.

This journal is © The Royal Society of Chemistry 2017
distribution between varieties or different samples in each
variety. Some authors proposed that the proportion of di-
hydroxylated anthocyanins in Cabernet Sauvignon grapes is
higher in the vineyards located in the valley zones with high
altitudes.46 Thus, future studies will be performed to evaluate
these facts in the grapes of the vineyards of Mendoza with the
aim to establish the effect on the composition of the pomaces.
In general, the samples, such as MB1, MB2, MB3, and CS3, with
scores of GPE samples. (b) PCA correlation loadings for the analysed

RSC Adv., 2017, 7, 29446–29457 | 29455
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higher contents of anthocyanins and antioxidant activities also
presented high proportion of di-hydroxylated anthocyanins,
suggesting again a correlation between these variables.

3.4. Principal component analysis (PCA)

As abovementioned, the investigated GPEs corresponded to
different grape varieties, and differences in their phenolic
proles were observed. To assess the variations and examine the
relationship between different types of GP based on their
phenolic composition, a PCA was performed. Raw data of
anthocyanins and non-anthocyanins were autoscaled to avoid
the effect of different size variables, and 30 variables
(compounds analyzed in each sample) were chosen as markers
of the samples. Regarding the results presented in Fig. 5, more
than 90% of the data variability has been described for the rst
3 principal components, and PC1 and PC2 exhibit 55% and 27%
data variability, respectively. PCA shows same trends among
different samples and levels of phenolic compounds. Samples
CS2 and CS4 appear as a group of discriminated samples in
PC2, which are correlated with the correlation loading of the
compounds caffeic acid, (+)-catechin, gallic acid, quercetin, and
p-coumaric acid. Sample MB2 was well separated from the other
samples characterized by high contents of malvidin 3-O-p-cou-
maroylglucoside in PC1. Besides these results, no trends were
found among possible variety separation between analysed
samples. As has been mentioned hereinaer, the reason for
these results will be the factors involved in the winemaking
processes, as well as genetic, vineyard conduction, and envi-
ronmental conditions, that may affect the phenolic composi-
tion of the nal residue aer winemaking.

3.5. Choice of GPE for applications

In light of the results reported in the present study, we estab-
lished that pomaces from the Malbec, Merlot, Cabernet Sau-
vignon, and Cabernet Franc grape varieties had different
phenolic compositions, showing diverse qualitative and quan-
titative proles and varying antioxidant capacities. These
differences are likely due either to differences in the availability
of certain compounds among varieties, vintages, terroir-related
effects or to the differences in the extraction processes during
winemaking. The achieved data suggest that Malbec GPE
appears as the most promising cultivar in terms of its high
content of anthocyanins and non-anthocyanin compounds. A
highlighting result is the presence of trans-resveratrol at the
levels as high as 328 mg g�1 GPE for the sample MB3. These high
contents of phenolics are well correlated with the achieved
antioxidant activities and TPC for these samples, as can be
observed from Fig. 2, specically for the samples MB3, MB2,
CS4, and CS3. Moreover, a high correlation between the sum-
med concentrations of the individual anthocyanins and non-
anthocyanins was observed, where samples with high levels of
these compounds also presented higher antioxidative proper-
ties (Fig. 2). Note that Malbec is the main cv. produced in
Argentina, representing 31% of the red grape area, and is
considered as the emblematic wine cv. for the country.
According to this, it is also the variety generating most residues.
29456 | RSC Adv., 2017, 7, 29446–29457
In this sense, the implementation of sustainable strategies to
deactivate these pomaces will be useful from both the oeno-
logical and the environmental points of view. Knowledge of the
proles and properties of the samples will increase the value of
a possible commercial product and help to make a decision in
the selection of the most convenient GPE for industrial scale
extraction. Moreover, as per the industry interest, i.e. the use of
extracts as additives to add colour and antioxidants to food,
some isolation process could be applied to enrich the extracts
with the compounds of interest (anthocyanins). In addition, as
an integrative application of these residues coming from and
going to the food industry, some additional controls related to
the possible presence of contaminants, such as mycotoxins or
pesticide residues, should be kept in mind.47

4. Conclusions

In this study, qualitative and quantitative proles of anthocya-
nins and non-anthocyanins of GPEs, obtained from different
grape varieties cultivated in Argentina for red winemaking, were
presented. A total of 30 compounds were determined. Samples
were also evaluated via different spectrometric methods to
determine the antioxidant activity, TPC, and total anthocyanins
to nd out a correlation with quantitative phenolics proles.
Malbec showed highest levels of the studied compounds, which
were in agreement with the general parameters determined.
The presence of OH-tyrosol was reported in several of the
analyzed samples, adding new data related to a compound with
high antioxidant properties that has not been reported in other
grape varieties cultivated worldwide. In addition, high concen-
tration levels of syringic acid were found, and a possible
explanation of their levels was hypothesized. The overall data,
presented in terms of antioxidant capacity and phenolic proles
of GPs, provides information for the winemaking industry to
use the by-products as a low-cost source of bioactive
compounds with imminent applicability in biotechnological
industries. Moreover, the presented and discussed data will
help to understand the possible synergic effects between
phenolic compounds when the extracts are applied to experi-
mental models.
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12 M. Fanzone, Á. Peña-Neira, V. Jofre, M. Assof and F. Zamora,
J. Agric. Food Chem., 2010, 58, 2388–2397.

13 A. Antoniolli, A. R. Fontana, P. Piccoli and R. Bottini, Food
Chem., 2015, 178, 172–178.

14 A. R. Fontana, A. Antoniolli and R. Bottini, Food Chem., 2016,
192, 1–8.

15 G. Spigno and D. M. De Faveri, J. Food Eng., 2007, 78, 793–
801.

16 P. Iacopini, M. Baldi, P. Storchi and L. Sebastiani, J. Food
Compos. Anal., 2008, 21, 589–598.

17 B. Lorrain, I. Ky, L. Pechamat and P. L. Teissedre, Molecules,
2013, 18, 1076–1100.

18 A. de la Cerda-Carrasco, R. López-Soĺıs, H. Nuñez-Kalasic,
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26 A. Dávalos, C. Gómez-Cordovés and B. Bartolomé, J. Agric.
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