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A B S T R A C T

Winery by-products are a rich source of polyphenols, which have proven to have several beneficial biological
properties, such as, antioxidant and antimicrobial activities. Therefore, this study aimed the extraction of
polyphenols from winery by-products of two Portuguese red grape varieties, Touriga Nacional and Preto
Martinho, and evaluate their phenolic profile, antioxidant properties and antimicrobial activity against anti-
biotic resistant bacteria. The polyphenols were extracted from the grapes' skins, seeds and stems. Extracts were
analysed for total phenolic, anthocyanin and tannin contents, and the polyphenol profile was determined by
High Performance Liquid Chromatography. The antioxidant activity of the extracts was determined by ABTS+

and DPPH methods. Antimicrobial susceptibility assay was performed using Kirby-Bauer disc diffusion method.
Preto Martinho variety presented a higher polyphenolic content than Touriga Nacional. Malvidin 3-O-glucoside
was the most abundant compound found in the skins extracts in both varieties. The main phenolic compound
found in the seeds and stems extracts was catechin. From the several flavonols quantified, rutin was the most
abundant. For both varieties, the seeds extracts showed the highest antioxidant and antimicrobial properties,
followed by the stems extracts. The extracts showed antibacterial activity against all tested strains except on
gram-negative bacteria Salmonella enteritidis, Escherichia coli and Pseudomonas aeruginosa. These results show
that, natural products, such as polyphenols, may represent a source for the development of novel antimicrobials
to combat gram-positive resistant bacteria and possibly be used as natural food preservatives. However, they
were not effective against gram-negative resistant bacteria which shows that polyphenols, alone, might not
substitute antibiotics.

1. Introduction

Grape (Vitis vinifera L.) is one of the most cultivated crops in the
world, representing a production of more than 77 million tonnes in
2016, most of which is directed towards wine production (FAOSTAT,
2017). As part of the winemaking process, a large amount of waste is
obtained, corresponding to approximately 20% of grapes' weight
(Schieber, 2017). Grape pomace, including skins, stems and seeds, is

frequently regarded as an environmental problem, due to its negative
impact when disposed, or as an undervalued product, being used as a
fertilizer or as animal feed (Beres et al., 2017). Although the pomace
can be used for ethanol or grape seed oil production, several interesting
and bioactive compounds still remain in its composition, turning this
waste an interesting product with added-value in the context of circular
economy. In this sense, grapes represent not only a source of nutrition,
but also of several compounds with beneficial properties in the
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antimicrobial, antioxidant and anti-inflammatory standpoint. In parti-
cular, grapes are rich in polyphenols, a group of compounds frequently
found in plants as products of their secondary metabolism. In the grape
berry, some polyphenols, such as anthocyanins, are located mainly in
the skins, while others such as, catechins are present in the skins, seeds
and stems (Jordão & Correia, 2012). Secondary metabolites have a
great importance in the evolution of different plant lineages, since they
address specific needs of plant physiology and morphology, but also
have several functions including protecting the plant against bacteria,
UV-radiation, stress situations (nutrient deficiency, low temperatures),
among others (Boudet, 2007). Distinct plants synthesize different con-
centrations of numerous polyphenols since their ability to produce
these compounds have changed over evolutionary time in order to
overcome the environmental challenges (Boudet, 2007). Polyphenols
have been studied in-depth over the last years since they exhibit a wide
range of physiological properties such as antioxidant, anti-mutagenic,
anti-inflammatory, anti-carcinogenic and antimicrobial activity (Dykes
& Rooney, 2007; Louli, Ragoussis, & Magoulas, 2004; Quideau,
Deffieux, Douat-casassus, & Pouysøgu, 2011; Uttara, Singh, Zamboni, &
Mahajan, 2009).

Among the numerous applications of polyphenols, its use as natural
preservatives has recently become an area of growing interest
(Schieber, 2017). Additionally, it should also be considered that the
emergence of drug resistant bacteria worldwide is becoming a threat to
human health, which may lead the humankind back to the pre-anti-
biotic era, where small infections led to death (Davies & Davies, 2010).
Therefore, it is increasingly necessary to investigate and develop new
effective antimicrobials. Several studies have been performed so far
regarding the antimicrobial activity of natural plant-derived com-
pounds, however, only a few studies were conducted with antibiotic
resistant bacteria. Phenolic compounds have proved to have a high
effect on bacteria, mainly because they cause structural or functional
damage to the bacterial cell membrane (Aleksic & Knezevic, 2014). A
potential and cheap source of these compounds are the agro-industrial
by-products. The list of compounds to check in plant-food by-products
is almost endless since the secondary metabolites usually found in in-
dustry by-products, such as phenolics, tannins, alkaloids and terpe-
noids, have a great number of subclasses of active compounds(Guil-
Guerrero, Ramos, Moreno, Zúñiga-Paredes, & Carlosama-Yepez, 2016).
The winery by-products, namely grape pomace, represent a rich source
of these compounds.

Currently, winemaking contributes significantly to the economy of
several countries and 60% of the total wine production is made by
European Union countries. Among those, Portugal is the fifth largest EU
wine producer, with a production of more than 600 thousand tonnes in
2014 (FAOSTAT, 2017). Considering that winery by-products, such as
skins, seeds and stems, account for 25–35 kg/hL of produced wine
(Prozil, Evtuguin, Silva, & Lopes, 2014) and that they represent a sui-
table and inexpensive source of compounds with potential anti-
microbial activity, the main goal of this work was to evaluate the
phenolic compounds composition of different constituents of grape
pomace, namely skins, seeds and stems, and assess its antimicrobial
activity against several antibiotic resistant bacteria. For this purpose,
polyphenols were extracted from the winery by-products (skins, seeds
and stems) of two Portuguese red grape varieties, Touriga Nacional, one
of the most representative cultivars in Douro region, and Preto Mar-
tinho, a cultivar also used in Douro region, presenting darker grapes
when compared with Touriga Nacional, and for which no studies are
available so far. The prepared extracts were evaluated for their phenolic
profile, antioxidant properties and antimicrobial activity against anti-
biotic resistant bacteria.

2. Material and methods

2.1. Plant material

Plant material used includes stems, seeds and skins of two
Portuguese red grape varieties: Touriga Nacional and Preto Martinho.
Grapes were collected from Quinta das Carvalhas, Pinhão (Região
Demarcada do Douro, Sub-região Cima Corgo) during the harvest
season in September of 2016. All samples were freeze-dried, mill-
powdered and stored in a desiccator.

2.2. Extraction of polyphenols

The polyphenolic constituents from grape skins, seeds and stems
were extracted using water/ethanol (50:50) mixture. Two grams of
powder of each sample was extracted with 100mL of solvent by stirring
for 2 h followed by sonication during 5min. The samples were cen-
trifuged at 10000 g for 15min and the pellet was re-extracted. The
supernatants were collected, and the solvents evaporated under vacuum
on rotary evaporator at 40 °C. Finally, the obtained dry residues were
weighted and redissolved in dimethyl sulfoxide (DMSO) to a final
concentration of 100 μg/mL. Extraction was done in duplicate for each
sample.

2.3. Determination of total phenolic and anthocyanin contents

The total phenols and total anthocyanins were determined spec-
trophotometrically according to Connor, Luby, and Tong (2002) with
modifications. Quartz crystal cuvettes were used for every assay and the
reference solution was DMSO.

The total amount of phenols and of anthocyanins in seeds, skins and
stems extracts were determined by adding 200 μL of the extracts to
3.8 mL of HCl 1.0M. The mixture was incubated at room temperature
for 3 h. Absorbances were measured at 520 nm to determine the an-
thocyanin content and at 280 nm to determine the total phenol content.

Each determination was performed in triplicate and results ex-
pressed as mean ± standard deviation (SD).

2.4. Determination of tannin content

Total tannin content was determined as previously described by
Sarneckis, Dambergs, Jones, Mercurio, and Herderich (2006) with
modifications (Sarneckis et al., 2006). Methyl cellulose solution
(0.04%) was prepared according to the manufacturer's instructions.

2.4.1. Treatment sample
Six hundred microliters of methyl cellulose solution (0.04%) was

added to each sample (50 μL) in a 2mL centrifuge tube which was in-
verted several times and allowed to stand for 2–3min at room tem-
perature. Then, 400 μL of saturated ammonium sulphate solution was
added and the volume was made up with water to 2mL. The solution
was incubated at room temperature for 10min, and then centrifuged for
15min at 10000 g. The absorbance was measured at 280 nm.

2.4.2. Control sample
In a 2mL centrifuge tube, 400 μL of saturated ammonium sulphate

solution was added to 30 μL of each sample and the volume was made
up with deionized water and mixed by tube inversion. The solution was
allowed to stand at room temperature for 10min and then centrifuged
for 15min at 10000 g. Methyl cellulose solution was not used and in-
stead it was used deionized water. The absorbance was measured at
280 nm.

2.5. HPLC-DAD analysis

All samples were analyzed on a reversed phase HPLC unit (Gilson)
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using an Ultimate 300 solvent delivery system equipped with a
Surveyor PDA plus detector (Thermo Finnigan, San Jose, CA, USA). The
compounds separation was performed by gradient elution on an ACE 5
C18 column (5 μm particle size; 250mm×4.6mm) using a mobile
phase of 0.1% (v/v) trifluoroacetic acid (TFA) inwater (eluent A) and
0.1% TFAin acetonitrile (eluent B) using a linear gradient of 20–100%
eluent B in 60min. Phenolic compounds were identified by comparing
retention times and UV–vis spectra with the available reference com-
pounds and/or UV–vis spectra from the literature (Ferreira et al., 2016,
2017). Compounds quantification in the extracts was performed by the
external standard method. Flavan-3-ols, vannilic and gallic acids were
quantified at 280 nm, hydroxycinnamic derivatives and resveratrol at
320 nm, flavonols at 350 nm and anthocyanins at 520 nm.

2.6. Determination of antioxidant activity

The antioxidant activity was determined in vitro by measuring the
free radical scavenging activity using ABTS (2,2-azino-di-(3-ethyl-ben-
zothialozine-sulphonic acid)) and DPPH (2,2-diphenyl-1-picrylhy-
drazyl) as described previously (Hatano, Kagawa, Yasuhara, & Okuda,
1988; Re Pellegrini, Proteggente, Pannala, & Rice-Evans, 1999). Briefly,
the ABTS+ solution was prepared by the addition of 7 mM ABTS to
2.45 mM of potassium persulphate. This solution was mixed and al-
lowed to stand in the dark for 12–16 h at room temperature in order to
produce ABTS radical cation. The working solution of ABTS·+ was
obtained by the dilution of the previously made ABTS solution with
ethanol to an absorvance of 0.70 at 734 nm. Each sample and Trolox
standards were added to ABTS·+ solution and the absorvance was read
10 min after mixing. The percentage of inhibition was calculated by the
following formula: % inhibition = 100 × (A0-A)/A0 where A0 was the
initial absorbance obtained by measuring the solvent absorvance, and A
was the final absorbance of each tested sample at 734 nm. The cali-
bration curve between % inhibition and Trolox (100–2000 μM) solu-
tions was then established. The radical-scavenging activity of each
tested sample was expressed in Trolox equivalent antioxidant capacity
(TEAC μmol Trolox/g).

For DPPH assay, different concentrations of the extracts were mixed
with methanolic solution containing DPPH radicals (6× 10-5M) and
left to stand for 60min in the dark to obtain stable absorption values.
The decrease of the DPPH radical was determined by measuring the
absorption at 517 nm and the radical scavaging activity (RSA) was
calculated as percentage of DPPH discoloration according to following
the formula: RSA%= [(ADPPH – AS)/ADPPH]×100, in which the AS
is the absorbance of the sample solution and ADPPH is the absorbance
of the DPPH solution. The extract concentration providing 50% of ra-
dicals scavenging activity (EC50) was calculated from the graph of
RSA% against extract concentration.

All determinations were carried out in triplicate.

2.7. Bacterial strains, culture media and growth conditions

Antimicrobial susceptibility was tested against 8 multiresistant dif-
ferent bacterial species: Enterococcus faecalis (E. faecalis) vanB2-C3735
(López et al., 2012), Enterococcus faecium (E. faecium) vanA-C2302
(Jiménez et al., 2013), Escherichia coli (E. coli) C999 (CTX-M-15) (Ruiz
et al., 2012), Klebsiella pneumoniae (K. pneumoniae) C1370 (CTX-M-15)
(Ruiz et al., 2012), Pseudomonas aeruginosa (P. aeruginosa) C4660 (VIM-
2) (Garza-Ramos et al., 2008), Staphylococcus aureus (S. aureus) C5932
(MRSA CC398) (Benito et al., 2014), Staphylococcu epidermidis (S. epi-
dermidis) C3658 (linezo-R) (Lozano et al., 2013) and Salmonella en-
teritidis (S. enteritidis) C4220; and 2 foodborne strains Listeria mono-
cytogenes (L. monocytogenes) ATCC700302 and Bacillus cereus (B. cereus)
ATCC1306. The strains are part of the University of La Rioja and Uni-
versity of Trás-os-Montes and Alto Douro collection. All bacterial
strains were grown in BHI agar (Oxoid, UK) for 24 h at 37 °C. For the
antimicrobial activity assay, Müller-Hinton (Oxoid, UK) agar was used

in the same previous conditions.

2.7.1. Antibacterial susceptibility test
Each bacterium was seeded onto BHI agar plates and grown for

24 h at 37 °C. The Müller-Hinton plates were inoculated with a swab
dipped into a bacterial suspension with a turbidity equivalent to 0.5
McFarland standard. The antimicrobial susceptibility assay was per-
formed using Kirby-Bauer disc diffusion method. The initial extract
solution of 100 μg/mL was diluted with DMSO to 75, 50, 25 and 10 μg/
mL. Twenty microliters of the extracts in several concentrations was
loaded on sterile blank discs (6 mm diameter) and the discs were im-
pregnated onto inoculated agar. Discs with antibiotics were used as
positive controls and discs impregnated with DMSO were used as ne-
gative control. The plates were incubated at 37 °C for 18–24 h. The
inhibition zones indicated the antimicrobial activity of the extracts and
were measured with a ruler. The test was performed in triplicate.

3. Results and discussion

3.1. Phenolic profiles analysis

The Portuguese Port wine is produced from grapevine cultivars
grown in Douro region. Both Touriga Nacional and Preto Marinho
varieties are grown in Douro region and Touriga Nacional is widely
used in Port wine production. As far as we know, this is the first report
on the phenolic profile and antioxidant activity, as well as on anti-
microbial activity of the Portuguese variety Preto Martinho. The results
for total phenolic content (TPC), total anthocyanin content (TAC) and
total tannin content (TTC) of the skins, stems and seeds of the two
cultivars are presented in Table 1. The skins extracts of Preto Martinho
had higher concentrations of TPC (360 μg/mg), TAC (65.8 μg/mg) and
TTC (86.7 μg/mg) than Touriga Nacional (TPC: 35.5 μg/mg; TAC:
9.3 μg/mg; TTC: 7.23 μg/mg). These results were expected since Preto
Martinho grapes are highly pigmented when compared to Touriga
Nacional. Yet, the phenolic content of the grapes depends mainly on the
variety and not only on the color of the grape (Yang, Martinson, & Hai,
2009). The TPC of the seeds in both varieties were the highest of the
three grape components analyzed which is in accordance with other
studies (Cheng, Bekhit, Mcconnell, Mros, & Zhao, 2012; Makris,
Boskou, & Andrikopoulos, 2007). However, Makris et al. (2007) studied
the TPC of stem, skins and seeds of red grape varieties and obtained
higher concentrations of TPC in stems than skins which differs from our
results (Makris et al., 2007). As for the TPC and TTC of the stems ex-
tracts, once again Preto Martinho presented higher concentrations than
Touriga Nacional. The distinct difference in TPC between the two
Portuguese varieties reveals that Preto Martinho is a better source of
polyphenols than Touriga Nacional.

The phenolic compounds extracted from the skins, seeds and stems
of Touriga Nacional and Preto Martinho (PM) varieties were analyzed
by reverse phase HPLC-DAD. Identification of the compounds was
achieved by comparison of the retention times with characteristic UV/
vis spectra with standards and literature. Quantification was made by

Table 1
Total phenolic content (TPC), total anthocyanin content (TAC) and total tanin
content (TTC) of the skins, seeds and stems of Touriga Nacional and Preto
Martinho varieties (mean ± SD, n=3).

Wine varieties TPC (μg/mg)a TAC (μg/mg)a TTC (μg/mg)a

Touriga Nacional Skins 35.5 ± 1.8 9.3 ± 1.1 7.23 ± 2.1
Seeds 261.3 ± 7.0 33.94 ± 8.7
Stems 45.9 ± 10.7 7.76 ± 1.61

Preto Martinho Skins 360.2 ± 2.5 65.8 ± 8.1 86.71 ± 6.3
Seeds 363.0 ± 0.5 56.32 ± 0
Stems 226.8 ± 6.9 22.15 ± 1.9

a Values expressed as μg of epicatechin equivalents/mg of residue.
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calibration curves of external standards and is expressed in catechin
equivalents. The polyphenolic profiling of the two studied varieties
revealed a total of twenty-four polyphenols, comprising phenolic acids,
flavan-3-ols, flavonols, a stilbene and anthocyanins. The individual
major phenolic compounds identified and quantified in the skins, seeds
and stems of each variety are shown in Table 2. Malvidin 3-O-glucoside
was the most abundant polyphenol in the grape skins of both varieties,
being in a higher concentration in the extract of Preto Martinho
(464.9 μg/mg) than in the extract of Touriga Nacional (178.8 μg/mg).
Peonidin 3-O-glucoside was the second compound more abundant in
skin extracts of both Preto Martinho (117.3 μg/mg) and Touriga Na-
cional (53.2 μg/mg) followed by ferulic acid (PM: 115.5 μg/mg; TN:
51.1 μg/mg) and cyanidin 3-O-glucoside (PM: 98.1 μg/mg; TN: 39.4 μg/
mg). The compounds with highest concentration are similar between
the grape cultivars which may be due to the fact that both varieties
were grown in the same region in the same conditions. Despite this,
Preto Martinho skins extracts have a higher concentration of phenolic
compounds in general than Touriga Nacional. Of all anthocyanins, cy-
anidin 3-O-glucoside was present in the lowest concentration in both
varieties, which can be due to cyanidin being a precursor in the bio-
synthesis of other anthocyanins (Novak, Janeiro, Seruga, & Oliveira-
brett, 2008). Rutin (quercetin-3-O-rutinoside), was the most abundant
compound of the flavonol group in both varieties, being in a higher
concentration in Touriga Nacional (27.0 μg/mg) than Preto Martinho
(9.8 μg/mg). Other studies have found similar results for Touriga Na-
cional (Novak et al., 2008). The main phenolic compounds found in the
seed extracts were catechin (17.2 μg/mg in Preto Martinho and 7.7 μg/
mg in Touriga Nacional) and epicatechin (15.5 μg/mg in Preto Mar-
tinho and 11.2 μg/mg in Touriga Nacional) which is comparable to the
literature (Cheng et al., 2012; Hatzidimitriou, Nenadis, & Tsimidou,
2007). Both varieties had higher concentration of epicatechin than
catechin. Although some studies made with varieties from southern
Europe found a higher concentration of catechin than epicatechin in red
grape varieties (Zhu, Zhang, & Lu, 2012), the opposite was described in

other studies (Hatzidimitriou et al., 2007). Thus, these variations may
be consequence of the genetic differences between cultivars, the light
intensity, the composition of the soil, the region, among others
(Topalovic & Mikulic-Petkovsek, 2010). The following most abundant
compound in Preto Martinho's seeds extract was trans-resveratrol
(15.4 μg/mg) and for Touriga Nacional was gallic acid (6.7 μg/mg). In
what concerns grape stems, only a few studies have investigated the
phenolic composition of this type of winery by-product (Goutzourelas
et al., 2015; Vázquez-Armenta et al., 2017). Catechin was the most
abundant compound in both varieties being the concentration of this
compound higher in Preto Martinho (38.7 μg/mg) than Touriga Na-
cional (29.3 μg/mg) stems. The second compound with the highest
concentration was p-coumaric acid in both Preto Martinho (34.3 μg/
mg) and Touriga Nacional (27.0 μg/mg) followed by rutin (27.3 μg/mg)
in Preto Martinho and ferulic acid (19.6 μg/mg) in Touriga Nacional.
Grape stems are essentially constituted by lignin, tannins, cellulose and
hemicelluloses (Prozil et al., 2014). Lignin is made of phenolics acids
such as p-coumaric acid, ferulic acid, among others (Adeboye, Bettiga,
& Olsson, 2014). The concentration of epicatechin in the stems extracts
of both varieties was 15.5 μg/mg which is in accordance with another
study that detected a reduced concentration of epicatechin in compar-
ison with catechin in stems of red grape varieties from Greece
(Apostolou et al., 2013).

3.2. Antioxidant activity

The antioxidant activity of skins, seeds and stems of Preto Martinho
and Touriga Nacional was evaluated using the ABTS and DPPH
methods. The free radical-scavenging assay using DPPH radical is
widely used as a screening assay in the determination of antioxidant
capacity of different plant extracts since it provides information on how
capable an antioxidant is in preventing reactive radical species from
reaching several components of the biological systems. DPPH (Katalinic
et al., 2010). Results showed that Preto Martinho variety had greater
antioxidant activity than Touriga Nacional. Regarding the results ob-
tained from the ABTS assay, the total average values in Touriga Na-
cional were 33.2, 185.2 and 59.0 and in Preto Martinho were 80.6,
206.3 and 97.9 μmol Trolox equivalent per g of residue in skins, seeds
and stems, respectively (Table 3). The results of the DPPH assay,
measured in effective concentration providing 50% inhibition (EC50),
were in good agreement with those of the ABTS assay, since an higher
antioxidant capacity was also found for the seeds extracts, followed by
stems and skins. In both varieties, a higher TPC was determined for the
seeds extracts when compared tothe skins and stems extracts, which
most probably explains the higher antioxidant activity observed for the
former. This is in good agreement with previous studies that evaluated
the antioxidant capacity and TPC of several grape varieties, and re-
ported a high correlation between these parameters, pointing to the fact
that the antioxidant activity of wines is mainly due to its phenolic
compounds (Paixão, Perestrelo, Marques, & Câmara, 2007; Rupasinghe
& Clegg, 2007). Doshi, Adsule, Banerjee, & Oulkar, 2015 investigated

Table 2
Polyphenolic compounds (μg/mg of residue) fund in the grape varieties and
their retention times.

λmax

(nm)
Preto Martinho Touriga Nacional

Skins Stems Seeds Skins Stems Seeds

gallic acid 280 0.8 11.5 0.3 0.6 10.5 6.7
o-coumaric acid 320 n.d.a 4.55 n.d.a 0.1 4.9 n.d.a

vanillic acid 280 0.7 24.9 0.5 0.4 15.9 1.5
neochlorogenic acid 320 2.7 0.37 n.d.a 1.0 0.5 n.d.a

chlorogenic acid 320 13.3 5.2 n.d.a 4.0 4.2 n.d.a

cyanidin 3-O-glucoside 520 98.1 n.d.a n.d.a 39.4 n.d.a n.d.a

catechin 280 55.8 38.7 17.2 29.8 29.3 7.7
m-coumaric acid 320 7.2 0.7 n.d.a 1.3 0.7 n.d.a

peonidin 3-O-glucoside 520 117.3 n.d.a n.d.a 53.2 n.d.a n.d.a

protocatechic acid 280 7.2 11.3 2.1 2.3 6.1 6.0
epicatechin 280 12.0 15.5 25.5 23.5 15.5 11.2
p-coumaric acid 320 5.3 34.3 n.d.a 29.7 27.0 n.d.a

malvidin 3-O-glucoside 520 464.9 n.d.a n.d.a 178.8 n.d.a n.d.a

gallocatechin gallate 280 3.8 18.39 7.6 4.7 9.7 2.9
quercetin-3-O-

rutinoside
370 9.8 27.3 18.1 27.0 13.6 n.d.a

quercetin 3-O-
galactoside

370 4.4 0.7 1.3 5.8 n.d.a n.d.a

quercetin 3-O-
glucoside

370 3.8 1.3 1.7 17.1 n.d.a n.d.a

catechin gallate 280 0.8 6.3 9.0 5.8 6.8 0.7
luteolin 7-O-glucoside 370 5.9 2.9 1.7 5.1 0.5 1.1
luteolin 7-O-rutinoside 370 4.6 1.7 n.d.a 9.6 0.6 0.7
trans-resveratrol 320 8.4 7.4 15.4 4.7 4.6 1.0
quercetina-3-o-

rhamnoside
370 n.d.a n.d.a n.d.a n.d.a 0.6 n.d.a

ferulic acid 320 1.5 13.8 11.8 5.1 19.6 3.1

a Not detected.

Table 3
Antioxidant activity of the skins, seeds and stems of Touriga Nacional and Preto
Martinho varieties (mean value ± SD, n=3).

Wine varieties ABTSa DPPHb

Touriga Nacional Skins 33.2 ± 2.0 0.73 ± 0.04
Seeds 185.2 ± 5.9 0.09 ± 0.01
Stems 59.0 ± 2.6 0.25 ± 0.01

Preto Martinho Skins 80.6 ± 3.1 0.15 ± 0.01
Seeds 206.3 ± 7.7 0.05 ± 0.002
Stems 97.9 ± 3.8 0.13 ± 0.02

a Expressed in μmol Trolox/g of residue.
b Expressed in effective concentration at which 50% of DPPH radicals are

scavenged (EC50, mg/mL).
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the antioxidant capacity of the skins, seeds and stems extracts of two
grape varieties, Pusa Navarang and Merlot, and found that in both cases
the seeds presented the highest antioxidant activity. However, in Merlot
extracts the stems present a higher antioxidant activity than the skins
whereas the opposite was verified in Pusa Navarang extracts.

3.3. In vitro antimicrobial tests

The antimicrobial activity of skins, seeds and stems extracts was
evaluated using the Kirby-Bauer disc diffusion method. The results for
the minimum inhibitory concentration (MIC) are expressed in Table 4.
All extracts showed antimicrobial activity with clear-cut inhibition
zone. As expected, extracts from different parts of grapes exhibited
different antibacterial effects. Total polyphenols content was directly
proportional to the diameters of the inhibition zones which indicates
that these compounds are responsible for antimicrobial effects. This is
in line with the results obtained in other studies made with polyphenols
extracted from winery by-products (Furiga, Lonvaud-funel, & Badet,
2009; Katalinic et al., 2010). Nevertheless, it is important to notice that,
in this study, unlike most studies, we used antibiotic resistant bacteria
which have several mechanisms that confers them resistance to anti-
biotics and several natural compounds. There was no inhibitory effect
of neither of the extracts on S. enteritidis, E. coli and P. aeruginosa at the
concentrations tested, making K. pneumoniae the only gram-negative
bacteria susceptible to the tested phenolic compounds. In fact, it has
often been reported that polyphenolic extracts are more efficient
against Gram-positive bacteria (Klančnik, Guzej, Kolar, Abramovič, &
Možina, 2009). Gram-negative bacteria have low susceptibility to
polyphenols when compared to Gram-positive bacteria due to the re-
pulsion between these compounds and the lipopolysaccharide present
in the surfaces of gram-negative bacteria (Fattouch et al., 2007). Other
studies have reported inhibitory effect of polyphenols on gram-negative
bacteria, however, the concentrations used were higher than in our
study (Butkhup, Chowtivannakul, Gaensakoo, Prathepha, & Samappito,
2010; Taguri, Tanaka, & Kouno, 2004). Among all bacteria tested, S.
epidermidis was the most susceptible to the assayed polyphenols, fol-
lowed by L. monocytogenes and S. aureus. Similar results have been re-
ported in other studies that found Staphylococcus species to be the most
susceptible bacteria to polyphenols (Szewczyk, Zidorn, Biernasiuk,
Komsta, & Granica, 2016; Xu et al., 2014; Yam, Shah, & Hamilton-
Miller, 2006).

The seeds extracts from both varieties showed the highest anti-
microbial activity, as evidenced by the inhibitory effect on 7 out of the
10 bacterial strains tested. Other studies have exposed that the seeds
are the constituent of the grape with higher antimicrobial effect
(Anastasiadi, Chorianopoulos, Nychas, & Haroutounian, 2009; Nirmala

& Narendhirakannan, 2011). Despite the fact that Preto Martinho seeds
extract did not have inhibitory effect on E. faecium, the seeds extract of
this variety still had a greater antibacterial activity than Touriga Na-
cional since in general it presents lower MICs (Table 4). Vaquero,
Alberto, and de Nadra (2007) tested the antimicrobial activity of sev-
eral non-flavonoid phenolic compounds usually present in wines and
found out that gallic acid and vanillic acid had inhibitory effect on the
growth of E. coli and K. pneumoniae being this effect higher on K.
pneumoniae (Rodríguez Vasquero, Alberto, & Manca de Nadra, 2007).
These findings may explain our results since the seed extract of Touriga
Nacional had higher concentrations of gallic acid and vanillic acid than
Preto Martinho.

The skins extract of Touriga Nacional had a higher antibacterial
effect than the stems extract of the same variety while in Preto
Martinho extracts it was the opposite. Comparing the two varieties,
Preto Martinho skin extracts had lower MICs than Touriga Nacional.
The skins extract of Touriga Nacional was not able to inhibit the growth
of S. aureus and E. faecalis, and Preto Martinho skins extract had no
antimicrobial effect on E. faecium, B. cereus and K. pneumoniae at the
concentrations tested. Nirmala and Narendhirakannan (2011) used
higher concentrations of grape skins extract, in a range of 50–250mg/
mL, in order to get an inhibition zone with the disc-diffusion method for
E. coli, K. pneumoniae, E. faecalis, S. aureus and P. aeruginosa.

Regarding the stem extracts, it has been reported that they have
antimicrobial properties, however, these grape constituents have not
been significantly investigated yet. In this study, the stems extract had
the lowest antibacterial activity with MICs generally superior to the
other extracts for the same bacteria. The Touriga Nacional stems extract
had inhibitory effect on S. epidermidis, S. aureus, E. faecium and L.
monocytogenes while Preto Martinho stems extract inhibit the growth of
S. epidermidis, E. faecalis, E. faecium, L. monocytogenes and K. pneumo-
niae. L. monocytogenes, a pathogenic bacteria frequently associated to
foodborne diseases, was inhibited by stems extracts of both grape
varieties and the MIC of Touriga Nacional stems extract was the lowest
of all bacteria inhibited by this extract. The antilisterial activity of red
grapes stems have been reported before (Anastasiadi et al., 2009;
Martin et al., 2012). Although in different concentrations, all the tested
extracts were able to inhibit the growth of L. monocytogenes, thus
highlighting the potential of these extracts as food preservatives.

In general, the polyphenols extracted from wine by-products of
Touriga Nacional and Preto Martinho varieties exhibited a good anti-
bacterial activity against several pathogenic bacteria resistant to anti-
biotics, presenting better results when compared, for instance, with
those reported for other Vitis species grapes, such as muscadine grapes
(Vitis rotundifolia) (Xu et al., 2014). The MIC of extracts obtained from
muscadine grapes pomace were in general much higher (E. coli,
MIC=450–1519mg/L; S. aureus, MIC=67–152mg/L) than the ones
obtained in the present study for Vitis vinifera grape varieties. The an-
tibacterial activity of each extract is possibly due to the presence of
different phenolic compounds which may have synergetic effect be-
tween them. Nevertheless, the structural chemistry of each polyphenol
may also be responsible for the antimicrobial activity. Some authors
have reported that the degree of polymerization and the number of
hydroxyl groups might dictate the inhibitory effect of each phenolic
compound (Taguri et al., 2004; Tesaki et al., 1999). Furthermore, the
antimicrobial capacity of phenolic compounds could also be explained
by adsorption to cell membranes, interaction with enzymes, substrate
and metal ion deprivation (Scalbert, 1991).

4. Conclusions

Winery by-products are a great and cheap source of polyphenols,
with both varieties investigated exhibiting high content of polyphenols.
Nevertheless, Preto Martinho had greater polyphenolic, anthocyanin
and tannin content than Touriga Nacional. As far as we know, the
phenolic profile of Preto Martinho variety is reported for the first time.

Table 4
Minimum inhibitory concentration of grape skins, stems and seeds extracts of
two Portuguese varieties.

MIC (μg/mL)

Touriga Nacional Preto Martinho

Skins Stems Seeds Skins Stems Seeds

Gram-positive
S. epidermidis 10 75 10 10 25 25
S. aureus – 100 50 75 – 10
E. faecalis – – 50 25 50 10
E. faecium 100 100 100 – 100 –
L. monocytogenes 50 50 100 50 50 10
B. cereus 100 – 10 – – 50
Gram-negative
K. pneumoniae 100 – 50 – 75 100
E. coli – – – – – –
P. aeruginosa – – – – – –
S. entereditis – – – – – –
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Grape seeds of both varieties were the richest in both total and in-
dividual phenolic content among the grape components studied and
had the highest antioxidant capacity, consequently, it could be further
evaluated as dietary supplements. The seeds extracts also had the
greatest antibacterial activity and their high content in catechin, epi-
catechin and trans-resveratrol may be responsible for this effect. All
gram-positive bacteria showed susceptibility to polyphenols extracted
from winery by-products. From the gram-negative bacteria tested only
K. pneumoniae showed susceptibility to the seeds extracts.

Natural compounds, such as polyphenols, act as antibacterial agents
which may become useful therapeutic tools. However, these products
alone might not substitute antibiotics, but rather to potentiate the effect
of the antibiotic when used together. The extracts were also effective
against foodborne bacteria which shows that polyphenols may have
potential usefulness as food preservers. The skins, seeds and stems ex-
tracts had a very high number of different phenolic compounds.
Therefore, in order to determine which polyphenol had inhibitory or
the greater inhibitory effect, more studies will be carried out regarding
the effect of each isolated polyphenol on resistant bacteria.
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