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• Phenolic, antioxidant and biological ac-
tivities of vine shoots were examined.

• Subcritical-water, microwave-assisted
and conventional extractions were
employed.

• Tinta Roriz has higher phenolic and anti-
oxidant activity than Touriga Nacional.

• The tested vine shoot extracts inhibited
α-amylase and acetylcholinesterase en-
zymes.

• Vine shoot extracts had activity against
S. mitis, E. coli and C. albicans.
Abbreviations: AA, ascorbic acid; AAPH, 2,2′-azobis-2-
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HPLC-PDA, high performance liquid chromatography with
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Since annually a high amount of wastes is produced in vine pruning, the aim of this studywas to evaluate the po-
tential of vine shoots from two Portuguese grape varieties (Touriga Nacional - TN and Tinta Roriz - TR) to be used
as a natural source of phenolic compounds. To reach this goal, three techniques were explored, namely
microwave-assisted extraction (MAE), subcritical water extraction (SWE) and conventional extraction (CE).
The phenolic composition of the extracts, antioxidant and biological activitieswere evaluated by spectrophotom-
etry and chromatography. MAE and SWE produced the highest concentrated extracts. TR vine shoot variety had
the highest antioxidant activity and total phenolic (32.1± 0.9mg gallic acid equivalents/g dry sample), aswell as
flavonoid content (18.7 ± 1.2mg epicatechin equivalents/g dry sample). For the first time, the biological activity
of the vine shoot extracts was tested. Results demonstrated that all of them had antimicrobial potential against
different bacteria and yeasts, and the ability of inhibiting α-amylase and acetylcholinesterase enzymes, with
MAE TR extracts being the most efficient. HPLC analysis enabled the identification of different phenolic
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compounds, with gallic acid, catechin, myricetin and kaempferol-3-O-rutinoside being the main contributors to
the phenolic composition. Portuguese vine shoot wastes could serve as easily accessible source of natural antiox-
idants for the food or pharmaceutical industries.

© 2018 Elsevier B.V. All rights reserved.
Bioactive compounds
Antimicrobial activity
1. Introduction

One of the most important economic activities in Portugal is the
cultivation of Vitis (Vitaceae) grape varieties. According to the Interna-
tional Organization of Vine and Wine, in 2014 the Portuguese
vitiviniculture area cultivated was 221,448 ha and the grape production
was 8,185,120 tons (Wine, 2017). During the harvest season, this wine-
producing results in a huge amount of vineyard wastes, especially vine
shoots, which could be re-used in valued added applications, as their
present economic value is nearly nule (Delgado de la Torre et al.,
2012; Gullón et al., 2018; Hagemann et al., 2018; Sánchez-Gómez
et al., 2016). Currently, they are incorporated in the soil, which enables
the biodegradation of the vegetal matter reducing the need for applica-
tion of organic correctives and/or fertilizers (Hagemann et al., 2018).
However, using this waste as a natural resource of bioactive compounds
could increase its economic value (Delgado-Torre et al., 2012;
Karacabey et al., 2012; Sánchez-Gómez et al., 2014; Teixeira et al.,
2014).

Vine shoots have been shown to be a rich source of bioactive com-
pounds, including phenolic compounds, which content depends on sev-
eral factors such as grapevine variety, age, growth conditions, among
others (Figueiredo-González et al., 2012a; Gullón et al., 2018; Luque-
Rodríguez et al., 2006; Pérez-Lamela et al., 2007; Rajha et al., 2014c).
Additionally, experimental conditions, such as temperature, time, and
solvent composition, also affect the yield of phenolic compounds recov-
ered (Figueiredo-González et al., 2013; Figueiredo-González et al.,
2012b; Figueiredo-González et al., 2012c; Karacabey and Mazza, 2010;
Karacabey et al., 2012).

Luque-Rodríguez et al. (2006) were the pioneers to investigate the
extraction of polyphenols from vine shoots of Vitis vinifera by super-
heated ethanol-water mixtures. Although, as can be seen from the anal-
ysis of Table 1, which summarizes the collected data from the literature
regarding the phenolic compounds extraction from vine shoots, only in
the last 7 years higher efforts have beenmade in the exploitation of this
vineyard waste as a potential source of phenolic compounds. The
majority of the reported studies uses aqueous ethanol for phenolics ex-
traction from vine byproducts (Alexandru et al., 2014; Çetin et al., 2011;
Delgado-Torre et al., 2012; Farhadi et al., 2016; Ju et al., 2016; Karacabey
et al., 2012; Luque-Rodríguez et al., 2006). In some cases (Rajha et al.,
2015a; Sánchez-Gómez et al., 2014; Sánchez-Gómez et al., 2016),
water was employed as extracting solvent, but the total phenolic con-
tent (TPC) reported was lower than the obtained employing mixtures
with organic solvents (Delgado-Torre et al., 2012; Rajha et al., 2015a;
Sánchez-Gómez et al., 2014).

Regarding the extraction techniques employed, conventional extrac-
tion (CE) is the preferred method for the recovery of polyphenols from
vine wastes (Alexandru et al., 2014; Çetin et al., 2011; Gullón et al.,
2017; Ju et al., 2016; Karacabey and Mazza, 2010; Rajha et al., 2015b;
Sánchez-Gómez et al., 2014). Recently, the use of auxiliary energies,
such asmicrowaves and ultrasound, has enhanced the extraction process,
as well as the yield of recovered compounds (Alexandru et al., 2014;
Delgado-Torre et al., 2012; Farhadi et al., 2016; Sánchez-Gómez et al.,
2014). Despite of being under exploitation, another environmental-
friendly extraction technique that is gaining considerable attention for
polyphenols recovery is subcritical water extraction (SWE) (Aliakbarian
et al., 2012; Plaza et al., 2010). As far as we know, only one study has
been conducted using a pressurized low-polarity water extractor to re-
cover trans-resveratrol and trans-ε-viniferin compounds from vine shoot
wastes (Karacabey et al., 2012).
This study represents the first attempt to characterize the phenolic
profile and antioxidant activity, as well as the biological activities from
two important Portuguese vine shoot varieties (Touriga Nacional, TN
and Tinta Roriz, TR) from Dão region (North Center of Portugal) for the
potential utilization of these wastes as a source of natural bioactive
compounds. For that, the efficiency of three extraction techniques
(SWE, microwave-assisted extraction (MAE), and CE) for the recovery
of bioactive compounds from vine shoots was evaluated. The obtained
vine shoot extracts were characterized in terms of total phenolic and
flavonoid content, and antioxidant activity by Ferric Reducing Activity
Power (FRAP), 2,2-diphenyl-picrylhydrazyl radical scavenging activity
(DPPH-RSA) and anti-hemolytic assays. The α-amylase and acetylcho-
linesterase inhibition and the antimicrobial activities, as well as the
phenolic profile by high-performance liquid chromatography (HPLC)
analysis were also determined.
2. Materials and methods

2.1. Chemicals

Sodium carbonate (≥99%), Folin's phenol reagent, and gallic acid
(GA, ≥98%) were used in the Folin-Ciocalteu assay and were obtained
from Sigma-Aldrich (Madrid, Spain). DPPH radical, TPTZ (2,4,6-Tris(2-
pyridyl)-s-triazine, 99%), aluminium chloride hexahydrate (99%) and
6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox,
98%) were also from Sigma. Absolute anhydrous ethanol (p.a.), sodium
nitrite (≥97%) and ascorbic acid (AA, 99.7%) were acquired from Carlo
Erba (Peypin, France), Merck and Riedel-de Haën, respectively. Metha-
nol and formic acid for HPLC analysis were gradient grade and got
from Merck (Darmstadt, Germany). Phenolic compound standards
were bought to Sigma-Aldrich (Madrid, Spain). Other chemicals were
from Sigma (Madrid, Spain) and analytical grade.
2.2. Samples collection and preparation

Vine shoots from two different V. vinifera varieties (TN and TR) were
kindly provided by Sogrape Vinhos, S. A. (Portugal). Vine shoots were
sampled in Quinta dos Carvalhais, located in Mangualde (North of
Portugal), in November of 2015 by randomized selection. The moisture
content of each vine shoot variety was determined using a Moisture
Analyser (Kern MLS 50-3IR160) and was 13.4 ± 0.7 and 12.8 ± 0.9%
for TN and TR, respectively. After oven-drying (Model no. 2000208, J.P.
Selecta, Barcelona, Spain) the vine shoots at 50 °C for 24 h, they were
milled (Retsch ZM200) to a particle size smaller than 1 mm and stored
in sealed bags at room temperature until use.
2.3. Extraction of phenolic compounds

2.3.1. Microwave-assisted extraction
MAE was carried out in a MARS-X 1500 W (Microwave Accelerated

Reaction System for Extraction and Digestion, CEM, Mathews, NC, USA)
using the conditions previously optimized by Moreira et al. (2017).
Milled dried vine shoots (0.1 g) were extracted with 20 mL ethanol:
water 60:40 v/v during 20 min at 100 °C. The obtained extract was
centrifugated (Heraeus™Megafuge™ 16RCentrifuge, Thermo Scientific)
for 10 min at 4000 rpm, and the supernatant was stored at−20 °C until
further analysis.



Table 1
Summary of the published reports on the extraction of phenolic compounds from vine shoot wastes.

Vine shoot variety Extraction technique and conditions Assay Units Reference

Manzanares (Ciudad Real,
Spain)

SHLEa: 1 g, ethanol:water 80:20 v/v at pH 3, 60 min, 240 °C,
100 bar

TPCc: 38 mg GAEd/g
DWe

Luque-Rodríguez
et al. (2006)

CEb: 3 g, 45 mL ethanol:water 80:20 v/v at pH 3, 24 h, 25 °C TPC: 7
Pinot noir V. vinifera CE: 1 g, 70 mL of aqueous ethanol 58%, 83.6 °C TPC: 8.91 mg

resveratrol/g
DW

Karacabey and
Mazza (2010)

Locally collected in Spain Alkaline hydrolysis: 12% NaOH, 120 min, 130 °C TPC: 4524.5 mg/L Max et al. (2010)
10 different vineyards from
Süleyman Demirel University
(Isparta, Turkey)

CE: 0.5 g, 10 mL of ethanol:water 60:40 v/v, 30 min, 80 °C
with gentle stirring

TPC: 25.36 ± 1.62 to 36.56 ± 2.67 mg GAE/g
DW

Çetin et al.
(2011)

18 different vineyard cultivars
from Sierra de Segura (Spain)

SHLE: 1 g, ethanol:water 80:20 v/v at pH 3, 60 min, 180 °C TPC: 650.4 mg GAE/mL
extract

Delgado-Torre
et al. (2012)

HPLCf: pyrogallol (6756), catechin (3936),
sinapic acid (1155)

mg/g DW

MAEg: 1 g, 20 mL ethanol:water 80:20 v/v at pH 3, 5 min,
140 W

TPC: 401.4 mg GAE/mL
extract

UAEh: 1 g, 20 mL ethanol:water 80:20 v/v at pH 3, 7.5 min
with 50% duty cycle, 280 W

TPC: 546.4

Pinot noir V. vinifera Pressurized low-polarity water: 10 g, water at 105 °C,
1 mL/min,

TPC: 4.97 ± 0.74 mg/g DW Karacabey et al.
(2012)

Nebbiolo (Castiglione Falletto,
Cueno, Italy)

CE: sample/solvent ratio 1:10 (w/v), ethanol, 24 h, RTi b50 mg GAE/g
DW

Alexandru et al.
(2014)MAE: sample/solvent ratio 1:10 (w/v), ethanol, 30 min,

60 °C, 1.5 kW, nitrogen pressure 5 bar
~200

UAE: sample/solvent ratio 1:10 (w/v), ethanol, 30min, 80W ~100
Syrah, Lebanon CE: 5 g, 50 mL of 1 mol/L NaOH, 180 min, RT 5.02 mg GAE/g

DW
Rajha et al.
(2014a)

Grenache Blanc (France) Alkaline hydrolysis: 15 g pre-treated with HVEDj, 300 g of
0.1 mol/L aqueous NaOH, 180 min, 50 °C, agitation speed
160 rpm

34.5 mg GAE/g
DW

Rajha et al.
(2014b)

Airén white V. vinifera
(Mancha, Castilla-La Mancha
Spanish region)

CE: 50 g, 250 mL water, 60 min, 100 °C HPLC: flavanols (550.81 ± 3.46), phenolic
acids (130.61 ± 0.34), stilbenes
(32.06 ± 3.93), others (22.11 ± 0.32)

mg/kg DW Sánchez-Gómez
et al. (2014)

SLDEk: 200 g, 1.1 L water, 20 extractive cycles of 12 min,
27 °C, 8 bar

HPLC: flavanols (139.39 ± 2.61), phenolic
acids (111.10 ± 1.05), stilbenes (1.90 ± 0.10),
others (33.57 ± 0.09)

MAE: 50 g, 250 mL water, 15 min, 100 °C, 600 W Not reported –
PSEl: 20 g, 100 mL water, 30 min, 100 °C, 100 bar

Syrah, Tempranillo, Cabernet
Sauvignon, and Cabernet Franc

CE: sample/solvent ratio 1:20 (w/v), 37.7 mg/mL
aqueous β-cyclodextrin solvent, 48 h, 66.6 °C

5.8–7.5 mg GAE/g
DW

Rajha et al.
(2015b)

Grenache Blanc (France) CE: 15 g pre-treated with HVED +300 g water, 50 °C,
160 rpm

12 to 50 mg/L Rajha et al.
(2015a)

Hosseini, Ghara Shira, Agh
Shani, Ghara Shani

and Ghara Ghandome from
West Azerbaijan

Ultrasonication: 1.0 g, 5 mL methanol/HCl 99/1 (v/v), 20
min, 25 °C at constant frequency of 35 kHz (350 W), and
then left at RT for 30 min

~200 mg GAE/g
DW

Farhadi et al.
(2016)

Different varieties (copy from
the article)

CE: 100 g, 1000 mL of 1 mol/L HCl/methanol/water
(1:80:19, v/v/v), 20 min, 4 °C, 12000 rpm

52.5 ± 1.5 to 225 ± 7 mg GAE/g
DW

Ju et al. (2016)

Airén and Moscatel (O.D.
Mancha, Castilla-La Mancha
Spanish region)

CE: 50 g, 250 mL water, 60 min, 100 °C HPLC: flavanols (204.66 ± 18.39), phenolic
acids (100.51 ± 2.06), stilbenes (0.97 ± 0.05),
others (23.21 ± 0.66)

mg/kg DW Sánchez-Gómez
et al. (2016)

Hondarribi Zuri V. vinifera from
Hoiarztun, Guipúzcoa,
Basque Country, Spain

CE: autohydrolisis pre-treatment with water at 215 °C +
ethyl acetate extraction, 15 min, RT, stirring

TPC: 16.20 ± 0.25 mg GAE/g
DW

Gullón et al.
(2017)

a SHLE: superheated liquid extraction.
b CE: conventional extraction.
c TPC: total phenolic content.
d GAE: gallic acid equivalents.
e DW: dry weight.
f HPLC: high performance liquid chromatography.
g MAE: microwave-assisted extractin.
h UAE: ultrasound assisted extraction.
i RT: room temperature.
j HVED: high-voltage electrical discharge.
k SLDE: solid liquid dynamic extraction.
l PSE: pressurize solvent extraction.
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2.3.2. Subcritical-water extraction
SWE was performed in a house-made batch-type extractor of the

total capacity of 1.7 L as previously described by Švarc-Gajić et al.
(2017). To avoid oxidation of phenolic compounds at high temperatures
pressurization was done with 99.99% nitrogen (Messer) through built-
in valve. The batch type extractor was equipped with vibrational
platform that allowed convective mass transfer during extraction and
variable vibration frequencies. 5 g of dried vine shoots was extracted
with 200 mL of water at 150 °C for 40 min at a constant pressure of
40 bars. During extraction, agitation was assured with the frequency
of the vibrational platform of 3 Hz. After extraction, cooling of the ex-
traction vessel was done by placing it in the flow-through water bath
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at the temperature of 20 °C. After cooling, depressurizationwas done by
valve opening. Obtained extractswere separated byfiltration and stored
until analysis.

2.3.3. Conventional extraction
0.5 g of dried vine shoots were extracted with 20.0 mL of ethanol:

water 50:50 v/v in glass Erlenmeyer flasks for 2 h at 55 °C in a water
bath shaker (model BSC127E, C from OVAN) at 100 rpm as described
byMoreira et al. (2017). During the extraction to avoid solvent evapora-
tion and phenolic compounds degradation by light, the glass flaskswere
closed and covered with aluminium foil. Prior to analysis, the extraction
mixture was centrifugated.

2.4. Determination of total phenolic and flavonoid content

Phenolic and flavonoid content were assessed by the spectrophoto-
metric assays using the Folin-Ciocalteau reagent and aluminium chlo-
ride, respectively (Paz et al., 2015). Results were expressed as mg of
gallic acid equivalents (GAE) per g of dry weight of sample (mg GAE/g
DW) and mg of epicatechin equivalents per g dry weight of sample
(mg EE/g DW) for TPC and TFC assays, respectively. Each extractwas an-
alyzed in triplicate.

2.5. High performance liquid chromatographic analysis

Polyphenol characterization and quantification in vine shoot ex-
tracts were performed by HPLCwith photodiode array (PDA) detection.
Before injection, 1 mL from the obtained vine shoot extracts was evap-
orated to dryness, resuspended in 100 μL of methanol:0.1% formic acid
(50:50, v/v), vortexed and filtered through a 0.22 μm PTFE filter. HPLC
analyses were performed with a Shimadzu HPLC system equipped
with a Phenomenex Gemini C18 column (250 mm × 4.6 mm, 5 μm),
using the method described by Moreira et al. (2017). Methanol
(A) and water (B) both with 0.1% formic acid were used as mobile
phase at a flow rate of 1.0 mL/min and UV spectra was recorded in a
range of 190 to 600 nm. For the quantification of polyphenols, different
concentrations (1 to 200 mg/L) of each standard were prepared in a
mixture of methanol:water (50/50, v/v) from the respective stock solu-
tion. The amount of individual phenolic compounds found in each ex-
tract, resulting from triplicate injections, was expressed as mg/100 g
of DW.

2.6. Antioxidant activity

2.6.1. FRAP and DPPH-RSA assays
The antioxidant activity of the investigated vine shoots was evalu-

ated by the FRAP and by the DPPH-RSA assays as previously described
(Paz et al., 2015).

In the FRAP assay, 180 μL of the FRAP reagent (10 mL of 300mmol/L
acetate buffer (pH 3.6), 1 mL of 10 mmol/L TPTZ in 40 mmol/L HCl, and
1 mL of 20 mmol/L FeCl3) diluted to one-third with acetate buffer was
added to eachwell, with 20 μL of sample. The absorbancewasmeasured
at 593 nm and 37 °C, and the calibration curve was prepared with AA.
The results were expressed as mg AA equivalents per g of dry weight
(mg AAE/g DW) of sample.

For DPPH-RSA of the vine shoots, 25 μL of sample was mixed with
200 μL of DPPH• ethanolic solution (0.04 mg/mL). The mixture was left
to stand for 30 min in the dark and the absorbance was measured at
517 nm. The calibration curve was preparedwith Trolox and the results
were expressed as mg Trolox equivalents per g of dry weight (mg TE/g
DW) of sample. Each extract was analyzed in triplicate.

2.6.2. Protective effect on AAPH-induced hemolysis

2.6.2.1. Preparation of erythrocyte suspensions. Peripheral blood was col-
lected from five randomly chosen sheep allocated at the School of
Agriculture of the Polytechnic Institute of Bragança. All the assays
were carried out through the EU Directive 2010/63/EU (European
Union, 2010) to protect the animals used for experimental and scientific
purposes. Sheep were carefully examined to exclude the presence of
any signs of disease. Tubes with sodium citrate were filled with the
blood, centrifuged for 10 min at 700 ×g, and the plasma and leukocyte
film were rejected. A sodium chloride (NaCl) solution of 0.9% was
used to wash three times the erythrocytes, and a 10% erythrocyte sus-
pension was used for the inhibition assays of oxidative hemolysis per-
formed following the described by Campos et al. (2016).

2.6.2.2. Inhibition of oxidative hemolysis. In order to evaluate the protec-
tive effect of vine shoot extracts against 2,2′-azobis-2-amidinopropane
(AAPH)-induced hemolysis, the erythrocyte suspension was pre-
incubated at 37 °C for 30min in the presence of different concentrations
of extract, ranging from 10 to 60 μg extract/mL. Afterwards, 50 mM
AAPH aqueous solution was added to the vine shoot extracts subjected
to hemolysis induction. This mixture was shaken gently during incuba-
tion at 37 °C for 4 h. A negative control (erythrocytes in a phosphate
buffered saline (PBS) of 150 mmol/L NaCl, 1.9 mmol/L NaH2PO4,
8.1 mmol/L Na2HPO4, pH 7.4) and extract controls (erythrocytes in
PBS with each vine shoot extract) were used for comparison in all ex-
periments. The inhibition of oxidative hemolysis was accessed by a col-
orimetric assay as described by Valente et al. (2011). For that, at every
hour an aliquot of the reactionmixturewas dilutedwith 0.9%NaCl solu-
tion and centrifuged for 10min at 700×g, enabling the separation of the
erythrocytes. The hemolysis percentage was determined with the for-
mula A/B × 100, being A the absorbance of the sample at 545 nm and
B the absorbance of the distilled water after the complete hemolysis.
The half maximal inhibitory concentration (IC50) after 3 h was deter-
mined from the plot of hemolysis percentage against the concentration
of vine shoot extract. Assays were performed in triplicate, and AA was
used as the control.

2.7. Acetylcholinesterase inhibition assay

Inhibition of acetylcholinesterasewas evaluated spectrophotometri-
cally following themethod developed by Ellman et al. (1961)with slight
modifications (Sukumaran et al., 2016). Acetylcholinesterase of Elec-
trophorus electricus (electric eel Type-VI-S, Sigma Chemical Co, St. St.
Louis, MO, USA)was used as substrate. The acetylcholinesterase activity
was quantified using 15 mM 5,5′-dithiobis-(2-nitrobenzoic acid)
(DTNB, Sigma Chemical Co, St. St. Louis,MO, USA). The hydrolysis of ace-
tylcholine iodide was monitored though the formation of the anion 5-
tio-2-methyl nitrobenzoate (with yellow color) at 412 nm for 15 min
that results from the reaction of DTNB with thiocholines. The inhibition
percentage was determined by comparing the rates of reaction of vine
shoot extracts (final concentrations of 1.5, 10, 50, 250, 500, 750 and
1000 μg/mL) with those of the blank (ethanol in phosphate buffer
0.2 M, pH = 8) through the expression (E − S) / E × 100, where E is
the enzyme activity without the extract and S is the enzyme activity of
vine shoot extract. IC50 values were estimated from the graphic of inhi-
bition percentage versus vine shoot extract concentration. Assays were
performed in triplicate, and eserine was used as the control.

2.8. α-Amylase inhibition assay

Evaluation of α-amylase inhibition was performed as reported by
Thilagam et al. (2013). Starch azure (Sigma Chemical Co, St. St. Louis,
MO, USA) was used as substrate and 2 mg were dissolved in buffer
Tris 50 mM-HCl (Merck, Darmstadt, Germany) (pH 6.9) containing
10 mM CaCl2 (Merck, Darmstadt, Germany). The mixture was then
boiled at 100 °C during 5 min and incubated at 37 °C for 10 min. The
vine shoot extracts were then dissolved in DMSO (50%) at final concen-
trations of 10, 50, 250, 500, 750, 1000 and 1250 μg/mL and 0.1 mL of α-
amylase from pig (Sigma, A-6255; 2.0 U/mL; 50 mM Tri-HCl buffer
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containing 10mMCaCl2, pH6.9)was added. Themixturewas incubated
at 37 °C for 10 min and the reaction was stopped by adding 0.5 mL of
50% acetic acid. Afterwards, this mixture was centrifuged (5 min,
2000 rpm), and the supernatant absorbance was measured at 595 nm.
α-Amylase inhibition percentage was estimated from the expression:
100− ((B− b) / (A− a)) × 100 where A is the activity without inhib-
itor, a represents the negative control without inhibitor, B is the activity
with inhibitor and b is the negative control with inhibitor. The extract
concentration providing 50% inhibition (IC50) was calculated by inter-
polation from the graph ofα-amylase inhibition percentage against ex-
tract concentration. All the reactions were performed in triplicate, and
acarbose was used as positive control.
2.9. Antimicrobial activity

The minimum inhibitory concentration (MIC) is defined as the low-
est concentration of extract necessary to inhibit microbial growth. The
lowest extract concentration at which reduction of initial bacterial or
fungal count was 99.9% was considered to be minimum lethal concen-
tration (MLC). MIC and MLC of vine shoot extracts, as well as the con-
trols, gentamicin (antibiotic) and amphotericin B (antifungal) were
determined against Gram-negative bacteria (Escherichia coli ATCC
29998™ and Escherichia coli ESA37 Cephalosporins-resistant), Gram-
positive bacteria (Streptococcus mitis ATCC® 49456D5™ and β-Lactam
Resistance Streptococcus mitis ESA65), and the yeasts Candida albicans
ATCC 10231™ and amphotericin B-resistant C. albicans ESA 100. All mi-
croorganisms used were certified by the American Type Culture Collec-
tion (ATCC) and the Agricultural School (Escola Superior Agrária, ESA)
of Bragança, Portugal.

The in vitro antimicrobial activity was evaluated through broth
microdilution assay in 96multi-well microtiter plates, as recommended
by the Clinical and Laboratory Standards Institute (CLSI) Guidelines
(Institute, C. A. L. S, 2012, Institute, 2014). Cell mass was properly di-
luted with 0.85% NaCl solution to reach 0.5 on the MacFarland scale,
which was checked at 580 nm for bacteria and 640 nm for yeast. The
broths used were Muller-Hinton broth for bacteria or Yeasts Peptone
Dextrose broth for yeast. The extracts were dissolved in dimethyl sulf-
oxide (DMSO, 10%) to a final concentration of 50 mg/mL. Samples di-
luted with broth to reach a concentration ranging from 5 to 30 mg/mL
were analyzed individually with the strains.

To all wells from the plates it was added the cell mass previously
prepared (106 Colony Forming Units (CFU)/mL) and incubated at 37
°C for 24 h and at 25 °C for 48 h for bacteria and yeast, respectively.
Then, the antimicrobial activity was determined by the addition of 20
μL of 2,3,5-triphenyl-2H-tetrazoliumchloride (TTC, 5 mg/mL) solution.
The antibacterial and antifungal controls used were gentamicin and
amphotericin, respectively. In each assay, a negative control (containing
only broth), a positive control (inoculated broth) and a DMSO control
(DMSO with inoculated broth) were also employed.

To determine the MLC, 20 μL of the last well where growth was ob-
served and from the well where no color changes were noticed were
mixed in broth and then incubated. The MLCwas the lowest concentra-
tion that did not result in growth (b10 CFU/plate) after this process. All
the assays were performed in triplicate and results were expressed in
mg/mL.
2.10. Statistical analysis

Statistical comparisons were made using the nonparametric
Kruskal-Wallis one-way ANOVA (k samples) (IBM SPSS Statistics 20)
to detect differences between the extraction techniques or vine shoot
varieties in terms of TPC, TFC, FRAP and DPPH-RSA assays. In the biolog-
ical activity assays, comparisons were made by one-way ANOVA
followed by Tukey test. Statistical significance was defined as p b 0.05.
3. Results and discussion

3.1. Total phenolic and flavonoid content

The TPC and the TFC of Portuguese vine shoot extracts from Dão re-
gion (North Center of Portugal) obtained using the three different ex-
traction techniques, namely MAE, SWE and CE, are shown in Fig. 1. For
both vine shoot varieties, highest significant TPC values were obtained
with the more environmental-friendly extraction techniques, MAE
(21.2 ± 1.0 and 32.1 ± 0.9 mg GAE/g DW for TN and TR varieties, re-
spectively) and SWE (22.5 ± 1.8 and 31.9 ± 1.6 mg GAE/g DW for TN
and TR varieties, respectively). Similarly, for TFC, the maximum yield
was achieved in SWE, namely in the vine shoot extract from TR (18.7
± 1.2 mg EE/g DW). These differences within the tested techniques
could be related with the principle behind each extraction employed.
In the present study, SWE was used to take advantage from water
properties in superheated state, while with MAE benefits arise from
the assistance of auxiliary energy to enhance the leaching process
(Karacabey et al., 2012; Teixeira et al., 2014). Compared to the CE,
these novel and green extraction techniques have the advantage of bro-
ken more easily the cellular structure of samples containing phenolic
compounds releasing these compounds to the extracellular medium
and dissolving them in the used solvents (Teixeira et al., 2014). There-
fore, itwas expected thatMAE and SWE extracts promoted higher levels
of phenolic and flavonoid compounds compared to the CE extracts. Ac-
cording to our knowledge, only two reports concerning the comparison
of modern techniques with CE for polyphenols recovery from vine
shoots were found (Alexandru et al., 2014; Luque-Rodríguez et al.,
2006). Luque-Rodríguez et al. (2006) compared the efficiency of super-
heated ethanol-water mixtures with CE, reporting a 5-fold increase in
the TPC of vine shoot fromManzanares (Ciudad Real, Spain). In another
study, Alexandru et al. (2014) also described that the use of non-
conventional methods, namely ultrasound assisted extraction (UAE)
and MAE, enabled to obtain at least 2-fold more polyphenols than CE.

Concerning the differences between the samples (Fig. 1), vine shoot
from TR variety has at least 1.5-fold more polyphenols than TN. For TFC,
significant differences (p b 0.05) between the two varieties studied
were also achieved, although TN was richer in flavonoids than TR vari-
ety. To the best of our knowledge, no studies were found for these
vine shoot varieties, although some authors have investigated these
grape and wines varieties (Jordão and Correia, 2012; Silva and
Queiroz, 2016). Jordão andCorreia (2012) characterized the relationship
between antioxidant capacity and anthocyanin and proanthocyanidin
content of seeds and skins from these two Portuguese red grape varie-
ties (TN and TR). Despite of the products studied being different, the re-
sults obtained for TPC agreed with ours, with TR variety presenting
higher amount than TN (60.7 and 45.4 mg/L, respectively), while the
highest anthocyanin content, a class of phenolic compounds belonging
to the flavonoid family, was also reported for TN (112.5 mg/100 g
berry). Silva and Queiroz (2016) also evaluated the phenolic profile
from five red grapes from Dão region, including the TN and TR varieties.
Their results showed that TN has 2 times more flavonoids, namely an-
thocyanins, than TR variety (5336.3 and 2603.0 mg/kg of lyophilized
sample, respectively), which is also in accordance with our findings. De-
spite the reported results being from grapes, their content may be a re-
sult of the nutrients and bioactive compounds absorbed from the vine
shoots. Therefore, it's not surprising that the present results are in accor-
dance with the obtained by these authors (Jordão and Correia, 2012,
Silva and Queiroz, 2016). As TN and TR vineyards pruning wastes pre-
sented identical climatic and geographical factors, viticultural character-
istics andemployed the same cultivation techniques, it can be concluded
that any differences between the TPC and TFC may be attributed to the
vine shoot variety studied.

The findings on TPC detected by the Folin-Ciocalteu assay in the an-
alyzed extracts should be carefully compared with the data available in
the literature, bearing in mind the differences between the vine shoot



Fig. 1. (A) Total phenolic content (TPC, results expressed inmg gallic acid equivalents/g dryweight) and (B) totalflavonoid content (TFC, results expressed inmgepicatechin equivalents/g
dry weight) of Portuguese vine shoot extracts from Touriga Nacional and Tinta Roriz varieties obtained by conventional extraction (CE), microwave-assisted extraction (MAE) and
subcritical water extraction (SWE). Results are expressed as mean ± standard deviation; for each assay (TPC and TFC), the same letter in a plot indicates that the given means are not
statistically significant (p N 0.05).

836 M.M. Moreira et al. / Science of the Total Environment 634 (2018) 831–842
varieties and in the experimental conditions. As it can be seen in Table 1,
different amounts of phenolic compounds can be extracted from vine
shoot from different varieties with similar extraction techniques. In
fact, the collected data (Table 1) enable to conclude that the most im-
portant factor in the recovery of phenolic compounds is the character-
ized vine shoot variety. In a previous study, Çetin et al. (2011)
investigated the chemical composition of vine shoots from ten different
cultivars from the experimental vineyard of Süleyman Demirel Univer-
sity (Isparta, Turkey) after applying a CE very similar to the one applied
in the present study (CE conditions: 0.5 g sample, 10 mL of 60:40 etha-
nol:water, 30min at 80 °Cwith stirring). The reported TPC ranged from
25.36± 1.62 to 36.56± 2.67mg GAE/g DW, also demonstrating the in-
fluence of vine shoot variety in the amount of extracted phenolic com-
pounds. Recently, Rajha and co-workers have focused their effort on
the search of green extraction techniques for the recovery of phenolic
compounds fromvine shootwastes (Rajha et al., 2014a, b, 2015a, b). Ac-
cording to their published studies, a significant enhancement of poly-
phenol extraction was reported for vine shoots pre-treated with high-
voltage electrical discharge, before applying the alkaline hydrolysis
(TPC: 34.5 mg GAE/g DW) (Rajha et al., 2014b). Although the proposed
methodology demonstrated the advantage of a pre-treatment with
electrical discharges for the extraction of polyphenols, the obtained
TPC was in agreement with the values reported in the present study
with the environmental-friendly extraction techniques, MAE and SWE,
which are less time and energy consuming than the extraction method
proposed by Rajha et al. (2014b).

3.2. Identification of individual phenolic compounds by HPLC-PDA

The identification and quantification of phenolic compounds in vine
shoot extracts obtained by the three tested extraction techniques were
determined by HPLC-PDA and data are presented in Table 2.

One of themost characteristic phenolic acids found in the vine shoot
extracts from both studied varieties was GA, a product from the hydro-
lysis of ellagitannins, which contributes to the characteristic astringency
of wines (Delgado-Torre et al., 2012; Quijada-Morín et al., 2012;
Sánchez-Gómez et al., 2014). GA content ranged from 4.5 ± 0.2 (CE)
to 589± 29 (SWE)mg/100 g DW for TN extracts. The obtained concen-
trations were in agreement with the reported levels for similar extrac-
tion techniques (Farhadi et al., 2016; Ju et al., 2016). From the present
results, the GA content recovered by SWE should be highlighted since
it corresponds to 47 and 75% of the total amount of phenolic acids quan-
tified in TR and TNextracts, respectively (Table 2). Catechinwas another
flavanol compound found in significant amount in vine shoot, especially
in SWE extracts (542± 27 to 592± 30mg/100 g DW for TN and TR ex-
tracts, respectively). The previous results demonstrated the potential of
using SWE for the recovery of these phenolic compounds from vine
shoots. In a previous investigation (Aliakbarian et al., 2012), the extrac-
tion of phenolic compounds from grape pomace was also enhanced by
the use of SWE. These authors reported that TPC, TFC and antiradical ac-
tivity of vine shoot extracts were 19, 12 and 3-fold higher compared to
those reached using water in CE. This increase in the reported yield of
phenolic compounds recovered by SWE in comparison to the other ex-
traction techniques applied, namely CE andMAE, may be justified by an
increase in the aqueous solubility of GA and catechin with the temper-
ature increase from 25 to 150 °C (Srinivas et al., 2010).

Other phenolic acids, such as protocatechuic, vanillic, syringic,
caffeic, ferulic, coumaric and sinapic, were also identified and quantified
in vine shoots from other varieties (Delgado-Torre et al., 2012; Gullón
et al., 2017; Luque-Rodríguez et al., 2006; Rajha et al., 2015b; Sánchez-
Gómez et al., 2014). The detected levels of phenolic compounds re-
ported in the literature were in the same range as the quantified in the
Portuguese vine shoot extracts. One exception is the sinapic acid con-
tent, which concentration ranged from 5.6 to 228. 3 mg/100 g DW
(Delgado-Torre et al., 2012), i.e. 10 times higher than the values ob-
tained in the present study. These results demonstrated that, despite
of the vine shoot variety studied, the phenolic composition was very
similar. In fact, the results described by Çetin et al. (2011) are also in
agreement with this finding, as they demonstrated the importance of
vine shoots genotype only in the concentration of phenolic compounds
found.

Other phenolic compound, typically found in grapes and their prod-
ucts, is trans-resveratrol, a phytoalexin that belongs to the stilbenes
group (Sánchez-Gómez et al., 2014; Silva and Queiroz, 2016). Due to
its capacity to inhibit or delay a wide variety of diseases, there are
some papers describing the use of vine shoots as a source of trans-
resveratrol for medicinal and anti-phytopathogenic applications
(Rayne et al., 2008; Vergara et al., 2012). Some authors have reported
high levels of trans-resveratrol in different vine-shoot from vineyards
in the Region of Southern Chile (38.3 ± 1.2 and 653 ± 49 mg/100 g
DW) (Vergara et al., 2012), whereas in Turkish or Canadian cultivars
the attained concentrations ranged from 0.95 ± 0.08 to 3.94 ± 0.21
μg/100 g DW and 1.95 ± 0.07 to 3.40 ± 0.18 mg/g DW, respectively
(Çetin et al., 2011; Karacabey et al., 2012). In the present work, TR ex-
tracts prepared by CE and MAE techniques exhibited at least 2-fold
higher levels of trans-resveratrol than TN variety (Table 2). According
to some authors (Çetin et al., 2011; Rayne et al., 2008; Vergara et al.,
2012), the higher content of trans-resveratrol could be attributed to
an increased synthesis of this compound due to a possible response of
TR variety to disease or injury stresses. In the case of SWE extracts, the
amount extracted was 7-times lower than the achieved through the
other tested techniques (9.41 ± 0.47 vs 69.2 ± 3.5 and 73.9 ±
3.7 mg/100 g DW for SWE, CE and MAE techniques for TN variety),
which could be related to the stability of trans-resveratrol under SWE



Table 2
Content of the identified phenolic compounds in Portuguese vine shoots extracts from Touriga Nacional (TN) and Tinta Roriz (TR) varieties obtained by conventional extraction (CE), mi-
crowave-assisted extraction (MAE) and subcritical water extraction (SWE) techniques; results are expressed as mean ± standard deviation (mg of compound/100 g dry weight, n = 3).

Compound Touriga Nacional (TN) Tinta Roriz (TR)

CE MAE SWE CE MAE SWE

Phenolic acids
Gallic acid 4.5 ± 0.2 21.4 ± 1.1 589 ± 29 4.63 ± 0.23 109 ± 5 175 ± 9
Protocatechuic acid 7.0 ± 0.4 11.3 ± 0.6 40.9 ± 2.0 6.17 ± 0.31 10.5 ± 0.5 35.8 ± 1.8
4-Hydroxyphenilacetic acid 6.0 ± 0.3 2.32 ± 0.11 26.6 ± 1.3 12.4 ± 0.6 4.85 ± 0.24 28.6 ± 1.4
4-Hydroxybenzoic acid 3.1 ± 0.2 ND 3.14 ± 0.16 ND ND 2.62 ± 0.13
4-Hydroxybenzaldehyde 7.1 ± 0.4 30.9 ± 1.5 12.4 ± 0.6 8.27 ± 0.41 32.3 ± 1.6 9.89 ± 0.49
Chlorogenic acid 11.4 ± 0.6 37.2 ± 1.9 8.40 ± 0.42 5.73 ± 0.28 42.3 ± 2.1 9.21 ± 0.46
Vanillic acid 4.8 ± 0.2 7.80 ± 0.39 9.44 ± 0.47 3.72 ± 0.19 8.58 ± 0.43 10.6 ± 0.5
Caffeic acid 4.8 ± 0.3 24.8 ± 1.2 24.8 ± 1.2 4.61 ± 0.23 24.8 ± 1.2 30.4 ± 1.5
Syringic acid 2.3 ± 0.1 7.13 ± 0.36 10.3 ± 0.5 ND 7.13 ± 0.36 ND
p-Coumaric acid 7.7 ± 0.4 18.0 ± 0.9 4.93 ± 0.24 6.31 ± 0.32 21.3 ± 1.1 5.11 ± 0.26
Ferulic acid 2.8 ± 0.1 16.1 ± 0.8 19.9 ± 0.9 2.97 ± 0.14 16.9 ± 0.8 20.7 ± 1.0
Sinapic acid 3.7 ± 0.2 20.7 ± 1.0 26.1 ± 1.3 3.68 ± 0.18 23.3 ± 1.2 26.6 ± 1.3
Cinnamic acid 5.2 ± 0.3 22.8 ± 1.1 5.07 ± 0.25 6.27 ± 0.31 23.4 ± 1.2 5.61 ± 0.28
Ellagic acid 6.9 ± 0.3 45.0 ± 2.3 8.62 ± 0.43 6.80 ± 0.34 39.9 ± 2.0 8.08 ± 0.40
∑Phenolic acids 77.3 ± 3.9 265 ± 13 790 ± 40 71.5 ± 3.6 365 ± 18 368 ± 18

Flavanols
Catechin 39.4 ± 2.0 31.6 ± 1.6 542 ± 27 99.6 ± 5.0 109 ± 5 592 ± 30
Epicatechin 7.22 ± 0.36 13.6 ± 0.7 2.73 ± 0.14 15.9 ± 0.8 24.2 ± 1.2 2.41 ± 0.12
∑Flavanols 46.6 ± 2.3 45.2 ± 2.3 545 ± 27 115 ± 6 133 ± 7 594 ± 29

Flavanones
Naringin 5.82 ± 0.29 9.95 ± 0.50 11.3 ± 0.6 5.39 ± 0.27 11.3 ± 0.6 14.1 ± 0.7
Naringenin 2.12 ± 0.11 50.8 ± 2.5 2.10 ± 0.11 2.31 ± 0.11 29.4 ± 1.5 2.04 ± 0.10
Pinocembrin 6.96 ± 0.35 41.2 ± 2.1 8.18 ± 0.41 6.92 ± 0.34 40.9 ± 2.0 8.18 ± 0.41
∑Flavanones 14.9 ± 0.7 102 ± 5 21.6 ± 1.1 14.6 ± 0.7 81.7 ± 4.1 24.3 ± 1.2

Flavonols
Rutin 20.5 ± 1.0 23.4 ± 1.2 3.71 ± 0.18 38.9 ± 1.9 42.5 ± 2.13 3.01 ± 0.15
Quercetin-3-O-glucopyranoside 13.0 ± 0.7 39.9 ± 2.0 8.12 ± 0.41 7.10 ± 0.36 39.9 ± 1.9 19.9 ± 0.9
Myricetin 49.9 ± 2.5 280 ± 14 55.7 ± 2.8 50.9 ± 2.5 281 ± 14 55.6 ± 2.8
Kaempferol-3-O-glucoside 12.5 ± 0.6 42.5 ± 2.1 8.45 ± 0.42 12.1 ± 0.6 42.9 ± 2.1 8.29 ± 0.41
Kaempferol-3-O-rutinoside 7.78 ± 0.39 125 ± 6 8.86 ± 0.44 8.32 ± 0.42 70.9 ± 3.5 10.1 ± 0.5
Quercetin 14.1 ± 0.7 78.6 ± 3.9 21.3 ± 1.1 17.9 ± 0.9 82.1 ± 4.1 15.9 ± 0.8
Tiliroside 6.09 ± 0.30 32.3 ± 1.6 6.53 ± 0.33 5.52 ± 0.27 31.5 ± 1.6 6.50 ± 0.32
Kaempferol 18.9 ± 0.9 89.5 ± 4.5 17.7 ± 0.88 16.3 ± 0.81 88.4 ± 4.4 17.5 ± 0.9
∑Flavonols 143 ± 7 712 ± 35 130 ± 6 157 ± 8 680 ± 34 137 ± 7

Stilbenes
Resveratrol 69.2 ± 3.5 73.9 ± 3.7 9.41 ± 0.47 133 ± 6 136 ± 7 9.39 ± 0.47
∑Stilbenes 69.2 ± 3.5 73.9 ± 3.7 9.41 ± 0.47 133 ± 6 136 ± 7 9.39 ± 0.47

Others
Phloridzin 6.70 ± 0.33 15.2 ± 0.76 3.60 ± 0.18 7.03 ± 0.35 14.8 ± 0.7 7.10 ± 0.35
Phloretin 2.45 ± 0.12 13.9 ± 0.70 2.50 ± 0.12 2.11 ± 0.10 10.6 ± 0.5 2.13 ± 0.11
∑Others 9.15 ± 0.46 29.1 ± 1.4 6.09 ± 0.30 9.14 ± 0.46 25.4 ± 1.3 9.24 ± 0.46
∑All phenolic compounds 360 1228 1502 501 1421 1142

ND: not detected.
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conditions used. In a previous investigation (Rayne et al., 2008), a de-
crease in trans-resveratrol yield of 7-fold between the solvent systems
70:30 ethanol:water (v/v) (345 ± 4 mg/100 g DW) and 30:70 etha-
nol:water (v/v) (47± 9mg/100 g DW)was stated, which could explain
the low amount recovered by SWE due to the extraction solvent used.
Furthermore, the higher temperature (150 °C) used in SWE can also in-
fluence the trans-resveratrol extraction, which can thermally decom-
pose at this temperature.

The identification of rutin, quercetin and kaempferol, phenolic com-
pounds belonging to the flavonoid family, in vine shoots has been pre-
viously reported by other authors (Farhadi et al., 2016; Rajha et al.,
2014c). For the Portuguese extracts among the extraction techniques
tested, the yield of rutin was the highest for MAE (42.5 ± 2.1 and 23.4
± 1.2 mg/100 g DW for TR and TN, respectively), followed by CE (39.0
± 1.9 and 20.5 ± 1.0 mg/100 g DW, for TR and TN, respectively) and
then SWE (3.01 ± 0.15 and 3.71 ± 0.19 mg/100 g DW, for TR and TN,
respectively). For quercetin and kaempferol, MAE also enabled to obtain
the highest content, which was very similar for CE and SWE techniques
(Table 2). These results confirmed the influence of the extraction tech-
nique in the yield of phenolic compounds recovered, demonstrating
that MAE seems to be more suitable for the recovery of compounds be-
longing to the flavonoid family. Other flavonoids, namely quercetin-3-
O-glucopyranoside, myricetin, kaempferol-3-O-glucoside, kaempferol-
3-O-rutinoside, tiliroside, naringenin and pinocembrin, were identified
in vine shoot extracts for the first time. Again, the highest yield was re-
ported for the MAE extracts, confirming the applicability of this extrac-
tion technique for the recovery of flavonoid compounds.

3.3. Antioxidant activity

3.3.1. FRAP and DPPH-RSA assays
In the present study, FRAP and DPPH-RSA assayswere used to assess

the antioxidant activity of Portuguese vine shoot extracts obtained after
the application of the three tested extraction techniques (Table 3). In
general, the antioxidant activity of TR was significantly higher (p b

0.05) than that of TN, which is in accordance with previous results ob-
tained for TPC and TFC assays. Among the extraction techniques applied,
TR extracts obtained by SWE exhibited the highest reducing power by
FRAP assay (24.3 ± 0.9 mg AAE/g DW), as well as the highest radical-
scavenging activity by DPPH method (35.3 ± 2.4 mg TE/g DW). On
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the other hand, TN extracts prepared by the CE presented at least 3-
times lower values than the TR (7.25 ± 0.31 mg AAE/g DW and 8.31
± 0.32 mg TE/g DW for FRAP and DPPH-RSA assays, respectively). Sev-
eral authors (Alexandru et al., 2014; Delgado-Torre et al., 2012; Farhadi
et al., 2016; Ju et al., 2016; Karacabey and Mazza, 2010; Rajha et al.,
2014a; Rajha et al., 2015b) have been investigating the antioxidant ac-
tivity of other vine shoot varieties employing different assays and one
of the most used was the DPPH method. Despite of that, a direct com-
parison with ours results is not possible as the majority of those works
reported the values in terms of inhibition percentage (IC50). Moreover,
a huge variability in the determined antioxidant activity within the
same vine shoot variety, but applying different analytical methods, ex-
traction conditions and/or techniques, was found in most of the pub-
lished studies (Alexandru et al., 2014; Farhadi et al., 2016; Ju et al.,
2016; Rajha et al., 2015b).

The results from FRAP and DPPH-RSA assays showed the same ten-
dency as that previously described for TPC and TFCmethods, with an in-
crease in the values of the extracts prepared by the environmentally
friendly extraction techniques MAE and SWE. A previous study
(Karacabey andMazza, 2010) has indicated that an increase in temper-
ature led to an increase of antioxidant activity, which agreed with MAE
and SWE results since assays were conducted at 100 and 150 °C, respec-
tively, versus to the CE, whichwas performed at 55 °C. The same authors
also demonstrated that the solvent polarity was one of the most signif-
icant extraction factor affecting not only the quantity of total phenolics,
but also the composition and the antioxidant activity of vine shoots ex-
tracts (Karacabey and Mazza, 2010). Therefore, the main differences in
the phenolic profile of the obtained extracts may be related, not only
with the extraction technique employed, but also with the use of differ-
ent solvent compositions whichmay result in the change of the pheno-
lic profile, and consequently in the antioxidant activity of vine shoot
extracts (Table 3). According to the reached results, the amount of the
investigated phenolic compounds (especially in GA and catechin,
Table 2) seems to have a positive effect on the antioxidant activity of
the Portuguese vine shoot extracts.

Another factor that may justify the higher antioxidant activity of the
SWE extracts could be the formation of new compounds due to the use
of higher extraction temperatures (Delgado de la Torre et al., 2012;
Plaza et al., 2010). Plaza et al. (2010) demonstrated that some compo-
nents originally present in the samples can be released and interact
through Maillard and caramelization reactions forming new com-
pounds during SWE, which affect the antioxidant activity of subcritical
water extracts. In a recent study (Delgado de la Torre et al., 2012), taking
in consideration the employed extraction temperature, as well as the
amount of cellulose and hemicellulose in vine shoots, it was suggested
that furanic compounds could be formed under SWE. In fact, according
to Senyuva andGokmen (2007), the formation of furans could be signif-
icantly increased at temperatures higher than 120 °C due to the degra-
dation of sugars released from vine shoots material, which could
explain the higher antioxidant activity found in the present study for
SWE vine shoot extracts. However, the furanic compounds have
been a target of disagreement (Delgado de la Torre et al., 2012). On
Table 3
Antioxidant activity evaluated by the Ferric reduction activity power (FRAP), 2,2-diphenyl-1-p
Portuguese vine shoots extracts from Touriga Nacional (TN) and Tinta Roriz (TR) varieties obtain
water extraction (SWE) techniques. Results are expressed as mean± standard deviation; for e
indicates that the given means are not statistically significant (p N 0.05).

Extraction technique FRAP
(mg AAE/g DW)1

DPP
(mg

TN TR TN

CE 7.25 ± 0.31a 10.5 ± 0.9d 8.31
MAE 15.2 ± 0.9b 20.1 ± 1.1e 22.4
SWE 20.2 ± 1.7c 24.3 ± 0.9f 24.8

1 FRAP: ferric reduction activity power, results are expressed as mg ascorbic acid equivalent
2 DPPH-RSA: 2,2-diphenyl-1-picrylhydrazyl radical scavenging activity, results are expresse
the one hand, it is well-known the contribution of furfural and
hydroxymethylfurfural to flavoring in processed food by heating.
On the other hand, several organizations, such as the Food and
Drug Administration in United States (U.S. FDA) and the European
Food Safety Authority (EFSA), have reported that these compounds
could be harmful, as they demonstrated carcinogenic activity in
rats and mice, probably due to the combination of a genotoxic mech-
anism and hepatotoxicity (Delgado de la Torre et al., 2012). There-
fore, for a potential application of the produced vine shoot extracts
in food and/or pharmaceutical industries, it is important to evaluate
the furan contents to ensure products safety.

3.3.2. Protective effect on AAPH-induced hemolysis
The hemolytic activity of Portuguese vine shoot extracts and their

capacity to protect the erythrocytes against hemolysis induced by the
oxidizing agent AAPH were assessed (Table 3). The vine shoot extracts
were incubatedwith erythrocytes in the absence of AAPH andnohemo-
lysis was observed during the experimental period, for all concentra-
tions tested. All extracts significantly protected erythrocytes against
AAPH-induced hemolysis, with IC50 values after 3 h of incubation rang-
ing from 9.59 ± 1.04 (MAE for TR) to 21.3 ± 0.3 μg/mL (SWE for TN)
(Table 3). The anti-hemolytic action observed for ascorbic acid, used
as a positive control due to its consensual antioxidant properties, was
significant lower (p b 0.05) than that obtained for the Portuguese vine
shoots, with an IC50 value of 50 μg/mL. Moreover, the antioxidant effect
observed in this study was similar to that reported by Pervin et al.
(2014) for grape skin, suggesting that the analyzed vine shoot samples
could be used in the prevention of oxidative stress, maintaining the in-
tegrity of the cell wall. These results could be explained by the synergis-
tic interactions of the compounds present in the vine shoots,
particularly the phenolic compounds, which act as hydrogen donors,
singlet oxygen reducers and superoxide radicals, antioxidant enzyme
activators and as metal chelators protecting against the oxidation
(Pervin et al., 2014). The generation of free radicals in the absence of ef-
ficient neutralization systems has been claimed to be a leading patho-
logical mechanism in neuronal disorders such as Alzheimer and
Parkinson, cancer, diabetes and atherosclerosis (Farias et al., 2014).
Having this into consideration, following the confirmation that Portu-
guese vine shoot possess antioxidant activity and protect erythrocytes
against oxidative damage, further studies were conducted in order to
investigate the inhibition of acetylcholinesterase and α-amylase
activity.

3.4. Acetylcholinesterase inhibition assay

Alzheimer's disease represents 60 to 80% of dementia cases world-
wide, being the sixth leading cause of death in the United States
(Farias et al., 2014). The inhibition of acetylcholinesterase enzyme,
which plays a key role in the degradation of acetylcholine, appears as
a sound strategy for the treatment of Alzheimer's disease (Farias et al.,
2014; Pervin et al., 2014). However, despite the great efforts developed
by researchers and the pharmaceutical industry, the therapeutically
icrylhydrazyl radical scavenging activity (DPPH-RSA) and anti-hemolytic activity assays of
ed by conventional extraction (CE), microwave-assisted extraction (MAE) and subcritical

ach assay (FRAP, DPPH-RSA or anti-hemolytic activity), the same letter in a row or column

H-RSA
TE/g DW)2

Anti-hemolytic activity
IC50 (μg/mL)

TR TN TR

± 0.32a 15.4 ± 0.2c 16.1 ± 0.6a 15.3 ± 0.9a
± 1.9b 31.3 ± 2.4d 12.3 ± 0.3b 9.59 ± 1.04d
± 1.9b 35.3 ± 2.4d 21.3 ± 0.3c 17.9 ± 0.7e

s/g dry weight.
d as mg trolox equivalents/g dry weight.



839M.M. Moreira et al. / Science of the Total Environment 634 (2018) 831–842
armamentarium that effectively reduces the progression of this
disease is still scarce. Recently, special attention has been given to
nutraceuticals and bioactive compounds that may be obtained directly
from diet or supplementation. These compoundsmay be able tomodify
the pathophysiological processes responsible for neurodegeneration,
among which the deleterious activity of acetylcholinesterase (Farias
et al., 2014). In the present study, all the Portuguese vine shoot extracts
inhibited the acetylcholinesterase enzyme (Fig. 2). Portuguese vine
shoot extracts obtained by MAE technique, with IC50 values of 17.18
± 2.59 and 24.33 ± 0.76 μg/mL for TR and TN varieties, respectively,
presented the highest acetylcholinesterase inhibition activity. On the
other hand, TN and TR extracts prepared by the SWE presented IC50

values at least 5-fold higher than the reported for MAE extracts,
resulting in a lower inhibitory effect of the enzyme under study. The in-
hibition induced by Eserine (IC50: 0.005 ± 0.002 μg/mL), used as a con-
trol standard, differed statistically (p b 0.05) from that obtained when
using the extracts. The comparison of our results with those available
in the literature (Pervin et al., 2014), namely with IC50 values of grape
skins from V. vinifera L. cv. Aglianico (363.6 μg/mL) and the phenolic
standards gallic and ellagic acids (1.1 and 13.79 μg/mL, respectively)
which possess recognized benefits in the Alzheimer's disease treatment,
suggest that vine shoot extracts obtained by MAE may be an important
natural source of components to be included in the treatment of this
health condition.

3.5. α-Amylase inhibition assay

Diabetes mellitus is a complex and multifactorial metabolic disorder
whose prevalence is increasingworldwide, reaching 15% in some coun-
tries. Diabetes-related complications impose a relevant burden on all
health-care systems and have beenmuch related to the oxidative stress
(Ayeleso et al., 2016). The financial costs of treatments with conven-
tional drugs, such as acarbose andmignitol, and the side effects inherent
to the treatment of this disease have aroused the interest of both scien-
tific community and pharmaceutical industry for the development of
therapeutic alternatives, particularly those enrolling naturally available
compounds (Ayeleso et al., 2016; Lavelli et al., 2016). Nowadays, the
therapeutic approach to treat Diabetes mellitus emphasizes the reduc-
tion of postprandial hyperglycemia, whatmay be achieved by inhibiting
the enzymes involved in the digestion of carbohydrates in humans,
among which α-amylase (Thilagam et al., 2013).

In this context, α-amylase inhibition activity from vine shoot ex-
tracts was evaluated and the obtained results are also presented in
Fig. 2. It was observed that TR and TN extracts obtained by MAE were
those that inhibited the α-amylase enzyme to a greater extent with
IC50 values of 60.37 ± 5.55 and 73.28 ± 6.77 μg/mL, respectively. In-
deed, thementioned extracts also showedα-amylase inhibitory activity
identical (p N 0.05) to that of the reference compound acarbose (IC50:
Fig. 2. (A) Acetylcholinesterase and (B)α-amylase inhibition activity of Portuguese vine shoots e
(CE), microwave-assisted extraction (MAE) and subcritical water extraction (SWE) techniques.
and α-amylase inhibition activity), the same letter in a plot indicates that the given means are
67.52 ± 2.42 μg/mL). In an opposite way, the α-amylase inhibition in-
duced by the extracts prepared by SWE technique was at least 4.6-fold
lower than the samples referred above. Literature studies on the α-
amylase inhibitory effect of vine shoots are missing. Although, recently
it was reported that other by-products from the winemaking process,
namely grape seed and skins, may possess a significant inhibitory activ-
ity ofα-amylase (Lavelli et al., 2016). Therefore, vine shoots could pres-
ent these inhibition properties.

Plant polyphenols and flavonoids, already identified and quantified
in these samples, are someof the naturally occurring antidiabetic agents
which are known to show an inhibitory effect on carbohydrate hydro-
lyzing enzyme inhibition due to their capability to bind with proteins
(Ayeleso et al., 2016). In the present study, TPC and TFC values obtained
for the extracts prepared by theMAE and SWE techniques were not sig-
nificantly different (p N 0.05). However, their α-amylase inhibition
properties were statistically different (p b 0.05). These findings suggest
that α-amylase, as well as acetylcholinesterase inhibitory activities are
not directly linked to the content of phenolic or flavonoid compounds,
but perhaps to the presence of specific polyphenols. The same behavior
was also observed by Sousa and Correia (2012), who confirm that the
quality and the synergy of phytochemicals may be more relevant to en-
zyme inhibition than the total amount of phenolic or flavonoid com-
pounds itself. Considering the obtained previous results for vine shoot
extracts, this research enables us to conclude that this vineyard waste
demonstrates further potential for being used in the treatment of
Alzheimer and diabetes's diseases.

3.6. Antimicrobial activity

Recently, the emergence of multiresistant drug strains, both in in-
hospital environment and in the community, has reduced the efficacy
of several antibiotics (Gullón et al., 2017). Natural products, due to
their complexity and varying characteristics, may constitute potential
sources of compounds with antimicrobial activity (Gullón et al., 2017;
Teixeira et al., 2014). Recently, several studies have reported that
grape by-products, such as grape pomace and seeds, possess antimicro-
bial activity (Gullón et al., 2017, Teixeira et al., 2014). In fact, Gullón et al.
(2017) evaluated the antimicrobial activity of ethyl acetate extracts
from the vine shoots liquors against several microorganisms associated
with spoilage of food products, reporting MIC and MLC values ranging
from 5 to 20 mg/mL. Despite from the previous mentioned study
(Gullón et al., 2017), information from the antimicrobial activity of
vine shoot extracts is still scarce.

Table 4 depicts theMIC andMLC values obtained for the bacteria and
yeasts included in this study, both isolated from hospital and reference
strains. As it can be seen, all the vine shoot extracts demonstrated anti-
microbial activity against both referencemicroorganisms and strains re-
sistant to antimicrobial drugs. Moreover, the studied activity was
xtracts from Touriga Nacional and Tinta Roriz varieties obtained by conventional extraction
Results are expressed asmean± standard deviation; for each assay (acetylcholinesterase
not statistically significant (p N 0.05).
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influenced by the vine shoot variety, as well as by the extraction tech-
nique applied, with TR variety and MAE technique presenting the
highest antimicrobial activity. The bacterial activity of S. mitis, consid-
ered as one of the main microorganisms involved in periodontal
diseases, was particularly inhibitedwhen theMAE extract from TR vari-
ety was usedwithMIC values of 1.17± 0.29 and 1.67± 0.38mg/mL for
S. mitis ATCC and S. mitis ESA65, respectively. Regarding the MLC, the
lowest values were observed for the S. mitis ATCC strain, with their con-
tent ranging from 2.50 ± 0.50 to 12.9 ± 0.5 mg/mL for TR extract ob-
tained by MAE and TN extract prepared by SWE, respectively. Even
though the bacterial strains accessed are different, our values are similar
to those reported byGullón et al. (2017)who reportedMIC andMLC of 5
and 10 mg/mL for S. aureus and L. innocua strains, respectively. Regard-
ing the Gram-negative bacteria studied, E. coli ESA 37 Cephalosporins-
resistant strainwas the one that presented higher resistance in the pres-
ence of TN extract obtained by SWE technique, with MIC of 8.42 ±
0.52mg/mL andMLCof 11.8±0.3mg/mL. On the other hand, TR extract
obtained by MAE was, again, the most effective sample in inhibiting the
growth of Gram-negative bacteria presentingMIC (0.62± 0.10mg/mL)
and MLC (1.58 ± 0.14 mg/mL) lower than that reported for Gram-
positive bacteria's. In contrast, Gullón et al. (2017) reported that their
vine shoot ethyl acetate extracts were less effective against E. coli
reporting MIC and MLC values of 15 and 20 mg/mL, respectively,
which were significantly higher than the obtained in the present study
even for the Portuguese vine shoot extractwith the lowest antimicrobial
activity.

Concerning the antifungal activity, TN and TR extracts were active
against both reference and hospital strains. The C. albicans ATCC 10231
yeast was the most sensitive to the negative effects induced by the
vine shoot extracts, especially in the presence of the TR extract obtained
by MAE technique (MIC = 2.42 ± 0.14 mg/mL and MLC = 4.00 ±
0.25 mg/mL). On the other hand, amphotericin B-resistant C. albicans
ESA 100 of hospital origin showed the highest resistance, with themax-
imum MIC (16.8 ± 0.3 mg/mL) and MLC (25.5 ± 0.9 mg/mL) reported
for TN extract obtained by SWE technique.

Even though some studies indicated that antibacterial and anti-
fungal activities may be assigned to the total amount of phenolic
compounds (Teixeira et al., 2014), no correlation between the anti-
microbial activity and TPC or TFC was found in the present work. In-
deed, the subcritical extracts, with higher amount of total phenolic
and flavonoid compounds, were the less effective against the studied
microorganisms. These findings suggest that other factors, like the
particular type of the phenolic compounds available in the extracts
as well as the complex mixture of several bioactive molecules, may
justify this discrepancy. In fact, several authors have reported that
the antibacterial activity of different extracts is due to a synergistic
effect between various constituents that are present in their compo-
sition (Gullón et al., 2017, Teixeira et al., 2014). Furthermore, from
the attained results (Table 4), it may be highlighted that the inhibi-
tory potential of vine shoot extracts on Gram-negative bacteria was
higher than the observed on Gram-positive bacteria and yeast. Usu-
ally, the majority of compounds or extracts are more efficient against
Gram-positive bacteria than to Gram-negative, due to the composi-
tion of the bacterial cell wall (Gullón et al., 2017). However, even
though Gram-negative bacteria have a flexible cell wall their
chemical structure is also more complex, with highly polar charac-
teristics as well as the presence of efflux pumps that act as resistance
mechanisms by ejecting compounds that passed across the outer
membrane (Gullón et al., 2017). As far as we know, no previous stud-
ies reported a higher efficiency of plant extracts against Gram-
negative bacteria in comparison to Gram-positive ones. Therefore,
these important findings enable us to conclude regarding the huge
potential of Portuguese vine shoots from TR and TN varieties to be
used in the development of bioactive agents or supplements to be
further employed by food or pharmaceutical industries in the treat-
ment of several diseases.
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4. Conclusions

The results obtained in the present study demonstrate that Portu-
guese vine shoots, especially TR variety, constitute a good source of
bioactive compounds, namely polyphenols. MAE shows to be the ex-
traction technique, which enables to obtain higher phenolic content
(32.1 ± 0.9 mg GAE/g DW), whereas the maximum flavonoid content
was reported for SWE (18.7 ± 1.2 mg EE/g DW), being both values for
TR variety. Concerning the antioxidant activity, assessed by FRAP and
DPPH-RSA assays, the highest results were reported for SWE, followed
by MAE and CE techniques. Regarding the protective effect on AAPH-
induced hemolysis, MAE extracts were the most effective (IC50: 9.59
± 1.04 μg/mL for TR variety). Additionally, for the first time, vine
shoot extracts showed inhibitory activities against α-amylase and ace-
tylcholinesterase enzymes, indicating their potential to be used in the
treatment of Alzheimer and diabetes's diseases. The characterization
of phenolic profile by HPLC analysis indicate that gallic acid, and the fla-
vonoids catechin, myricetin and kaempferol-3-O-rutinoside were the
major contributors to the demonstrated antioxidant and biological ac-
tivities of the vine shoot extracts. It can also be concluded that the
vine shoot extracts, that showed high antioxidant, namely anti-
hemolytic activity, as well as high antimicrobial activity, in particular
MAE extracts, could serve as easily accessible source of natural antioxi-
dants for the food or pharmaceutical industries.
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