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APRESENTACAO

O livro “Estudos Interdisciplinares nas Ciéncias Exatas e da Terra e Engenharias”
de publicacdo da Atena Editora apresenta em seu 5° volume 37 capitulos com
tematicas voltadas a Educacdo, Agronomia, Arquitetura, Matematica, Geografia,
Ciéncias, Fisica, Quimica, Sistemas de Informacgédo e Engenharias.

No ambito geral, diversas areas de atuacdo no mercado necessitam ser
elucidadas e articuladas de modo a ampliar sua aplicabilidade aos setores
econOmicos e sociais por meio de inovagdes tecnologicas. Neste volume encontram-
se estudos com teméaticas variadas, dentre elas: estratégias regionais de inovacéo,
aprendizagem significativa, caracterizagao fitoquimica de plantas medicinais, gestéo
de riscos, acessibilidade, anélises sensoriais e termodinadmicas, redes neurais e
computacionais, entre outras, visando agregar informacdes e conhecimentos para a
sociedade.

Os agradecimentos do Organizador e da Atena Editora aos estimados autores
que empenharam-se em desenvolver os trabalhos de qualidade e consisténcia,
visando potencializar o progresso da ciéncia, tecnologia e informacédo a fim de
estabelecer estratégias e técnicas para as dificuldades dos diversos cenarios
mundiais.

Espera-se com esse livro incentivar alunos de redes do ensino basico, graduacéao
e pos-graduacdo, bem como outros pesquisadores de instituicbes de ensino,
pesquisa e extenséo ao desenvolvimento estudos de casos e inovacgdes cientificas,
contribuindo na aprendizagem significativa e desenvolvimento socioeconémico rumo
a sustentabilidade e avancos tecnolégicos.

Cleberton Correia Santos
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CAPITULO 12

AVALIACAO DA CAPACIDADE ANTIOXIDANTE
DE VINHOS UTILIZANDO TECNICAS
ELETROANALITICAS E ESPECTROFOTOMETRICAS

Isaide de Araujo Rodrigues
Universidade Federal do Maranhao-UFMA,

Departamento de Quimica.

Campos universitario do Bacanga - Centro de
ciéncias Exatas e Tecnologia

Av. dos Portugueses, 1966 - CEP: 65085-580-
Sao Luis — MA

Deracilde Santana da Silva Viégas
Universidade Federal do Maranhao - UFMA

Campos universitario do Bacanga - Av. dos
Portugueses, 1966 - CEP: 65085-580 Sao Luis —
MA.

Ziel dos Santos Cardoso
Instituto Federal de Educacgao Ciéncias e
Tecnologia do Maranhéao - IFMA

Av. Getulio Vargas, n° 4. Bairro Monte Castelo |
CEP: 65030-005 | Sao Luis/MA.

Vinicius Tribuzi Rodrigues Pinheiro Gomes
Universidade Federal de Sao Carlos —UFSCar.
Rod. Washington Luiz, s/n, Sdo Carlos - SP,
13565-905.

Ana Maria de Oliveira Brett
Chemistry Department, University of Coimbra,
3004-535. Coimbra, Portugal

RESUMO: A composicdao fendlica e a
capacidade antioxidante total dos vinhos
portuguesestintos e brancos foram avaliadas por
técnicas eletroquimicas e espectrofotométricas.
Os diferentes compostos fendlicos presentes
nos dezessete vinhos tintos e brancos, com
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diferentes castas e de diferentes localizagbes
geograficas, foram identificados e detectados
com sucesso. Determinou-se a capacidade
antioxidante total dos vinhos, utilizando-se o
indice quantitativo eletroquimico (IE), e o método
de captura da “concentragao eficiente” (CE, ) de
radicais livres 1,1-difenil-2-picrilhidrazil (DPPH).
O vinho com maior capacidade antioxidante
total apresentou o menor poder antioxidante,
e foi obtida uma correlacédo muito boa entre os
ensaios El e EC.

PALAVRAS-CHAVE: Vinhos tintos e brancos,
eletrodo de carbono vitreo, compostos fendlicos

EVALUATION OF THE ANTIOXIDANT
CAPACITY OF WINES USING
ELECTROANALYTICAL AND
SPECTROPHOTOMETRIC TECHNIQUES

ABSTRACT: Red and white Portuguese
total
antioxidant capacity have been evaluated

wines phenolic composition and

by  electrochemical, spectrophotometric.
The different phenolic compounds present
in the seventeen red and white wines, with
different grape varieties, and from different
geographical
identified and detected. The wines total

locations, were successfully

antioxidant capacity, using the electrochemical
guantitative index (El), and the method of
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capture of diphenilpicrilhydrazil (DPPH) free radical “efficient concentration” (EC, ),
was determined. The wine with the highest total antioxidant capacity exhibited the
lowest antioxidant power, and the El and EC50 assays had a very good correlation.
KEYWORDS: Red and white wines- glassy carbon electrode: phenolic compounds in
vitro, total antioxidant capacity.

11 INTRODUCTION

The origin of wines in Portugal is more than two thousand years old, with the
influence, from Phoenicians, Greeks and Celts, been consolidated by the Romans.
The enormous number, over 2., Vitis vinifera Portuguese native grape varieties,
a Portuguese treasure, enable the great diversity and the different personalities
found in the Portuguese wines. Although each variety has different characteristics,
the same grape variety can also produce different wines according with the terroir,
soil, topography, and climate, where it is cultivated. The most important red wine
varieties being: Touriga Nacional, Baga, Castelédo, Touriga Franca, Alfrocheiro, Jaen
and Trincadeira; and the most important white varieties: Alvarinho, Loureiro, Arinto,
Encruzado, Bical, Ferndo Pires, Moscatel and Malvasia Fina.

The red and white Portuguese wine samples natural phenolic composition,
include flavonoids, which are ubiquitous in the vegetal kingdom, occurring mainly as
secondary metabolites in a wide variety of structures, each one presenting interesting
chemical and biological properties, being members of the food antioxidants group.
The evaluation of the mechanisms involved in the natural flavonoids’ antioxidant and
pro-oxidant role in our daily nutrition is of great relevance.

The flavonoids are effective antioxidants because of their sequestering properties
of free radicals and chelate metal ions (KANDASWAMI, C.; MIDDLETON JR, 1994),
thus protecting tissues from free radicals and lipid peroxidation. They are the main
antioxidants in natural products and the basic structure present an A-ring connected
to a benzene B-ring via a heterocyclic pyrene C-ring.

The flavonoids antioxidant properties aim to protect from highly reactive species,
mainly the hydroxyl radical (*OH) and the superoxide anion (O,*), which are involved
in tissue damage by initiating lipid peroxidation and matrix interstitial disruption
(KAHRAMAN, A. et al. 2003). In addition, flavonoids have membrane stabilizing
properties, which can affect some intermediary metabolic processes (GALATI, G.
et al. 2002). In particular, quercetin sequesters oxygen radicals (*OH and O,*),
inhibits xanthine oxidase and lipid peroxidation, and has iron chelating and stabilizing
properties (SORATA, Y., TAKAHAMA, U., KIMURA, M., 1984).

Although flavonoids present important antioxidant properties in the prevention
of diseases, studies have demonstrated that, depending on concentration, they also
have in vitro a pro-oxidant activity. Concentrated extracts of plants rich in flavonoids
as green tea leaves, isolated isoflavones from soya beans, and grape seeds, are

Estudos Interdisciplinares nas Ciéncias Exatas e da Terra e Engenharias 5 Capitulo 12 127


https://pt.wikipedia.org/wiki/Touriga_Nacional
https://pt.wikipedia.org/wiki/Baga_(uva)
https://pt.wikipedia.org/wiki/Castel%C3%A3o
https://pt.wikipedia.org/w/index.php?title=Touriga&action=edit&redlink=1
https://pt.wikipedia.org/wiki/Trincadeira
https://pt.wikipedia.org/wiki/Alvarinho
https://pt.wikipedia.org/wiki/Loureiro
https://pt.wikipedia.org/wiki/Arinto
https://pt.wikipedia.org/wiki/Encruzado
https://pt.wikipedia.org/wiki/Bical
https://pt.wikipedia.org/wiki/Fern%C3%A3o_Pires
https://pt.wikipedia.org/wiki/Moscatel
https://pt.wikipedia.org/wiki/Malvasia

widely diffused as nutraceuticals for the treatment of cardiovascular diseases, cancer,
and chronic inflammation. Thus, mutagenicity reports based on the oxidative damage
caused by flavonoids became of great interest (HEIM, K.E., TAGLIAFERRO, A.R.,
BOBILYA, D.J. 2002)

The phenolic compounds importance led to the development of analytical
methods, such as chemiluminescence, (CHEN, R.L.C., LIN,C.H., CHUNG,C.Y.,
CHENG,T.J. 2005), spectrophotometry (MAGALHAES, L.M., SANTOS, M,
SEGUNDO, M.A., REIS, S., LIMA, J. L. F. C. 2009), capillary electrophoresis (
FERNANDEZ-PACHON M.S., VILANO, D., TRANCOSO, A.M., GARCIA-PARRILLA,
M.C. 2006; BERLI, F.; D’ANGELO, J.; CAVAGNARO, B.; BOTTINI, R.; WUILLOUD,
R.; SILVA, M. F. 2008)., and chromatography (SPINOLA, V.; PINTO, J.; CASTILHO,
P.C. 2015; CASSANO, A.; CAIAZZO, F.; DRIOLI, E. 2017) for their determination in
different types of samples.

Due to their high sensitivity, voltammetric methods have been successfully
used for the investigation of the oxidation mechanism of biological active substituted
phenols, providing valuable insights into their redox behaviour and their detection
in various samples. The electrochemical characterization of the mostly widespread
flavonoids has already been investigated at different carbon electrode materials:
glassy carbon, carbon paste, efc. (J. B. HE, Y. WANG, N. DENG, X. Q. LIN. 2007;
H. P. HENDRICKSON, A. D. KAUFMAN, C. E. LUNTE. 1994) and their oxidation
mechanisms were correlated with the electroactive groups: phenol, resorcinol and
catechol.

The electrochemical behaviour and “antioxidant capacity” can be linked through
the relationship: the lower the oxidation potential the greater the antioxidant power
(H. P. HENDRICKSON, A. D. KAUFMAN, C. E. LUNTE. 1994). Therefore, the
presence of voltammetric currents at low anodic potentials indicates the presence
of polyphenolic compounds of higher antioxidant capacity, while oxidation at higher
potentials denotes polyphenolic compounds of low antioxidant activity (ARRIBAS,
A.S., MARTINEZ-FERNANDEZ, M., CHICHARRO, M. 2012).

The electrochemical index (El) is defined as the total phenolic concentration.
The El is obtained using differential pulse voltammetry, taking into account the
compound peak potential (Ep) and peak current (Ip), using the equation [26].

El=(l,/E)+(,/E)+...+( /E) (1)

The spectrophotometric methods have also been applied for the determination
of phenolic compounds total antioxidant capacity, using different compounds:
DPPH* (1,1-diphenyl-2-picrylhydrazine) (VILLANO, D. ET AL 2007; P. MOLYNEUX.
2004; K. MISHRA, H. OJHA, N. K. CHAUDHURY. 2012)., ABTS (2,2’-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid) (L. P. LEONG, G. SHUI. 2002; KATALINIC,
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V., MILOS, M., KULISIC, T. AND JUKIC, M. 2006) and DMPD (N,N-dimethyl-p-
phenylendiamine) (RAO, P.S.; E. HAYON, E. 1975); AL-ABACHI, W.Q., HADDI, H.;
AL-ABACHI, A.M. 2005; CEKIC, S.M.; AVAN, A.N.; UZUNBQY, S.; APAK, R. 2015).
The DPPH? free radical scavenging assay involves a stable and commercially
available radical, and it is a determination easy to perform, that leads to highly
reproducible and accurate results. The decrease in absorbance is monitored at A =
516 nm and the DPPH" scavenging radical efficiency is calculated using the equation:

DPPH- scavenging effect (%) = [(A, - A,) /A ] x 100 (2)

where A, and A, correspond to the absorbance at A = 516 nm of the DPPH*
radical in the absence and in the presence of antioxidant, respectively. The total

antioxidant capacity is expressed as “efficient concentration” or EC_ , representing

50’
the amount of extract to produce 50% of decolourization of DPPH* relative to the
methanol blank control.

The present work focuses on the evaluation of the phenolic composition and total
antioxidant capacity of seventeen wines, three white and fourteen red, from different
wine demarcated regions (Controlled Denomination of Origin - DOC), in Portugal,
using electrochemical and DPPH* radical scavenging quantification. The phenolic
compounds with a glassy carbon electrode (GCE) and electrochemical index (El) was
determined, and compared with the total antioxidant capacity expressed as “efficient

concentration” or (EC,,), evaluated by DPPH?* free radical scavenging assay.

2| EXPERIMENTAL

2.1 Reagents and solutions

Standard of delphinidin chloride, (-)-epigallocatechin gallate, ferrulic acid,
hesperidin, hyperoside, kuromanin chloride, malvidin chloride, morin, quercetin
dihydrate, quercetin-3-O-glucopyranoside, peonidin chloride, peonidin-3-O-rutinoside
chloride, pellargonidin chloride, procyanidin A2, rutin, and resveratrol, were from
Extrasynthese, Genay, France. Catechin hydrate, 2,2-diphenyl-1-picrylhydrazyl, and
methanol (99.8 %), were from Sigma-Aldrich, Germany, and formic acid (98-100 %)
was from Merck, Darmstadt, Germany.

All solutions were prepared using analytical grade reagents and purified water
from a Millipore Milli-Q system (conductivity = 0.1 uS cm') and the experiments were
performed at room temperature, 25 + 1°C.

The volumes were measured using Pipetman pipettes, from Gilson, France.
The pH measurements were performed with a CRISON 2001 micro pH-meter, with
an Ingold-combined glass electrode, from Spain. The ultrasound bath used was from
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Bandelin Sonorex, Germany. The microwave was a Miele, M625EG, Germany.
2.2 Methods, instruments and cells

The electrochemical cell was a VT-03 flow cell from Antec Leyden, Zoetewoude,
Netherlands, in a three-electrode wall-jet configuration: a glassy carbon working
electrode (GCE) with 2 mm diameter, an in situ Ag/AgClI reference electrode and a
stainless steel auxiliary electrode. The in situ Ag/AgCI reference electrode, referred
as ISAAC (in situ Ag/AgCl) is in direct contact with the mobile phase that contains 2
mM chloride ions (2 mM KCI). There is a difference of + 0.2 V between the potential of
the Ag/AgClI (saturated KCI) reference electrode and the ISAAC reference electrode
in contact with 2 mM KCI. Thus, for an experiment running at + 0.7 V vs. Ag/AgCl with
saturated KCI, the potential setting using ISAAC should be + 0.5 V. All measurements
were performed at the applied cell potential of Eap =+ 0.5 Vvs. ISAAC (Eap ~+ 0.7
V vs. Ag/AgCI (saturated KCI) reference electrode).The photodiode array detection
(PDA) experimental conditions were 190 nm < A <600 nm.

2.2.1 Electrochemistry

Differential pulse (DP) voltammetric experiments were carried out using an lvium
CompactStat potentiostat, Ivium, The Netherlands. Measurements were carried out
using a glassy carbon working electrode (GCE) with 1 mm diameter, a platinum wire
counter electrode and an Ag/AgCl (3 M KCI) reference electrode, in a 1 mL one
compartment electrochemical cell (eDAQ Products, Poland).

In order to ensure reproducible results, the GCE was submitted to a cleaning
procedure before each electrochemical assay, consisting in polishing with diamond
spray (particle size 1 uM, Kement, Kent, UK). After polishing, the GCE was rinsed
thoroughly with Milli-Q water, placed in buffer supporting electrolyte and various
DP voltammograms were recorded until a constant baseline voltammogram was
obtained. The experimental conditions for DP voltammetry were: pulse amplitude 50
mV, pulse width 100 ms, step potential 2 mV, and scan rate V=5 mV s™.

2.2.2 Spectrophotometry

The absorbance measurements were recorded on a U-2810 Spectrophotometer
Digilab® Hitachi with UV Solutions Program. The experimental conditions for
absorption spectra were: scan speed 400 nm/min, sampling interval 1.50 nm, and
path length 1 cm. All UV-Vis spectra were measured for 200 < A < 800 nm.

2.3 Sample preparation

Seventeen wine samples, from different red and white wine demarcated
Portuguese regions (Controlled Denomination of Origin - DOC), were purchased from
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local stores in Portugal, stored in the freezer at — 20°C, and the analyses carried out
within a few days. The wine samples were diluted to 2, 4, 6, 8 and 10% concentrations.
These concentrations were further diluted in the UV-Vis cuvette due to the addition of
the DPPH* solution and/or methanol during absorbance measurements resulting in
11 different concentrations which varied from 0.13 to 1.7 %. Each wine sample was
diluted (1:1) in the mobile phase A for the DP voltammetric measurements.

2.4 UV-Vis spectrophotometry and DPPH* assay

The radical scavenging activity of different fractions of wine, based on the
conversion (decolourization) of the stable 1,1-diphenyl-2-picrylhydrazyl (DPPH?®)
radical by wine antioxidants, was measured. The ability of samples to scavenge
DPPH-* radicals was determined by the Brand-Williams assay [28].

The DPPH-* stock solution was prepared daily, and a concentration of 90
MM, corresponding to 0.9 absorption at A = 516 nm, was used. Eleven different
concentrations of each wine, have been assayed in order to check the response
linearity, and to establish the antioxidant capacity in the suitable linear range. Briefly,
to 2.5 mL of DPPH* methanolic solution, an aliquot of 0.5 mL of methanol blank control
was added in order to reach a final volume of 3.0 mL. This procedure was repeated
for all analytical samples. The reaction solution was incubated for 15 min in the dark
at room temperature and measured at A = 516 nm. The total antioxidant capacity was

expressed as “efficient concentration” or EC_,, representing the amount of extract to

50’
produce 50 % of decolourization of DPPH?* relative to the methanol blank control.

3 | RESULTS AND DISCUSSION

The aim of this work was the evaluation of the phenolic composition and total
antioxidant capacity of seventeen wines, from different wine demarcated regions
(Controlled Denomination of Origin - DOC), in Portugal, electrochemical and DPPH*
radical scavenging measurements. The phenolic composition, was carried out. The
voltammetric method (El) was used for the determination of the total antioxidant
capacity, as well as the DPPH* radical scavenging due to the correlation found
between oxidation peak potential and EC, . This methods are fast and cheap and
allowed making the measurements under a variety of experimental conditions.

3.1 Electrochemical characterization of wine samples

The electrochemical behaviour of phenolic standard compounds was also
investigated for control and the results obtained are summarized in Table 1.
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Standard flavonoid Ep (V)

compounds Peak 1 | Peak2 | Peak 3 | Peak 4
1-Delphinidin Chloride - 0.5 0.6 0.9
2-Malvidin Chloride - 0.5 0.85 -
3-Catechin - 0.45 0.81 -
4-(-) -Epigallocatechin gallate - 0.6 - 0.95
5-(-)-epicatechin 0.2 0.45 0.85 -
6-Kuromanin chloride - 0.68 0.77 0.94
7-Peonidin-3-O-glucoside chloride - 0.55 0.75 0.9
8-Ferulic acid 0.45 0.69 0.75 -
9-Procyanidin A2 - - 0.7 0.95
10-Hyperoside - 0,58 - -
11-Quercetin-3-O-glucopyranoside - 0.57 - -
12-Rutin 0.31 0.36 - 1.01
13-Resveratrol 0.21 0.52 0.88 1.035
14-Fisetin - 0.52 0.85 -
15-Morin 0.25 0.45 - -
16-Quercetin dihydrate 0.23 0.47 0.58 -
17-Perlagodin Chloride 0.53 0.57 0.9 1.07
18-Peonidin Chloride - 0.5 0.9 -
19-Hesperidin 0.3 0.5 - -

Table 1: Standard phenolic compounds oxidation peak potentials, using GCE, obtained by DP
voltammetry.

In order to evaluate the total antioxidant capacity, the electrochemical behaviour
of red and white wine samples, in pH = 2.2, in order to maintain the flavylium cation
at a higher concentration, by DP voltammetry, at a GCE, was investigated, Figure 1.
The DP voltammetric assays, for each wine sample, under the same experimental
conditions as for catechin, were carried out, Figure 2.

The wine oxidation peaks, in the potential range from 0.410 0.8 V, are independent
of the wine type, corresponding to the oxidation of various polyphenolic compounds
with catechol groups in the B-ring of their structure, flavonoids such as catechin,
epicatechin, etc., Table 1, as well as, some phenolic acids, such as caffeic and ferulic
acids. The oxidation peaks in the potential range from 0.6 to 0.9 V, for red wines,
Figure 1A, correspond to the anthocyanins oxidation, as well as the second oxidation
peak of catechin and aldehydes.
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Figure 1. DP voltammograms in (A) white and (B) red wine samples, dilution (1:1), at GCE, in pH
=2.2. Scanrate 5mV s™.

The first peak for white wines and the second peak for red wines are due to
the oxidation of polyphenols with higher oxidation potentials, some phenolic acids
(p-coumaric and vanillic acids). However, the wine oxidation peaks occurring from
0.8 to 0.9 V are due to flavonoids and tannins that can be oxidized, as well as, the
hydroxyl group at position 3 in the flavonoids C-ring.

In the wines DP voltammograms three anodic peaks, were observed, Figure 1.
In the case of red wines, the first oxidation peak current was much higher than for the
white wines, this being in agreement with the catechin standard first oxidation peak,
P.., Figure 2. The first oxidation peak current was used to quantify the red wines
total antioxidant capacity. For red wines the second and third oxidation peak current,
are related to other antioxidants present in each different grape varieties, and the

currents were lower.

50 nA

0.0 02 0.4 06 08 1.0 1.2
E/V vs Ag/AgClI

Figure 2: DP voltammograms in 10 yM catechin, at GCE, in pH = 2.2: (-) first scan (-) second
scan, and (**) supporting electrolyte (s.e), scan rate 5mV s™.
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In the case of white wines the highest oxidation peak occured at a more positive
potential than for red wines, and with a oxidation peak current three times lower, when
compared to the first red wines oxidation peak currents, in agreement with white
wines less total antioxidant capacity than red wines, Table 2. A comparison between
the oxidation peak potentials obtained for the phenolic standards, Table 1, and those
obtained for the red and white wines, Table 2, showed a correlation between oxidation
peak potentials of the wine polyphenols and the phenolic standards.

Samples Year R?agign # v EC50 (%) E:n(:;;&/
Peak 1 | Peak 2 | Peak 3 | Peak 4
Catechin | - : : 0.45 | 0.81 -] 'onfg /)r;lo-s 0.206
1 2010 | Alentejo | 059 | 0.69 - - 0.55 0.317
2 2012 | Alentejo - 059 | 068 | 1.03 0.53 0.475
3 2013 | Bairrada | 0.36 | 0.6 - 1.01 0.56 0.280
4 2010 | Douro | 045 | 053 | 069 | 095 0.43 0.615
5 2012 | Douro | 048 | 054 | 077 | 1.03 0.40 0.110
6 2013 | Douro | 0.44 ] 070 | 0.97 0.37 0.146
7 2008 Dao 044 | 050 | 068 | 0.94 0.37 0.403
8 2010 Dao 041 | 047 | 064 | 0.2 0.37 1.851
9 2011 Dao 039 | 044 | 070 | 095 0.41 0.998
10 2012 Dao 042 | 048 | 065 | 0.91 0.39 2610
11 2008 Ii‘;'rri‘gr 040 | 048 | 068 | 095 0.37 0.297
12 2011 | Lisboa | 0.48 | 054 | 077 1.0 0.37 0.622
13 2013 | Lisboa | 0.38 | 045 | 062 | 089 0.36 0.965
14 2010 | Alentejo | 0.38 | 043 | 069 | 094 0.49 1.066
15 2011 | Alentejo | 051 | 058 | 073 | 1.04 0.42 0.203
16 2012 | Alentejo - 047 | 066 | 0.89 0.45 0.647
17 2013 | Alentejo | 045 | 052 | 069 | 094 0.49 0.644

Table 2. Oxidation peak potentials of catechin standard, white and red wines, using GCE, by
DP voltammetry, efficient concentration (EC, ) obtained by the DPPH* free radical assay, and
electrochemical quantitative index (EI).

3.2 Spectrophotometric characterization of wines samples

The total antioxidant capacity of the different red and white wines has been
determined using the DPPH* free radical scavenging assay, for different extract
concentrations, ranging from 0.13 to 1.7 %, and at different incubation times, from 0
to 15 minutes. Measuring the DPPH* absorbance decrease after 15 min incubation,
for each wine concentration, the EC_, was calculated, and the results were compared
with the catechin standard, Table 2. The results obtained for red and white wines, for
different concentrations, showed an increase of antioxidant capacity, and a decrease
in the radical absorbance till completion, Figure 3, Table 2.

The red wines presented the lowest radical scavenging ability, corresponding
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to the lowest EC,, Table 2. On the other hand, the EC,  and the El values differ
within red wines due to variables, such as: grape varieties, DOC regions, terroir,
alcohol content of wines, etc. It is very interesting finding that the three D&o wines
consistently presented high El values, as well as one Lisboa and one Alentejo wine.
The three white wines presented the highest radical scavenging ability, with an EC_
~ 0.55, Figure 3A, Table 2, corresponding to the lowest total antioxidant capacity.

In the case of the DPPH®* assay, the results represented the concentration of
wine, which contained the amount of antioxidants necessary for neutralization of 50%
of DPPH*. The electrochemical results gave information about the total antioxidant
capacity [38].

90 4
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Figure 3. DPPH radical scavenging activity (%) versus wine samples concentrations (%).

4|1 CONCLUSIONS

The Portuguese red and white wines total antioxidant capacity, by the
electrochemical quantitative index (El), and “efficient concentration” (EC, ), showed
that the total antioxidant capacity of white wines is much lower compared with that of
red wines, corresponding to the white wines lower content in phenolic compounds.

These results showed the excellent electrochemical detection sensitivity
and the method suitability for the detection of low levels of electroactive phenolic
compounds in red and white wines, and for the electrochemical determination of the
total antioxidant capacity.

REFERENCES

Arribas, A.S., Martinez-Fernandez, M., Chicharro, M. (2012). The role of electroanalytical techniques in
analysis of polyphenols in wine, TrAC, Trends Anal. Chem., 34, 78-96.

Berli, F.; D’Angelo, J.; Cavagnaro, B.; Bottini, R.; Wuilloud, R.; Silva, M. F. (2008). Phenolic

Estudos Interdisciplinares nas Ciéncias Exatas e da Terra e Engenharias 5 Capitulo 12




composition in grape (Vitis vinifera L. cv. Malbec) ripened with different solar UV-B radiation levels by
capillary zone electrophoresis. J. Agric. Food Chem., 56, 2892—-2898.

Cassano, A.; Caiazzo, F.; Drioli, E. (2017). Separation and purification of phenolic compounds from
pomegranate juice by ultrafiltration and nanofiltration membranes. J. Food Eng., 195, 1-13.

Chen, R.L.C., Lin,C.H., Chung,C.Y., Cheng,T.J. (2005). Determination of tannin in green tea infusion
by flow-injection analysis based on quenching the fluorescence of 3-aminophthalate. J. Agric. Food
Chem., 53, 8443-8446.

Fernandez-Pachon M.S., Vilano, D., Trancoso, A.M., Garcia-Parrilla, M.C. (2006). Determination of the
phenolic composition of sherry and table white wines by liquid chromatography and their relation with
antioxidant activity. Anal. Chim. Acta, 563, 101-108.

Galati, G. et al. (2002). Prooxidant activity and cellular effects of the phenoxyl radicals of dietary
flavonoids and other polyphenolics. Toxicology, 177, 91-104.

H. P. Hendrickson, A. D. Kaufman, C. E. Lunte. (1994). Electrochemistry of catechol-containing
flavonoids. J. Pharm. Biomed. Anal., 12, 325-334.

Heim, K.E., Tagliaferro, A.R., Bobilya, D.J. (2002). Flavonoid antioxidants: chemistry, metabolism and
structure-activity relationships. J. Nutr. Biochem., 13, 572-584.

I. P. G Fernandes, S. C. B. Oliveira, M. Ghalkhani, S. Shahrokhian, A. M. Oliveira-Brett.
Electrochemical Oxidation Mechanisms of the Antioxidants Daidzein and 7-Hydroxy-4-chromone.
Electroanalysis, 24, 618-626.

J. B. He, Y. Wang, N. Deng, X. Q. Lin. (2007). Study of the adsorption and oxidation of antioxidant rutin
by cyclic voltammetry—voltabsorptometry. Bioelectrochem., 71, 157-163.

K. Mishra, H. Ojha, N. K. Chaudhury. (2012). Estimation of antiradical properties of antioxidants using
DPPH. assay: A critical review and results. Food Chem., 130, 1036-1043.

Kahraman, A. et al. (2003). Protective effect of quercetin on renal ischemia/reperfusion injury in rats.
Journal of Nephrology, 16 219-224.

Kandaswami, C., Middleton Jr., E., (1994). Free radical scavenging and antioxidant activity of plants
flavonoids. Adv. Exp. Med. Biol., 366, 351-376.

L. P. Leong, G. Shui. (2002). An investigation of antioxidant capacity of fruits in Singapore markets.
Food Chem., 76, 69-75.

Magalhaes, L.M., Santos, M., Segundo, M.A., Reis, S., Lima, J. L. F. C. (2009). Flow injection based
methods for fast screening of antioxidant capacity. Talanta, 77, 1559-1566.

Mannino, S., Brenna, O., Buratti, S., Cosio, M.S. (1998). A new method for the evaluation of the
antioxidant power of wines, Electroanalysis, 10, 908-912.

Middleton, E., Kandaswami, C., Theoharides, T.C. (2000). The effects of plant flavonoids on
mammalian cells: implications for inflammation, heart disease, and cancer. Pharmacol. Rev., 52, 673-
751.

P. Molyneux. (2004). The use of the stable free radical diphenylpicrylhydrazyl (DPPH) for estimating
antioxidant activity. Songklanakarin J. Sci. Technol., 26, 211-219.

Sorata, Y., Takahama, U., Kimura, M., (1984). Protective effect of quercetin and rutin on the

Estudos Interdisciplinares nas Ciéncias Exatas e da Terra e Engenharias 5 Capitulo 12



photosensitized lysis of human erythrocytes in the presence of hematoporphyrin. Biochim. Biophys.
Acta, 799, 313-317

Spinola, V.; Pinto, J.; Castilho, P.C. (2015). Identification and quantification of phenolic compounds of
selected fruits from Madeira Island by HPLC-DAD-ESI-MS"and screening for their antioxidant activity.
Food Chem., 173, 14.

Villafo, D., Fernandez-Pachon, M.S., Moya, M.L., Trancoso, A.M., Garcia-Parilla, M.C. (2007). Radical
scavenging ability of polyphenolic compounds towards DPPH free radical, Talanta, 71, 230-235.

Katalinic, V., Milos, M., Kulisic, T. and Jukic, M. (2006). Screening of 70 medicinal plant extracts for
antioxidant capacity and total phenols. Food Chem., 94, 550-557.

Rao, P.S.; E. Hayon, E. (1975). Oxidation of aromatic amines and diamines by hydroxyl radicals.
Formation and ionization constants of amine cation radicals in water. J. Phys. Chem., 70, 1063-1066.

Estudos Interdisciplinares nas Ciéncias Exatas e da Terra e Engenharias 5 Capitulo 12




SOBRE O ORGANIZADOR

CLEBERTON CORREIA SANTOS- Graduado em Tecnologia em Agroecologia, mestre e
doutor em Agronomia (Producéo Vegetal). Tem experiéncia nas seguintes areas: agricultura
familiar, indicadores de sustentabilidade de agroecossistemas, uso e manejo de residuos
orgéanicos, propagacao de plantas, manejo e tratos culturais em horticultura geral, plantas
medicinais exéticas e nativas, respostas morfofisiologicas de plantas ao estresse ambiental,
nutricdo de plantas e planejamento e analises de experimentos agropecuarios.

(E-mail: cleber_frs@yahoo.com.br) — ORCID: 0000-0001-6741-2622

Estudos Interdisciplinares nas Ciéncias Exatas e da Terra e Engenharias 5 Sobre o Organizador




INDICE REMISSIVO

A

Acompanhante de parto 103
Algebra linear 47, 49, 50, 52, 53, 54, 55, 56
Aminas benzilicas 388, 389

Biodiesel 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148

C

Capacidade antioxidante 126

Construcao Civil 86, 87, 88, 98, 155, 157, 158, 163, 236, 237, 255
E

Energia solar 35, 36, 37, 38, 39, 40, 42, 43, 45, 46
Estatistica 12, 13, 14, 15,16, 17,18, 19, 20, 21, 22, 23, 24, 25, 46, 89, 95, 149, 153,
173, 215, 278, 360

F

Formacao docente 22, 24, 358, 364, 402, 403

G

Gestao do Conhecimento 248, 260, 366, 368, 370, 372, 373, 374

L

Letramento matematico 71, 72, 73, 74, 75, 77, 78

Liquido celomatico 175, 176, 177, 179, 180, 181, 182, 183, 184, 185, 186
M

Metatese 26, 27, 28, 29, 30, 31, 32, 33

Mdltiplas escalas 79, 80, 81, 82, 84

(0]

Ontologias biomédicas 113, 115, 120, 122

P

Perdas 3, 8, 9, 46, 141, 142, 146, 155, 156, 157, 158, 159, 160, 161, 162, 163

Estudos Interdisciplinares nas Ciéncias Exatas e da Terra e Engenharias 5 indice Remissivo




R

Redes Neurais 262, 264, 273

S

Secagem 35, 36, 37, 38, 39, 45, 46, 144, 289, 296
Sistemas lineares 50, 53, 188, 190, 192, 193

T

Teor de fibras 149, 150, 151, 153

\'}

Vermicompostagem 175, 176, 187

Estudos Interdisciplinares nas Ciéncias Exatas e da Terra e Engenharias 5 indice Remissivo




Agéncia Brasileira do ISBN
ISBN 978-85-7247-623-2

7885727476232






