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A B S T R A C T

The aim of this work was to recover phenolic compounds from grape skin from sparkling production in the
Brazilian semi-arid region, using conventional and non-conventional extraction methods Firstly, the effect of
solid:liquid ratio (1:3–1:17) and ethanol concentration (8–92%) on the phenolic content and antioxidant ca-
pacity of grape skin extracts obtained by mechanical agitation were evaluated. Solid:liquid ratio of 1:10 and 50%
ethanol were chosen as the most adequate conditions for phenolic compounds recovery. Then, in the selected
conditions, extraction kinetics using ultrasound-assisted and microwave-assisted extractions were determined
for comparison. Ultrasound-assisted extraction showed the best performance, resulting in an extract with a
phenolic content twice higher than the obtained by mechanical agitation, in a very shorter time (9 min).
Regarding phenolic profile, malvidin-3-O-glucoside was the main compound found in the extracts, followed by
quercetin, rutin, catechin and epicatechin.

1. Introduction

In the last decades, economic and environmental problems have
increased concerns with the big volume of wastes generated in food
industries. In this sense, one of the current challenges is the re-
classification of such wastes as “co-products” that can be reprocessed,
aiming to reduce their negative impacts, as well as to obtain high
added-value materials.

The wine industry generates a large amount of residues, which are
generally used as organic fertilizer or intended for animal feed.
Recently, viniculture has undergone significant changes around the
world, with the emergence of new regions, which have been recognized
for producing high quality wines. In Brazil, the excellent performance
of vineyards in the northeastern semi-arid region, since the decade of
1980, characterized the Lower Basin of San Francisco Valley as a new
frontier for expansion of the wine industry, in a very particular con-
dition, namely the production of grapes and wines under irrigated
conditions. This growth of the wine industry also resulted in higher
amount of generated waste.

The main wine industry’s residue is the grape pomace, which is

mainly composed by skin and seeds, being known by their high levels of
phenolic compounds (Fontana et al., 2013). The presence of these
bioactive compounds, which have antioxidant and antimicrobial ac-
tivity, adds value to these residues due to the potential for nobler ap-
plications, whether in food, pharmaceutical or cosmetic industries
(González-Centeno et al., 2010; Arvanitoyannis et al., 2006).

Several works have evaluated the recovery of phenolic compounds
from grape skin and seeds by different extraction methods. The most
traditional ones are the solid-liquid extraction by mechanical agitation
and Soxhlet extraction, generally using ethanolic or methanolic solu-
tions as solvents (Amendola et al., 2010; Hogan et al., 2010a; Yi et al.,
2009; Pinelo et al., 2005). However, due to the long extraction time
often required, these methods can cause hydrolysis and oxidation of the
compounds of interest (Wang and Weller, 2006). In this sense, some
non-conventional methods, such as ultrasound-assisted and microwave-
assisted extractions, have been proposed to extract bioactive com-
pounds from fruits and their byproducts, in a shorter time with higher
recovery capacity (Odabaş and Koca, 2016; He et al., 2016; Nayak
et al., 2015).

Ultrasound-assisted extraction is a relatively simple process that
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represents a slight modification of the conventional stirred method. The
effects of ultrasound are mainly related to the cavitation phenomenon,
which involves the implosion of bubbles formed in the liquid medium.
This implosion generates fast adiabatic compression of gases and vapors
inside the bubbles, resulting in high temperatures and pressures that
favors solvent penetration and increases the transport between the solid
matrix and the liquid phase (Luque De Castro and Priego-Capote,
2007).

In microwave-assisted extraction, electromagnetic waves penetrate
materials and interact with polar groups, causing heat generation and
thus promoting the heating of both the solid and the solvent.
Microwave heating is based on ionic conduction and dipole rotation,
which cause friction and collisions between ions and dipoles (Zhang
et al., 2011). As a consequence, solvent penetration is favored, resulting
in the alteration and or disruption of cells structure, which makes easier
the extraction of bioactive compounds (Wang and Weller, 2006).

The objective of this work was to compare the extraction of phenolic
compounds from grape skin from the Brazilian semi-arid region, using a
conventional (mechanical agitation) and two non-conventional (ultra-
sound-assisted and microwave-assisted extractions) methods. Firstly,
the effect of ethanol concentration and solid:liquid ratio on the phenolic
content and antioxidant capacity of grape skin extracts obtained by
mechanical agitation were evaluated. Then, in the selected conditions,
extraction kinetics using ultrasound-assisted and microwave-assisted
extractions were determined for comparison. Finally, all the extracts
were characterized for their phenolic profile.

2. Material and methods

2.1. Material

Red grape pomace from sparkling production was provided by Ouro
Verde winery (Casa Nova, Bahia, Brazil). The pomace was dried at 60 °C
in a tray dryer for 24 h. The dried sample was processed in a Bonina
depulper 0.25 df (Itametal, Itabuna, Brazil), where the seeds were re-
tained in the strainer. The skin was then ground in a LM 3600 hammer
mill (Perten Instruments AB, Huddinge, Sweden), resulting in a “flour”
with average diameter of 270.8 ± 26.4 μm, which was used for the
extraction assays.

Ethanol (Vetec, Rio de Janeiro, Brazil) and distilled water were used
for extraction. The reagents used for analysis of phenolic compounds
and antioxidant activity – Folin-Ciocalteau reagent, ABTS+, K2SO5,
Trolox, AAPH, fluorescein – were purchased from Sigma-Aldrich (St.
Louis, USA), except sodium bicarbonate (Alphatec, Macaé, Brazil),
formic acid (Merck, New Jersey, USA), phosphoric acid, methanol and
acetonitrile (Tedia, Fairfield, USA). The standards used for flavonoids
and phenolic acids determination – catechin, epicatechin, rutin, quer-
cetin, myricetin, kaempferol, isorhamnetin, galic acid, protocatecuic
acid, p-coumaric acid, elagic acid and vanilic acid – were purchased
from Sigma-Aldrich (St. Louis, USA).

Standards of the 3-glucosides of malvidin, petunidin, peonidin,
delfinidin and cyanidin were isolated from natural sources, with pu-
rities greater than 99% (Gouvêa et al., 2012). Isolation was made at the
Liquid Chromatography Laboratory of Embrapa (Rio de Janeiro,
Brazil), according to the methodology described by Gouvêa et al.
(2012) and Santiago et al. (2014).

2.2. Conventional extraction by mechanical agitation (CVE)

Hydroethanolic extraction was performed in an incubator with or-
bital shaking 430/RDBP (Nova Ética, Vargem Grande Paulista, Brazil)
at 200 rpm and 30 °C, for one hour. After extraction, suspended solids
were removed by vacuum filtration through qualitative filter paper and
the extracts were stored at −20 °C until analysis. A rotatable central
composite design was used to define the best extraction conditions,
considering two factors (independent variables): solid:liquid ratio (1:3

to 1:17) and ethanol concentration (8–92%). Five levels of each vari-
able were chosen for the trials (Table 1), including the central point and
two axial points, giving a total of 11 combinations (Table 2). The fol-
lowing polynomial equation was fitted to data:

y = β0 + β1 × 1 + β2 × 2 + β11 × 1
2 + β22 × 2

2 + β12 × 1x2 (1)

Where βn are constant regression coefficients; y is the response (total
phenolic content or antioxidant capacity), and x1 and x2 are the coded
independent variables (solid:liquid ratio and ethanol concentration,
respectively).

The analysis of variance (ANOVA), test for the lack of fit, determi-
nation of the regression coefficients and the generation of three-di-
mensional graphs were carried out using the Statistica 7.0 software
(StatSoft, Tulsa, USA).

The best processes conditions were selected based on total phenolic
content and antioxidant capacity, being then used in the extractions by
non-conventional methods (ultrasound and microwave-assisted ex-
tractions). The phenolic extraction kinetics using the different methods
was evaluated.

2.3. Ultrasound-assisted extraction (UAE)

UAE was performed by ultrasonic irradiation using a high-intensity
ultrasound processor model UIP1000hdT (Hielscher Ultrasonics,
Teltow, Germany). The ultrasound was equipped with a sonotrode
BS2d18 (head area of 2.5 cm2) and a booster B4.18, magnifying the
working amplitude. Sonication was performed at 20 kHz, with an ul-
trasonic power density of 1000 W/L and initial temperature of
28 ± 3 °C monitored by a thermo sensor. The sonotrode was immersed
2 cm into the extraction solution. Extractions were performed in tri-
plicate. After pre-determined interval times, aliquots of the extract were
taken and suspended solids were removed by vacuum filtration for
further analysis.

2.4. Microwave-assisted extraction (MAE)

MAE was performed in a Provecto Analítica microwave oven
(Jundiaí, Brazil), working at a frequency of 2458 MHz, at the same
power density used for the ultrasound-assisted extraction (1000 W/L).
Extractions were performed in triplicate. After pre-determined interval
times, aliquots of the extract were taken and suspended solids were
removed by vacuum filtration for further analysis.

2.5. Analytical methods

2.5.1. Total phenolic content
Total phenolic content (TPC) was determined with the Folin-

Ciocalteu reagent according to the method described by Georgé et al.
(2005). Briefly, 2.5 ml of the Folin-Ciocalteu reagent were added to
500 μl of the extracts, diluted in the extraction solution when necessary.
The mixture was incubated for two minutes at room temperature. Then,
2 ml of sodium bicarbonate 7.5% was added and the mixture was in-
cubated at 50 °C for 15 min, when the tubes were cooled and absor-
bance was read at 760 nm. For determination of total phenolic content,
a galic acid standard curve with concentrations from 0 to 100 mg L−1

was used (y = 0.0132x − 0.0756; R2 = 0.998). Tests were made in
triplicate and results were expressed in mg galic acid equivalent (GAE)
per g of grape pomace.

Table 1
Codified independent variables.

Variables −1.41 −1 0 +1 +1.41

Solid:liquid ratio 1:3 1:5 1:10 1:15 1:17
Ethanol concentration (%) 8 20 50 80 92

T.W. Caldas et al. Industrial Crops & Products 111 (2018) 86–91

87



https://isiarticles.com/article/117048

