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Abstract: Agro-industrial by-products and by-products from the wine industry (pomace, peels,
leaves, stems, and seeds) represent a potential economic interest because they are usually relevant
natural sources of bioactive compounds, which may present significant biological activities related to
human health and well-being. This article aims to review wine and winery industry by-products as
potential natural sources of antioxidant, antimicrobial, anti-inflammatory, antiaging, and anticancer
compounds, as well as briefly highlighting the extraction methods used to obtain these bioactive
compounds and explore their potential applications in the food, cosmetic, and packaging industries.
Although there are some studies of wine industry by-products with different origins, this revision
will be mainly focused on the Portuguese vineyard industry since it represents an import industrial
sector as proof of the diversity of the bioactive compounds identified. Therefore, the recovery of these
bioactive molecules that act as antioxidants and health-promoting agents may promote a variety of
industries at the same time as the circular economy.

Keywords: by-products; efficiency; polyphenols; winemaking; circular economy

1. Introduction

The agro-industrial sector generates approximately 1.3 billion tons per year of food
by-products, according to the Food and Agriculture Organization of the United Nations
(FAO) [1]. Currently, these by-products are used as animal feed or are disposed of in the
field, and most are discarded without treatment, causing environmental concerns [2–5].
However, agro-industrial by-products can be highly valuable due to their abundant sources
of bioactive compounds, which have a wide range of applications and can add value to
the cosmetic, pharmaceutical, and food industries. Among these bioactive compounds,
polyphenols are well recognized compounds with committed biological activities that
contribute to preventing oxidative reactions and, consequently, related processes and
diseases, such as inflammatory processes and cardiovascular diseases, among others [6,7].
Therefore, studies on the development of strategies and processes towards the use and
valorisation of plant agro-industrial by-products have been increasing in recent years,
arousing the interest of food scientists and the food industry [8,9]. Among the various
agro-industrial by-products produced, the by-products of viticulture stand out because
these by-products (grape pomace, skins, and seeds) are rich sources of phenolic compounds
that represent high potential economic interest. The wine sector is one of most productive

Appl. Sci. 2023, 13, 7754. https://doi.org/10.3390/app13137754 https://www.mdpi.com/journal/applsci

https://doi.org/10.3390/app13137754
https://doi.org/10.3390/app13137754
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0002-2063-6052
https://orcid.org/0000-0003-3186-033X
https://orcid.org/0000-0003-4175-2498
https://orcid.org/0000-0002-0760-3184
https://orcid.org/0000-0003-3162-4396
https://doi.org/10.3390/app13137754
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app13137754?type=check_update&version=2


Appl. Sci. 2023, 13, 7754 2 of 26

and important agro-industries in the world. Every year, 259.9 million hl of wine are
produced around the world, leading to the generation of 20 million tons of biological
by-products [10,11].

For millennia, grapes have been a crucial fruit crop, revered by ancient civilizations for
their role in the art of winemaking. They hold a special place in history as one of the oldest
and most significant crops [12]. There exist about 2000 different grape varieties grown
around the world. According to the International Organization of Vine and Wine (OIV),
grape production in 2018 was 77.8 million tons globally. Of this production, 7% was con-
verted to dried grapes, 36% were destined to be table grapes, and 57% of cultivated grapes
have been used for winemaking processes [13,14]. Wine is one of the most widely produced
beverages in the world, and its global production in 2018 was approximately 294 million
hectolitres (MhL), while in 2020, 2021, and 2022, approximately 262, 260 [13] and 259.9 MhL
were produced for each year, respectively [15]. Specifically for Europe, in 2021, the top
five wine producers were Italy (44.5 MhL), Spain (35.0 MhL), France (34.2 MhL), Germany
(8.8 MhL), and Portugal (6.5 MhL) [13]. In 2021, the weather conditions did not favour
grape growers in the European Union (EU), and wine production was estimated at 145 MhL
(excluding juices and musts). Portugal, Germany, Romania, and Hungary were the only
EU countries that recorded harvests greater than 2020 [13]. On average, about 30% of the
grapes used for wine production become by-products, making this sector a good source of
natural bioactive compounds [3,16–19]. These by-products are composed of vitamins, phe-
nolic compounds (tannins, phenolic acids, anthocyanins, and resveratrol), water, proteins,
lipids, carbohydrates, minerals, and compounds such as fiber [20]. Their concentration
depends on the type of cultivars and climatic conditions of cultivation [21–24]. Some of
these compounds present biological activities, such as antioxidant properties, and can be
used in the food, pharmaceutical, and cosmetics industries [25–27]. In addition, several
scientific studies are demonstrating the influence of bioactive compounds extracted from
wine processing by-products on various diseases. Sahpazidou et al. [28] reported that the
bioactive compounds from grape stem had an anti-carcinogenic effect against colon, breast,
and kidney cancers. Researchers have discovered valuable compounds in grape stems that
possess strong antioxidant properties and antimicrobial abilities [29]. Haas [30] analyzed
grape pomace, which was of interest because the use of trans-resveratrol is associated
with its anti-inflammatory and anticancer activities and cardioprotective, neuroprotective,
and antioxidant effects. Various traditional and modern techniques are commonly em-
ployed to extract the essential bioactive compounds [31]. Emergent techniques are usually
more advantageous, as they are less time-consuming and more environmentally friendly
than conventional extraction methods, which have higher solvent volume consumption
(usually with higher toxicity), lower extraction efficiency, and environmental disposal
concerns [32,33]. The use of these technologies holds great promise in extracting high value-
added compounds, particularly from winery by-products [34,35]. Ultrasound-assisted
extraction (UAE), microwave-assisted extraction (MAE), or pressurized solvent extraction
(PSE) are examples of some technologies that have been studied to improve extractions
that also take into account the increasing application of green chemistry and so-called
eco-friendly methods/techniques [36].

The recycling and reuse of winery by-products into high value-added compounds
are imperative to promote the circular bioeconomy of the sector. The main goal of this
review is to provide updated information on the bioactive compounds that can be extracted
from by-products generated by the wine sector industries, through conventional and non-
conventional technologies. In the following sections, we review the importance of bioactive
compounds and some conventional and emerging extraction technologies that can be used
to obtain them. Finally, the literature on bioactive compounds present in by-products of the
wine industry of the last five years were reviewed in detail and with a focus on the work
carried out in Portugal. The practical application of bioactive compounds derived from
wine industry by-products was also explored, as well as a future perspective the circular
bioeconomy context.
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2. Characterization of the Grape Cluster and Vinification Processes

In grapevines, berries are attached to the stem to form a grape cluster, as shown in
Figure 1. The berries consist of 85 to 92% of pulp, 6 to 12% of skin, and 2 to 5% of seed. The
pulp consists of 65 to 85% of water, 12 to 25% of reducing sugars, 0.6 to 1.4% of organic
acids, 0.25 to 0.5% of mineral substances, 0.05 to 0.1% of nitrogen compounds, and various
water-soluble and fat-soluble vitamins [37]. Grape seeds are approximately 40% fiber, 16%
lipids (oil), 11% protein, 7% phenolic compounds (mainly tannins), sugars, mineral salts,
etc. In addition, grape seeds have a large amount of monomeric phenolic compounds, such
as (+)-catechin, (-)-epicatechin, and (-)-epicatechin-3-O-gallate, and dimeric, trimeric, and
tetrameric procyanidins [7,38]. Grape skin is a source of anthocyanidins and anthocyanidin
natural dyes and has antioxidant properties and antimutagenic activities [39], as cited
by the author of [40]. Anthocyanins are mainly found in grape skin [40]. Anthocyanins
can react with the flavonols to produce more stable pigments, either directly or through
different aldehydes. The color intensity depends on the anthocyanins’ type, concentration,
pH, degree of polymerization, etc. [41]. Flavan-3-ol is a significant group of phenolic
compounds that contribute to the darkening process of grapes and wine. They also interact
with anthocyanins to stabilize the color of red wine [42,43].
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Figure 1. The grape cluster and berry morphology: 1. stem; 2. berries; 3. seed; 4. pulp; 5. skin. Created 
by the authors using BioRender (https://biorender.com). 

The stem is formed by the frame of the grape cluster that supports the fruit. The stem 
represents 3 to 7% of the grape cluster total [44]. It is a main residue produced during the 
winemaking process, and also has a high content of lignocellulosic material [45]. It 
contains a high concentration of tannins, which, if chewed, have a rough and astringent 
taste. Conveniently, the tannins present in the stem are not incorporated into the wine, 
and the grape should be destemmed before being pumped into the fermentation tanks. 

The main difference between white and red wine is that white wine is generally made 
from white grapes, but it can also be made from pink and red grapes. In this case, it is 
necessary to separate the liquid immediately from the solid phase, which contains the 
pigments responsible for the color. On the other hand, red wine is made only from red 
grapes. Figure 2 shows the winemaking process for white and red wine. Grapes are 
harvested, destemmed, and crushed. After that, the proper wine elaboration starts and 
17% of the total weight of grapes used in the wine-making process are discarded (skins, 
seeds, stem, and lees, represented in step 3; see Figure 2) [46]. 

Figure 1. The grape cluster and berry morphology: 1. stem; 2. berries; 3. seed; 4. pulp; 5. skin.
Created by the authors using BioRender (https://biorender.com).

The stem is formed by the frame of the grape cluster that supports the fruit. The stem
represents 3 to 7% of the grape cluster total [44]. It is a main residue produced during
the winemaking process, and also has a high content of lignocellulosic material [45]. It
contains a high concentration of tannins, which, if chewed, have a rough and astringent
taste. Conveniently, the tannins present in the stem are not incorporated into the wine, and
the grape should be destemmed before being pumped into the fermentation tanks.

The main difference between white and red wine is that white wine is generally made
from white grapes, but it can also be made from pink and red grapes. In this case, it is
necessary to separate the liquid immediately from the solid phase, which contains the
pigments responsible for the color. On the other hand, red wine is made only from red
grapes. Figure 2 shows the winemaking process for white and red wine. Grapes are
harvested, destemmed, and crushed. After that, the proper wine elaboration starts and 17%
of the total weight of grapes used in the wine-making process are discarded (skins, seeds,
stem, and lees, represented in step 3; see Figure 2) [46].

https://biorender.com
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structure, body, and originality, as well as the claimed health properties [48]. In the 
production of red wine, maceration is followed by the inoculation of yeasts and alcoholic 
fermentation before the material is pressed and bottled. The inoculum consists of 
commercial yeasts produced in the laboratory that are selected for their fermentative 
behavior and the metabolites they produce. The inoculum helps the yeast perform more 
evenly and correctly, overcoming the deficiencies of the must and the needs of the yeast. 

Figure 2. Vinification process. By-products obtained during wine processing: (a) stem, (b) grape
pomace, and (c) lees. * By-products’ percentages are indicated in reference to the mass of grapes used
in the manufacture of wine.

During maceration, the skin of red grapes is the source of extraction for anthocyanins
and other phenolic compounds [47]. These phenolic compounds give the wine color, struc-
ture, body, and originality, as well as the claimed health properties [48]. In the production
of red wine, maceration is followed by the inoculation of yeasts and alcoholic fermen-
tation before the material is pressed and bottled. The inoculum consists of commercial
yeasts produced in the laboratory that are selected for their fermentative behavior and the
metabolites they produce. The inoculum helps the yeast perform more evenly and correctly,
overcoming the deficiencies of the must and the needs of the yeast. The so-called malolactic
fermentation follows the second fermentation. After that, there is an aging period before
the final stages.
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For white wine production, the grapes are first pressed and clarified, then alcoholic
fermentation is allowed, avoiding the maceration step, followed by wine racking and aging
in the tank [49]. Once malolactic fermentation begins, both wines are handled similarly.
Indeed, they are clarified and stabilized by reducing the tartaric salts, then they are filtered
and bottled (Figure 2).

The first residue generated during winemaking is the grape stem, which is accumu-
lated during the destemming step. As described above, the pressing of the grape depends
on the type of wine [49]. This step can occur before the alcoholic fermentation or after the
yeast-driven fermentation for white and red wines [50]. Pressing gives rise to the grape
pomace, also known as grape pomace. Wine lees are produced after the racking stages,
i.e., twice during red wine production and only once during white winemaking. The final
steps in winemaking involve the fining and clarification process, which typically leaves
by-products known as fining sediments. Then, the wine is stabilized, i.e., the excessive
tartaric salts are removed through cooling or other methods, leading to tartrate sediments.
Finally, filtration of the product allows the collection of the filtrated by-products [51]. In
every step mentioned, wastewaters are generated and may contain grape pulp leftovers,
skin, and seeds, and various compounds used in the filtration, precipitation, and cleaning
processes [52].

Grape pomace accounts for about 69% of the total residue produced, while stems
account for 13% and lees for 17% [53]. Considering these values and the total Portuguese
wine production in 2021, 124.0 Mkg of grape pomace, 23.4 Mkg of stems, and 30.6 Mkg
of lees were generated [13]. Wine lees and pomace are considered by-products according
to the European Council Regulation (EC) N◦ 479/2008 on the typical organization of the
market in wine [54]. Therefore, they may be used as substrates in distilleries to obtain
alcohol and tartrates. After distillation, vinasse and, once again, more winery wastewater
remains as the liquid by-products. There is also a solid residue known as exhausted marc
that is produced. The aerobic depuration of vinasse and wastewaters gives rise to another
solid waste: the winery sludge [49]. The liquid and solid by-products generated in the
wineries and distilleries typically have acidic pH and a high organic content consisting
of polyphenols. Several relevant minerals are present, including sodium, potassium,
phosphorous, and even heavy metals [55].

3. Bioactive Compounds in Wine By-Products

Bioactive compounds refer to a diverse range of phytochemicals that are produced
through secondary metabolism in plants. Plants produce primary metabolites, such as car-
bohydrates, proteins, and fats, to sustain vital life processes, such as growth, development,
respiration, storage, and reproduction. Additionally, they create secondary metabolites,
including glucosinolates, carotenoids, or polyphenols, to protect themselves from external
abiotic factors, such as light and water scarcity, as well as to ward off pathogens and
communicate with other plants [56–60]. Polyphenols are the primary bioactive compounds
found in grapes and their by-products. In recent decades, these compounds have gained
significant interest from the scientific community and various industries, such as food,
pharmaceutical, and cosmetics (Sections 4.1–4.3). Utilizing winemaking by-products as a
source of polyphenols is a promising strategy to elevate the worth of these by-products [61].

The chemical compounds known as polyphenols are intricate structures made up of
one or more aromatic rings. They can have different levels of hydroxylation, methylation,
and glycosylation, which affect the fruit’s color, astringency, and bitterness [62–64]. There
are two classes of grape polyphenols that are distinguished by the number of phenolic rings
and the type of structural unit that binds them together. These classes are non-flavonoid and
flavonoid [65,66]. Non-flavonoid includes stilbenes and phenolic acids subclasses, while
the flavonoid class is subdivided into flavanols, flavonols, and anthocyanidins subclasses.

The profile of polyphenols in wine varies greatly depending on the grape variety, aging,
ripening stages, climatic and geographical conditions, and cultivation practices [34,67–69].
Grape varieties are distinguished by their different properties, including their ability to
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form specific organic compounds and their more remarkable ability to produce particular
amounts of these components [70,71].

Grape is one of the fruits with the highest antioxidant compounds present in large
amounts in the skin, pulp, and seeds [40]. Therefore, solid by-products, such as grape
skin, grape pomace (skins and seeds), and stems, among others, obtained from industrially
processed grapes, are of great economic interest [72]. The grape skin, considered a solid
residue from grape processing for juices and wine production, may contain different but
significant concentrations of polyphenols and available antioxidants [70,71]. The grape
pomace consists of the skins and seeds, considering that the stem is separated in the
previous stage, called disengage [73]. Grape pomace is considered of high economic interest
due to its alcoholic and tartaric richness but also because of its physical components. Grape
pomace is also a rich source of phenolic acids, colored anthocyanins, flavonoids, and tannins.
The bioactive compounds extracted from grape by-products tend to differ in composition
based on several factors, including the grape variety, processing method, environmental
conditions, and the proportions of bark, seeds, and cuttings utilized [74,75] (Table 1).
Moreira et al. [21] extracted 33.7 mg GAE.g−1 of phenolic compounds from the stem residue
of the TR variety from the Douro region, while Gouvinhas et al. [23] obtained a much higher
concentration between 78.02 and 103.49 mg GAE.g−1 for ‘Moscatel’ grape stem samples of
the lower altitude Douro regions. Gouvinhas et al. [24] extracted 42.04 to 96.29 mg GAE.g−1

and 29.46 to 76.20 mg CAT.g−1 of total phenolics and flavonoids, respectively, also from
the stem (Table 1). Gouvinhas and Barros [76] compared the content of the phenolic
compounds and flavonoids in wine lees from the Douro region of two different varieties.
They found that the content of phenolics and flavonoids was higher in the ‘Tinta Barroca’
variety, 125.39 mg GAE.g−1 DW and 128.34 mg CAT.g−1 DW, respectively, compared to
the ‘Sousão’ variety, which are traditionally cultivated in the Região Demarcada do Douro,
in northern Portugal, at 15.44 mg GAE.g−1 and 18.50 mg CAT.g−1 DW, respectively. The
same authors also determined the concentration of these compounds in the pomace and
stems, and they found no significant difference between the two varieties in terms of the
phenolic and flavonoid content. The stems of the ‘Tinta Barroca’ variety were the residue
that presented the highest content of phenolic compounds and flavonoids, and this extract
also presented greater antioxidant activity. Peixoto et al. [77] analyzed the extract from three
different wine residue samples, pomace, skin, and seeds, and found that the skins have
a higher concentration of anthocyanins and the seeds have a higher content of phenolic
compounds, as well as higher antioxidant, cytotoxic, and antibacterial potentials.

3.1. Extraction Methods of Bioactive Compounds

The extraction is a unit operation that aims to separate the compounds from different
matrices, solid or liquid, by chemical, physical, and/or mechanical methods [78]. The
most critical factors in an extraction process are the type of solvent, the process conditions
(temperature, pH, and the ratio between the solvent and the plant matrix), and the proper-
ties of the plant material (composition and particle size) [79]. The solvents used and their
polarity can affect the transfer of electrons and hydrogen atoms, which is a critical aspect
in the extraction of polyphenols and may affect the extraction yield and their antioxidant
capacity [80].

3.1.1. Conventional Extraction Methods

Conventional extraction techniques can be used to extract bioactive compounds from
by-products of the wine industry. The effectiveness of the extraction process depends
on commonly used traditional extraction techniques of solid–liquid extractions, such
as pressing, Soxhlet extraction, maceration, decoction or infusion, and steam-dragging
extraction/hydro-distillation [77,81–83]. These methodologies represent an essential part of
many industrial processes and involve a series of analogous and successive phases between
the plant particle containing the solute and the solvent. The process of extracting com-
pounds from solid material involves several steps, including the introduction of a solvent
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into the matrix, the dissolution of the compounds, the movement of the dissolved substance
from inside to outside the matrix through diffusion, the transfer of the compounds from
the particle’s external surface to the solvent via convection, and, finally, the separation of
the extract from the solvent through evaporation, if the solvent has a lower boiling point
than the extracted compound [84–86].

Although these conventional techniques have been used to extract bioactive com-
pounds from wine by-products [77,81–83], they have some associated problems, such as
high energy consumption for the heating process, which can also result in the degradation
of thermolabile compounds [34], or the use of hazardous solvents [87].

3.1.2. Emerging Extraction Methods

Promising new ‘green’ and advanced extraction techniques are being developed and
applied to bioactive extraction from wine by-products (Table 1) to overcome conventional
extraction limitations by increasing the overall yield and the selectivity of bioactive compo-
nents from plant materials without fragmenting the treated tissue, reducing the subsequent
purification steps and achieving a cleaner and safer extraction [88–90]. Some of the most
promising new methods are microwave-assisted extraction (MAE), high-pressure extrac-
tion (HPE), pulsed electric fields extraction (PEFE), ohmic heating (OH), pressurized hot
water extraction (PHWE), supercritical fluid extraction (SFE), ultrasound extraction (UAE),
and the use of natural deep eutectic solvents (NADES) [34,87,91–95]. Recent studies have
proven the success of using these methods for the extraction of bioactive compounds from
wine by-products [87,91,96,97].

Microwave-assisted extraction (MAE): This is a process that utilizes temperature
to extract polar compounds. Essentially, electromagnetic energy within the frequency
range of 300 MHz and 300 GHz is converted into heat through ionic conduction and
dipole rotation [34,98]. The advantage of this method is heating for the extraction of the
compounds. However, this may also be a disadvantage for the extraction of thermosensitive
compounds. Other advantages include reduced thermal gradients, reduced equipment size,
and increased extract yield [99,100]. Rocha and Noroña [94] used an acidic aqueous solution
with 2% citric acid as a solvent to separate the phenolic compounds from grape pomace,
using both UAE and MAE. The results show that for both extraction methods, the content
of the total phenolic compounds and the antioxidant activity measured by ABTS and DPPH
increased with time, highlighting that MAE provided the best condition for extraction.
Pezzini et al. [97] produced bioactive-enriched extracts from grape juice by-products using
three different methods (UAE, MAE, and liquid–liquid). Among the methods studied, the
MAE of grape juice by-products using polar solvents, such as ethanol and water, provided
the best yield and chemical composition, obtaining flavonoid-rich extracts.

High-pressure extraction (HPE): This method is based on two principles: (1) the
isostatic principle, which states that, regardless of the size and geometry of the material, the
pressure acts uniformly, instantaneously, and homogeneously in all directions and (2) the
principle of Le Chatelier, in which, for each phenomenon, when the volume decreases, the
pressure is increased/decreased, bringing the system to a new state of equilibrium [101,102].
In HPE, heat is not used in order to avoid its deleterious effects on bioactive compounds and,
consequently, preserve their biological activities [103]. When subjected to high pressures
ranging from 100 to 800 MPa or even up to 1000 MPa, the matrices may undergo structural
changes. These changes include the destruction of plant tissues, protein denaturation,
cellular deformation, damage to cellular membranes and organelles, and an increase in
solvent transfer into the materials and the soluble components into the solvents [103–106].
Putnik et al. [107] performed the extraction of anthocyanins from grape skin pomace using
HPE. They tested the use of different concentrations of water/ethanol and water/methanol
solutions but concluded that the type of solvent used did not have a significant influence
on the extraction yield. However, increasing the percentage of the solvent in the water
favored this process and increased the temperature from 22 to 30 ◦C. On the other hand,
increasing the pressure up to 500 MPa had no significant effect on the process yield. These
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authors verified that 55.7% of the anthocyanins present in the extracts were malvidin and
the optimal conditions for their extraction were 268 MPa at 30 ◦C for 3.3 min.

Ohmic heating (OH): This is based on alternating current used for internal heat
generation [93]. Moreover, this technique is associated with less aggressive heat treatments
than conventional methods, as it can heat materials uniformly and rapidly, avoiding the
denaturation of thermosensitive substances, including phenolic compounds [108,109]. For
example, El Darra et al. [110] applied OH pre-treatment (50 ◦C and 400 or 800 V.cm−1)
to extract polyphenols from red grape pomace and found that under the same extraction
conditions (30% ethanol at 50 ◦C for 60 min), the polyphenols yield increased from 440 to
620 mg GAE.100 g−1 DW with the pre-treatment.

Pulsed electric fields (PEFE): Electric fields are applied to a material placed between
two electrodes. The pulse amplitude ranges from 100–300 V.cm−1 to 20–80 kV.cm−1 [111].
Typically, PEFE is performed at ambient temperature or slightly higher than the ambient
temperature for a treatment time less than 1 s (ms or µs) [112,113]. The exposure of
plant cells to a specific electric field can result in damage to the cell membranes, causing
temporary (reversible) or permanent (irreversible) pore formation. This process is referred
to as ‘electroporation’. PEFE was used to study the extraction efficiency of polyphenols from
two grape varieties (white—Muscat Ottonel and red—Pinot Noir). The authors showed
that the application of PEFE significantly increased the content of the total polyphenols
and flavonoids and the antioxidant capacity. In addition, PEFE in combination with a
homogenization step leads to a significant increase in bioactive compounds and antioxidant
capacity compared to PEFE-treated samples of crushed grapes [114].

Supercritical fluid extraction (SFE): This method uses the solvation of the compounds
of interest in a solvent maintained above its critical pressure and temperature. The solvent
is immediately recovered when the system returns to atmospheric conditions. One of
the most commonly used supercritical fluids is CO2. It is a green solvent that is cheap,
environmentally friendly, easy-to-reach critical point (31 ◦C and 7.4 MPa), non-flammable,
non-toxic, and non-carcinogenic [115]. The advantages of this method are a short extraction
time, a low amount of solvent required, that it is environmentally friendly, and provides
rapid solvent recovery. The main disadvantages are related to the high cost of the equipment
and operation and complex optimization [116–118].

Pressurized hot water extraction (PHWE): This is a non-conventional method based
on the extraction of molecules using hot liquid water as a solvent. To use this method, one
must have both high temperature and pressure, exceeding 100 ◦C and 0.1 MPa, respectively
(which is the boiling point of water at atmospheric pressure), but remaining below the
critical point values (374 ◦C, 22.1 MPa). If water is used as a solvent, the PHWE method
can be referred to by several names, including subcritical water extraction, superheated
liquid extraction, pressurized liquid extraction, or accelerated solvent extraction [34,119].
Otero-Pareja et al. [120] compared two extraction processes for the recovery of antioxidants
from grape pomace. They compared PHWE (mixture of 50% ethanol–water, 9 MPa, 120 ◦C
for 90 min) and supercritical CO2 extraction (55 ◦C, 10 MPa, and 20% ethanol). It was found
that the total yield and the yield of anthocyanins and phenolic compounds extracted were
higher when the pressurized ethanolic solution was used. This process was more efficient
in terms of the phenolic concentration and antioxidant activity. Pedras et al. [121] optimized
the temperature of the extraction process of carbohydrates and phenolic compounds of
grape pomace with PHWE. The experiment, which led to a higher concentration of the
phenolic compounds (2.6 g.100 g−1 of grape pomace) and a more significant carbohydrate
recovery (85%), was carried out at 210 ◦C and 10 MPa.

Ultrasound (UAE): An ultrasound can be utilized to enhance heat and mass transfer in
plants by breaking down their cell walls through the cavitation effect [122]. UAE promotes
greater solvent penetration into the cell material and shorter processing and residence times,
resulting in better extraction yields and reproducibility. It also minimizes the use of solvents
and emulsifier consumption, provides high extraction throughput, extraction of heat-labile
components, significant savings in maintenance, lower energy requirements for extraction,
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and promotes a more eco-friendly and cost-effective processing method [111,122,123].
UAE can be easily combined with existing equipment as part of the technological plant
or, if necessary, set up as a new production line [34,124]. This extractive method was
used by some authors in recent studies to recover phenolic compounds from winery
residues [125–127]. Frum et al. [128] appointed Nicolai et al. [95] to use the UAE method to
determine the total phenolic compounds that constitute different wine by-products from
the Alentejo and Ribatejo regions. They found that the concentration ranged between 0.16
and 1.93 mmol GAE.g−1 of the extract. González-Centeno et al. [96] extracted phenolic
compounds and antioxidants from grape pomace and compared the efficiency of UAE with
a conventional method (water was used as an extraction solvent with mechanical stirring).
It was found that the properties of the extracts obtained with both methods were similar.
However, at 50 ◦C, the UAE method was 8 times faster than the method with mechanical
stirring (200 rpm). To increase the extraction yields, in the study developed by Drevelegka
and Goula [129], enzymatic pre-treatment of the residue was carried out, followed by UAE
in combination with MAE.

Natural deep eutectic solvents (NADES): These can be created by blending a hydrogen
bond acceptor component (quaternary ammonium salts, such as choline chloride), natural
hydrogen bond donors (such as sugars, alcohols, and amines), and up to 50% (v/v) water;
it is possible to customize their physicochemical properties [91,92]. The advantages of
using these solvents are the versatility of their physicochemical properties, the relatively
easy precess [92], and a wide range of polarity and high solubilization strength. Thus, they
can be used as an alternative greener solvent [91,92,130]. However, there are also some
disadvantages, namely, a high viscosity and very low vapor pressure. The latter parameter
makes it difficult to evaporate the solvent to isolate the target compound, commonly
performed by distillation. However, anti-solvents can be added, and liquid–liquid or
solid–liquid extraction can be performed [92]. Bioactive compounds can be extracted and
preserved with the use of NADES, making them suitable for various applications in the food,
pharmaceutical, and cosmetic industries [87]. Recent studies have proven the success of
using NADES for the extraction of polyphenols from wine by-products [87,91,92,130–132].
The use of NADES containing choline chloride, tartaric acid, and water led to a 112%
increase in the extraction efficiency of anthocyanins from grape pomace, when compared
to the extraction efficiency achieved with acidified ethanol under the same conditions [87].

All the emergent extraction methods listed above can enhance the efficiency of ex-
tracting polyphenols, flavonoids, flavonols, sugars, minerals, and carotenoids from plant
materials and by-products [34]. These methods are crucial for the food industry, among
others. They aid in product innovation, leading to a wider range of food industry products
and more efficient processes, making the industry more competitive [133,134].

Table 1. Bioactive compounds (concentration and some biological properties) extracted from different
types of by-products resulting from different Portuguese grape cultivars and origins.

By-Product Variety Origin Compounds
Determined

Extraction Methods and
Detection Method Concentrations References

Wine lees ‘Sousão’ and ‘Tinta Barroca’ Douro region (Northern Portugal)
Total phenols,
ortho-diphenols
and flavonoids

Extraction by ultrasound with
MeOH (70%, v/v) at 70 ◦C
for 40 min.

‘Sousão’:
Total phenols: 15.44 mg GAE.g−1 DW

Ortho-diphenols: 118.91 mg GAE.g−1 DW

Flavonoids: 18.50 mg CAT.g−1 DW

ABTS: 1.71 mmol Trolox.g−1 DW

DPPH: 1.24 mmol Trolox.g−1 DW

FRAP: 1.54 mmol Trolox.g−1 DW
‘Tinta Barroca’:
Total phenols: 125.39 mg GAE.g−1 DW

Ortho-diphenols: 136.03 mg GAE.g−1 DW

Flavonoids: 128.34 mg CAT.g−1 DW

ABTS: 3.28 mmol Trolox.g−1 DW

DPPH: 1.58 mmol Trolox.g−1 DW

FRAP: 1.96 mmol Trolox.g−1 DW

[76]
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Table 1. Cont.

By-Product Variety Origin Compounds
Determined

Extraction Methods and
Detection Method Concentrations References

Pomace ‘Sousão’ and ‘Tinta Barroca’ Douro region (Northern Portugal)
Total phenols,
ortho-diphenols
and flavonoids

Extraction by ultrasound with
MeOH (70%, v/v) at 70 ◦C
for 40 min.

‘Sousão’:
Total phenols: 153.70 mg GAE.g−1 DW

Ortho-diphenols: 151.78 mg GAE.g−1 DW

Flavonoids: 144.81 mg CAT.g−1 DW

ABTS: 5.54 mmol Trolox.g−1 DW

DPPH: 1.64 mmol Trolox.g−1 DW

FRAP: 1.75 mmol Trolox.g−1 DW
‘Tinta Barroca’:
Total phenols: 135.32 mg GAE.g−1 DW

Ortho-diphenols: 138.70 mg GAE.g−1 DW

Flavonoids: 129.93 mg CAT.g−1 DW

ABTS: 4.01 mmol Trolox.g−1 DW

DPPH: 1.59 mmol Trolox.g−1 DW

FRAP: 1.61 mmol Trolox.g−1 DW

[76]

Stems ‘Sousão’ and ‘Tinta Barroca’ Douro region (Northern Portugal)
Total phenols,
ortho-diphenols
and flavonoids

Extraction by ultrasound with
MeOH (70%, v/v) at 70 ◦C
for 40 min.

‘Sousão’:
Total phenols: 156.81 mg GAE.g−1 DW

Ortho-diphenols: 162.53 mg GAE.g−1 DW

Flavonoids: 143.90 mg CAT.g−1 DW

ABTS: 5.62 mmol Trolox.g−1 DW

DPPH: 1.49 mmol Trolox.g−1 DW

FRAP: 1.69 mmol Trolox.g−1 DW
‘Tinta Barroca’:
Total phenols: 180.68 mg GAE.g−1 DW

Ortho-diphenols: 170.24 mg GAE.g−1 DW

Flavonoids: 160.71 mg CAT.g−1 DW

ABTS: 8.02 mmol Trolox.g−1 DW

DPPH: 1.85 mmol Trolox.g−1 DW

FRAP: 2.02 mmol Trolox.g−1 DW

[76]

Stems ‘Tinta Roriz’, Touriga Quinta do Pinto, Alenquer (Lisbon). Catechins Conventional extraction with
MeOH (70%, v/v) at RT for 30 min.

Catechin: 0.44 ± 0.02–2.03 ± 0.08 mg.g−1 DW
Extracts with antioxidant activity:
ABTS: 0.84 ± 0.06.
DPPH: 0.64 ± 0.05.
FRAP: 1.03 ± 0.06 mmol Trolox.g−1 DW.

[22]

Stems

‘Alvarinho’, ‘Loureiro’
‘Touriga’
‘National’ and ‘Tinta Roriz’
(TR)

Sogrape Wines, S. A. (Porto, Portugal)
and collected at Quinta dos
Carvalhais (from the Dão
region), Quinta
do Seixo (from the Douro region) and
Quinta de Azevedo (from the
Minho region).

Phenolic
compounds

Subcritical water
extraction at 150 ◦C and 4 MPa for
40 min.

TR from the Douro region

(33.7 ± 1.9 mg GAE.g−1 DW).
IC50 for the Loureiro variable
(56.68 ± 2.60 µg.mL−1).
There were no adverse effects on the dermis
cells HaCaT and HFF-1 in concentrations below
100 and 1000 µg.mL−1.

[21]

Stems
‘Rabigato’, ‘Malvasia Fina’,
‘Fernão Pires’, Viosinho
and ‘Moscatel’

In the Baixo Corgo and
Douro Region (Portugal).

Phenolic
compounds

Conventional extraction with
MeOH (70%, v/v) at RT for 30 min.
Qualitative and quantitative
analysis of phenolic composite
(HPLC).

Total phenolic compounds:

(94.71–123.09 mg−1 GAE).

Individual phenolics: 0.02–73.79 mg.g−1.

Antioxidant: 0.37–1.17 mmol Trolox.g−1

[135]

Stems
‘Rabigato’, ‘Malvasia Fina’,
‘Fernão Pires’, ‘Viosinho’
and ‘Moscatel’

Douro Region (Portugal). Phenolics

Conventional extraction with
MeOH (70%, v/v) at RT for 30 min.
Phenolic profile: evaluated by
reverse-phase—high-performance
liquid chromatography—diode ray
detector (RP-HPLC-DAD).

PC: higher in regions of lower altitude (varying

from 78.02 ± 0.70–103.49 ± 4.36 mg GAE.g−1

in contrast with concentrations between
32.35 ± 3.35 and 88.32 ± 1.75 mg GAE.g−1),
Grape stem samples: Higher antioxidant
activities (0.73 ± 0.00–0.85 ± 0.04 versus
0.24 ± 0.06–0.75 ± 0.01 mmol Trolox.g−1).

[23]

Stems ‘Tinta Barroca’, ‘Sousão’
and ‘Syrah’

Douro demarcated region in the north
of Portugal;
Quinta do Bonfim, vine located in the
sub-region of Cima Corgo.

Total phenolic
compounds and
flavonoids

Conventional extraction (solvents)
with MeOH (70%, v/v) at RT
for 30 min.

TP: 42.04–96.29 mg GAE.g−1;

Ortho-diphenols: 45.52–81.11 mg GAE.g−1;

Flavonoids: 29.46–76.20 mg CAT.g−1.
ABTS: 4.28–8.56;
DPPH: 0.46–1.00 mmol Trolox.g−1.

[24]

Pomace ‘Arinto’ or Pederna,
‘Aragonesa’ and ‘Tália’

Herdade da Malhadinha Nova,
Alentejo; Herdade da Bombeira,
Alentejo and Herdade de Vila Chã,
Ribatejo.

Total phenolic
compounds

Extraction by ultrasound with
EtOH (96%, v/v) at RT for 30 min.

Total phenols: 0.16 and 1.93 mmol GAE.g−1

of extract.
[95]

Stems ‘Touriga Nacional’, ‘Franca’
and ‘Tinta Roriz’

Douro Demarcated Region (Cima
Corgo and Douro upper
Sub-regions), Portugal.

Polyphenols
Conventional extraction with
Acetone, EtOH, and water (1:1:1)
at RT for 180 min.

TPC: 0.40 g.L−1 [65]

Pomace made
from fermented
grapes
(skin, seeds,
and mixtures)

-
Three different samples:
skin,
seeds, and a mixture

Phenolic
compounds
(anthocyanin)

Conventional extraction with
MeOH/water (80%, v/v) at 25 ◦C
for 60 min and 0.5%
trifluoroacetic acid.
LC-DAD-ESI/MSn determined the
phenolic profile.
-Anthocyanin.
-Evaluation of bioactive properties
(antioxidant activity, cytotoxicity,
antibacterial).

Seeds: high antioxidant activity: DPPH,
reduction potential, β—carotene (23, 110, 208

and 49.6 µg.mL−1).
-Skins: higher values of anthocyanins

(7.9 µg.g−1 extracts).

[77]

Seed

‘Touriga Nacional’, Castelão,
Trincadeira, Alfrocheiro,
‘Tinta Roriz’, ‘Trincadeira
das Pratas’, ‘Síria’,
‘Terrantez’, ‘Galego’
‘Dourado’, ‘Vital’, ‘Cerceal
Branco’, ‘Avesso’, ‘Arinto’,
‘Malvasia Colares’,
‘Gouveio’, ‘Azal’, ‘Antão
Vaz’, ‘Rabigato’, ‘Rabo de
Ovelha’, ‘Cercial’, ‘Fernão
Pires’, ‘Verdelho’ and ‘Tália’

- Fatty acids from
the extracted oil

Extraction was made on a
semi-continuous process with the
organic solvent (petroleum ether)
at 60 ◦C for 8 h.

A maximum oil level (18 + 0.62% DW) was
observed in the Azal variety and a minimum in
Malvasia Rei (5 + 0.15% DW).
The profile of the fatty acids was similar in all
the samples.
The most recurrent fatty acid was the linoleic
acid, which varied between 69 + 0.75% (‘Arinto’
(white grape) and ‘Syrah’(red grape)) to 75 +
0.3% (Malvasia Rei (white grape) and ‘Aragonês’
(red grape)), followed by the oleic acid, which
ranged between 13 + 0.07% (Terrantez (white
grape) and ‘Aragonês’) and 19 + 0.6% (‘Syrah’).

[136]
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Table 1. Cont.

By-Product Variety Origin Compounds
Determined

Extraction Methods and
Detection Method Concentrations References

Pomace ‘Tinta Roriz’ Herdade do Esporão, Portugal Polyphenols

Used a Soxhlet unit to determine
the most efficient hydroethanolic
composition to maximize the
extraction of phenolic compounds
by varying the environmental
composition.
(A total of 20, 40, 60, or 80% w/w
ethanol in water at 83.1 ◦C for 8 h).

Total phenolic compounds:

1042.1 mg GAE.L−1.
[137]

Pomace Portugal
Lipids,
carbohydrates,
protein, lignin.

Lyophilized pomace.
Protein characterization, ashes,
and lipids; HPLC method for the
analysis of carbohydrates.
Colorimetric method for the
analysis of carbohydrates.

Characterization (g.100 g−1) of waste in the
reactor after treatment with subcritical water
(240 ◦C and 7 MPa): Lipids = 18.5;
Carbohydrates = 6.2; Protein = 7.6;
Lignin = 25.6.

[138]

Pomace - Portugal
(Esporão, Alentejo region)

Carbohydrates
and phenolic
compounds

Pomace from white wine
processed with subcritical water in
a semi-continuous reactor at 170,
190, and 210 ◦C, and 10 MPa.

At 210 ◦C and 10 MPa, the trial resulted in the
highest recovery of carbohydrates and phenolic
compounds.

(2.6 g.100 g−1)
The extracts showed higher antimicrobic
activity for Gram-positive than for
Gram-negative.
The lignin content of the remaining residue
after SBW
(subcritical water hydrolyzed) treatment at
210 ◦C (8.6 ± 1.5 g/100 g WGP (white grape
pomace)) indicates that around half of the lignin
of WGP was effectively hydrolyzed by SBW.

[121]

4. Potential of Bioactive Compounds Obtained from By-Products of the Wine Industry
4.1. Health and Cosmetics

The discovery that the by-products of wineries can generate compounds that are
beneficial for human health has resulted in a growing market for various items, such as
functional foods, nutraceuticals, food additives, and cosmetics [22]. Polyphenols, which
have antioxidant, anti-inflammatory, anticarcinogenic, and antibacterial properties, have
been linked to the bioactive ability of grapes, wine, and winery by-products [139] (Table 2).

Table 2. Bioactive compounds reported in grape by-products with health and cosmetics interests.

Compounds By-Product Extraction Methods and
Detection Method Concentrations Function References

Resveratrol Grape pomace

Resveratrol extraction with a
50% mixture of water and
EtOH for 24 h at room
temperature and
determination by the HPLC.

Trans-resveratrol 23.54 µg. mL−1

concentration in extract;
Cis-resveratrol 2.01 µg. mL−1

concentration in the extract.

Anti-aging
and sun protector [140]

Catechin Grape pomace
(more in seed)

Catechin extraction with and
without the
microwave-assisted
extraction (MAE) method.
The optimized MAE
condition is 94% ethanol,
170 ◦C temperature, and a
duration of 55 min.

Under conventional conditions
(94% EtOH; 25 ◦C; 55 min), the
value for total catechins was
0.95 mg.g−1 DW.
Under microwave extraction
conditions (94% ethanol, 170 ◦C,
55 min), the value for total
catechins was 4.0 mg. g−1 DW.

Anti-aging [25]

Epicatechin Stem and seed

Epicatechin extraction with
and without the
microwave-assisted
extraction (MAE) method.
The optimized MAE
condition is 94% ethanol,
170 ◦C temperature, and a
duration of 55 min.

Under conventional conditions
(94% EtOH, 25 ◦C, 55 min), the
value for total epicatechins was
1.04 mg.g−1 DW.
Under microwave extraction
conditions (94% ethanol, 170 ◦C,
55 min), the value for total
epicatechins was 3.32 mg.g−1 DW.

Anti-aging [25]

Gallic acid Grape pomace

Gallic acid extraction with
25 mL of each solvent
(ethanol 800 g.L−1 or acetone
800 g.L−1) in bath water. The
optimized solvent is acetone
at 60 ◦C at 45 min.

Gallic acid 13.93 mg.100 g−1 at a
temperature of 60 ◦C for 15 min.

Anti-aging and
sun protector [141]
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Table 2. Cont.

Compounds By-Product Extraction Methods and
Detection Method Concentrations Function References

Tartaric acid Wine lees

Recovery of tartaric acid
using cation exchange resin
under mild conditions and
ambient temperature.

Tartaric acid content 575.8 mg.g−1

dry wine lees.
Tartaric acid recovery 99.8% at
40 ◦C for 24 h.

Exfoliating,
depigmenting, and
pH regulation

[142]

Oleic acid Grape seed oil

Oleic acid extraction using
methanol. Approximately
1 mL of methanol addition in
0.5 mL of GSO and
centrifugation at 10,000 rpm
for 10 min. The supernatant
was collected for analysis.

The oleic acid accounts for
6.52–14.51% of the total fatty acid,
depending on the variety
of grape.

Anti-aging and
moisturizing [27]

Linoleic acid Grape seed oil

Linoleic acid extraction using
1 mL of methanol addition in
0.5 mL of GSO and
centrifugation at 10,000 rpm
for 10 min. The supernatant
was collected for analysis.

The linoleic acid accounts for
70.90–77.38% of the total fatty
acid, depending on the variety
of grape.

Anti-aging [27]

Linolenic acid Grape leaves

Linolenic acid extraction with
a mixture of methanol in
sulfuric acid (97.5:2.5, v/v),
incubation at 70 ◦C for 1 h.
The extracts were recovered
in the organic phase after
adding a mixture of
petroleum ether: ultrapure
water (3:2, v/v). Analysis by
gas chromatography.

Alpha-linolenic acid was founded
in 42% of the total quantified fatty
acids in the leaves.

Anti-aging [143]

Vitamin E Grape seed

Vitamin E extraction with
conventional (Soxhlet and
mechanical press extraction)
and non-conventional
(pressurized liquid extraction
(PLE) with hexane) methods.
Determination by HPLC.

A Vitamin E content of
5.67 mg.100 g−1 was obtained by
PLE for grape seed.

Anti-aging [142]

Ferulic acid Grape skin

Ferulic acid extraction with
20 mL of 80% aqueous
methanol and 0.1% HCl for
1 h with shaking at room
temperature. Filtration and
determination by HPLC.

Ferulic acid concentration
4.2 ± 0.15 mg.kg−1 of dry matter
in the grape skin.

Sunscreen [144]

ProanthocyanidinsGrape pomace

The proanthocyanidins (PAC)
were extracted with and
without the
microwave-assisted
extraction (MAE) method.
The optimized MAE
condition was 94% ethanol,
170 ◦C temperature, and a
duration of 55 min.

Under conventional conditions
(94% EtOH; 25 ◦C; 55 min), the
(PAC) measured
9.70 ± 0.39 mg CE.g−1 DW.
Under microwave extraction
conditions (94% ethanol; 170 ◦C;
55 min), the (PAC) measured
56.37 ± 8.37 mg CE.g−1 DW.

Anti-inflammatory [25]

Polyphenols can prevent health-related diseases contributing to pandemics, such as
COVID-19 [145,146]. At the molecular level, these inhibitors have shown great promise in
preventing viral proteases from replicating, with minimal risk of toxicity.

However, research into natural methods for combating viral diseases is still in its
nascent phases. Research on secondary metabolites with health benefits has revealed
the extensive utilization of polyphenols, which possess advantageous dietary impacts on
humans’ well-being [146–148].

Various cellular pathways can be influenced by wine polyphenols at a biochem-
ical level [149]. Research in epidemiology suggests that the polyphenols present in
dietary sources, such as wine, have a considerable impact on human health. PVPP
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(polyvinylpolypyrrolidone) a type of water-insoluble polymer known as ‘synthetic’, and
is utilized for adsorbing phenolic compounds from beverages. Additionally, it is also
employed in the treatment of white wine (legal limit: 80 g.hL−1) in the Douro region
of Portugal to prevent phenolic oxidation and polymerization. The stability of wine is
enhanced by this polymer, which adsorbs phenolic compounds, including those that cause
browning reactions and bitterness [150]. This mixture, known as PVPP–white wine extract,
is obtained through selective adsorption and contains a high concentration of phenolic
compounds, making up roughly 80% of its dry mass. Among these compounds, phenolic
acids, such as caftaric acid, and proanthocyanidins, such as catechin oligomers, are the
most dominant [150–152]. This blend of phenolics exhibited impressive antioxidant activity
by effectively scavenging superoxide anion radicals and maintaining lipid peroxidation
in biological membranes. As a result, it has the potential to prevent or decrease oxidative
stress linked to degenerative mechanisms in both type 2 diabetes mellitus and Alzheimer’s
disease [150].

According to various studies, flavonoids have been linked to the targeted decrease
in the viability of cancer cells [153–155]. The presence of quercetin in all the extracts is
believed to contribute to this effect. Quercetin has the potential to combat cancer, as it can
trigger apoptosis and hinder the growth of various human cancer cell lines [156]. A study
conducted by Hamza [157] suggests that grape seed extract may have anticancer properties
through its ability to promote apoptosis, inhibit cell proliferation, and block inflammation
in hepatocarcinoma. It is important to mention that grape seed extract has been discovered
to possess significant anti-tumor properties against various types of cancers, such as lung,
colon, breast, bladder, leukemia, and prostate tumors [158,159]. According to a recent
study, antioxidants found in grape stems have been found to protect against DNA damage
caused by ROS, as well as inhibit the growth of liver (HepG2) and cervical (HeLa) cancer
cells [160]. A recent study has further validated the usefulness of V. vinifera by-products
in the creation of effective oral hygiene products that can prevent and treat various oral
infections. These by-products possess a high value in terms of their polyvalent effects [161].
Numerous in vitro studies have thoroughly documented the antimicrobial and antiplatelet
properties of V. vinifera extracts. Various phenolic compounds, such as flavonols, gallic acid,
hydroxycinnamic acid, trans-resveratrol, and epicatechin, are present in wine and V. vinifera
extracts, contributing to their antimicrobial activity [162,163]. Several other researchers
have investigated the antibacterial properties of red wine and various oenological extracts,
such as grape seed extracts, on a distinct type of dental plaque biofilm. This biofilm
model includes Actinomyces oris, F. nucleatum, Streptococcus oralis, S. mutans, and Veillonella
dispar [164]. Among all the extracts studied, the highest antimicrobial activity was present
in red wine extract solutions enriched with grape seed extracts. In comparison with other
wine extracts, it has been observed that grape seed extracts possess potent antimicrobial
properties, which can be attributed to their high concentration of flavonoids and their
derivatives. These compounds are believed to be the primary contributors to the extracts’
strong antimicrobial activity [161,164].

In the studies presented in Table 2, the bioactive compounds found in wine produc-
tion by-products mostly have an anti-aging and sun protect function [165]. Nevertheless,
although the by-products of grape processing can be potential sources of bioactive com-
pounds, they have not yet been sufficiently explored. For example, Douro SkinCare
(Portugal) and DC Dermoteca Cosmetics (Portugal) are two new cosmetic brands on the
market that use grape oils in their formulations [149]. However, these two companies
do not use all the by-products or extracts from the grape. As a result, more companies
that re-use grape by-products while implementing environmental standards would have a
business advantage.
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4.2. Feed and Food Industry

The different compounds extracted from wine by-products and winery by-products
can represent a significant value to the food and feed industry [166] (Table 3). These
molecules or extracts can be used to produce oenological additives [167], obtain natural
dyes [43], and obtain bioactive compounds [168]. In Europe, grape pomace is a highly
valued by-product that is traditionally used for oil extraction, as well as a source of protein
and tannins for animal feed [34].

The utilization of a winery by-products as a potential source of phenolic compounds
has achieved great interest due to the multiple biological effects of these compounds as
antioxidants and antimicrobials [6]. Extracts derived from grape by-products possess
functional properties that make them useful in the development of a wide array of products.
These applications range from food products to the inhibition of spoilage and pathogenic
microorganisms, as well as the prevention of lipid oxidation [169].

The effects of natural antioxidants obtained from by-products produced from the wine
industry have been studied in different raw materials for food industries, such as sunflower
oil, fish oil, seaweed oil emulsion, beef, chicken, pork, and turkey meat, as well as in
pre-prepared food, such as hamburgers, restructured meatballs, sausages, and marinated
patés [170]. One of the main effects was related to their ability to delay lipid oxidation of
these products during storage [171,172].

Grape pomace (‘Arinto’ and ‘Touriga’, Monsaraz, Alentejo, Portugal) flour can be
used in a natural, cost-effective, environmentally friendly, and socially beneficial way by
employing it in the development of human food, such as crackers. In this way, traditional
wheat flour was supplemented with grape pomace flour between 5% and 10% (w/w) to
nutritionally enrich the product [166]. The findings indicate a preference for crackers
with 10% pomace flour in both varieties regarding the parameters evaluated (color, taste,
texture, purchase intention, and global appreciation) [166]. The crackers with the highest
percentage of incorporated grape pomace flour were the most adopted and appreciated.
Consequently, increasing the percentage of this ingredient in the future will promote
improvement in the nutritional value of goods for human consumption [166]. Ortega-
Heras et al. [173] tested the incorporation of 10 and 20% of grape pomace flour in the
manufacture of muffins, and obtained a high level of acceptance for the 10% incorporation.
The muffins produced had a lower protein content, were denser, and included more fiber
and fat. Similarly, Theagarajan et al. [174] incorporated 6% of grape pomace flour in the
manufacture of cookies, resulting in a better quality product with an improved flavor.
Additionally, it was found that the phenol content and antioxidant potency of the cookie
extract increased to 4.03 mg GAE.g−1 of the cookie and IC50 0.72 mg. mL−1 of the cookie
extract, respectively, with increasing incorporation of pomace flour from 4 to 6%.

Various studies have been conducted involving the incorporation of grape by-products
in wheat bread [175–177]. Šporin et al. [177] incorporated different percentages (6, 10, and
15%) of grape pomace flour in wheat bread dough. It was found that the use of a mixture
of wheat flour with grape pomace had a great impact on the rheological properties of the
dough. The concentration of bagasse used was negatively correlated with the brightness
and firmness of the bread, and also resulted in a reduction in water absorption. They
also found that the cultivar from which the pomace is derived also has an impact on the
properties of the bread produced, with the cultivar ‘Zelen’ leading to better results. Many
nutraceutical compounds, particularly polyphenols, can be found in dried or lyophilized
grape skins and seeds, as well as unfermented/semi-fermented and fermented varieties.
These are commonly used to make infusions [178]. Grape by-product infusion is a method
for valorizing grape by-products. The method is simple, and the primary expense is related
to the electricity utilized for drying the moist material.

Therefore, these infusions can be used as health-promoting compounds that function
as nutraceutical components [178].

In contrast, the creation and advancement of new products through innovative pro-
cesses have led to the emergence of a distinct category of items known as functional foods.
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In this context, grape pomace extract can be used in the preparation of chicken products.
Furthermore, the bioactive compounds present in grape extracts positively contribute to
their well-known antioxidant and protective properties. Therefore, Tournour et al. [179]
evaluated the effect of adding grape pomace extract and mechanically deboned chicken
meat on the nutritional and sensory properties of chicken nuggets. The results show that
adding mechanically deboned chicken meat to the ingot formulation mainly increased the
fat content. In addition, the conduction of a suitability analysis confirmed these results and
identified positive attributes, such as ‘light color’. Based on the findings, it can be inferred
that adding grape pomace extract up to 120 mg.kg−1 and mechanically deboned chicken up
to 15 g.100 g−1 did not have a negative impact on the visual appeal of chicken nuggets. In
another study, Libera et al. [180] studied whether the polyphenol chemicals found in grape
seeds can be employed in the development of novel animal-derived goods as a source of
natural antioxidants. This study examined how different concentrations (0.1%, 0.2%, and
0.5%) of a grape seed extract containing 40% ethanol (GSE) affected the quality of dry-cured
pork neck. After conducting the tests, it was found that the use of extracts with higher
concentrations resulted in better lipid stability compared to the lot containing only 0.1%.
According to the study, the GSE extract effectively inhibited lipid hydrolysis and limited
oxidative processes in the meats during curing when added in a concentration of at least
0.2% [180]. Gasiński et al. [181] studied the potential use of white grape pomace, the most
abundant waste from the white wine industry, in modifying the volatilome and phenolic
content of beer. The pomace was added to beer after primary fermentation in varying
concentrations (10% and 20% w/w) and subjected to different pre-treatments (pasteurized
and unpasteurized).

The results show that in all the beers tested, there was an increase in the concentration
of phenolic compounds of 321.584 to 501,459 mg GAE.dm−3, with the insertion of white
grape pomace. There was also, with the insertion of white grape pomace, a reduction in
the composition of volatiles in beers (the concentration of the acetaldehyde content was
17.425–31.425 mg.dm−3, much lower than the control sample, with 134.050 mg.dm−3), and
an increase in relation to the antioxidant activity of the beers against the DPPH•, FRAP,
and ABTS+• assays [181].

Table 3. Studies regarding the application of grape by-products and derived extracts in food products.

Grape
By-Product Variety/Origin Food Product Concentration Effects References

Pomace

Grape pomace (Ives noir
cultivar, Vitis labrusca
species) by the company
Família Fardo, Quatro
Barras/Paraná/Brazil

Rice

Addition of grape
pomace flour in the
process of parboiling the
rice; GP:rice ratio 1:2.

-Improved the antioxidant
activity.
-Change in color.

[64]

Pomace Vitis labrusca cv. Isabel Salmon burger
Addition of 1 and 2% of
grape pomace flour to
the burger recipe.

-Increased dietary fiber content
and storage stability.
-Decrease in sensory properties.

[182]

Pomace
Vitis vinifera L. of the
‘Arinto’ and ‘Touriga
Nacional’

Crackers 5%, 10%, and 15%
-‘High in fiber’, as per the
Regulation (EC) No. 1924/2006,
suggesting a functional food.

[183]

Pomace ‘Syrah’, ‘Merlot’, and
‘Cabernet Sauvignon’

Beef
hamburger
patties

0%, 2%, and 4%.

-Provided hamburger patties
with health promoting factors,
such as antioxidant and other
functional components.
-Provided darker, sourer patties
and a lower cooking yield.

[26]

Skin

‘Pinot Noir’ (PN) and
‘Italian Riesling’ (IR) grape
varieties from western
Romania (Teremia Mare
Winery, Timis County)

Pasta
Replacement of wheat
flour with 3, 6, and 9%
of grape skin flour.

-Increased antioxidant activity
total phenolic content.
-Better sensory evaluation.

[184]
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Table 3. Cont.

Grape
By-Product Variety/Origin Food Product Concentration Effects References

Skin
Vitis vinifera L. of red
variety Frankova modra
from southwest Slovakia

Cookie dough

A total of 0, 5, 10, and
15% to weight of flour.

-Decreased dough consistency
and stability.
-Increased water absorption.
-Volume and thickness of
cookies decreased.

[185]

Seed

Grapes, Vitis vinifera L. of
red variety Frankova
modra; incorporation of
grape skins and grape seeds

A total of 0, 5, 10, and
15% to weight of flour.

-Increased dough consistency
and stability.
-Decreased water absorption.
-Volume and thickness of
cookies decreased.

Skin - Butter biscuits
Grape powders were
added to the dough in
an amount of 15.0%.

-Increased the butter
biscuits’ apparent
dough viscosity.
-Decreased the modulus
of instantaneous
springiness and the
elasticity modulus.
-Increased dough
plastic viscosity.

[186]

Seed Red wine grape pomace Wheat
bread dough

Different addition levels
(0, 3, 5, 7, 9%) to the
white wheat flour.

-Dough water absorption
decreased with the increase of
grape seed flour addition level,
influencing dough
development time and stability.
-The falling number index
showed a gradual decrease with
the particle size decrease and
addition level increase.

[175]

Seed - Meat emulsion 50% -Reduction of animal fat. [187]

Seed Ningxia Huahao winery
(Yingchuan, China) Noodle 1% to 5% -Replacement of flour.

-Textural traits. [188]

Seed
Tianjin Jianfeng Natural
Product Co., Ltd.
(Tianjin, China)

Seabass fillets 0.5%
-Reduction of microbial growth
and biogenic amines.
-Color traits.

[189]

Seed - Roast chicken 0.5%
-Reduction of microbial growth
and oxidation.
-Physical/color properties.

[190]

Seed - Minced Beef 0.05% to 1% -Reduction of microbial growth
and oxidation. [191]

4.3. Food Packaging

In recent years, the demand for intelligent packaging systems for food products
has risen significantly. This is because food manufacturers are trying to improve their
products’ sustainability and environmental impact while maintaining their quality and
safety [192,193]. Food packaging protects food from contamination and other impacts, such
as odors, physical damage, shock, dust, temperature, light, moisture, and microorganisms.
Therefore, ensuring the quality and safety of food is crucial, especially when trying to
extend its shelf life and minimize food loss and waste. Using natural colorant indicators,
such as anthocyanins, can effectively monitor the freshness and shelf life of perishable food
items, thereby ensuring their quality control [193–195].

Ferreira et al. [196] studied the incorporation of grape pomace extracts containing
0.15% aqueous extract (mainly polysaccharides), 0.15–0.3% grape skin extract (wax), and
0.3–0.75% grape seed oil into chitosan films. The films made of chitosan that contained the
aqueous extract were found to be highly hydrophilic and smooth. Additionally, these films
demonstrated enhanced antioxidant properties, while maintaining their water solubility
and mechanical strength. By incorporating wax into the chitosan solution, the resulting film
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had a more uneven and rough appearance, but its antioxidant properties were enhanced
without affecting its solubility. The addition of wax resulted in improved flexibility and
reduced stiffness of the films. Among the chitosan-based films with oil, those containing
wax were the most hydrophobic and exhibited greater antioxidant activity. These films
also had slightly lower water solubility. The findings suggest that grape pomace extract
films made with chitosan are a viable alternative to synthetic materials. These films can
also serve as carriers for functional compounds, which may have biological applications.
Furthermore, they have the potential to extend the shelf life of food products.

In their study, Shahbazi [197] investigated the possible uses of GSE (1% w/v) on its
own and in conjunction with ZEO essential oil from the Ziziphora clinopodioides plant in films
made of chitosan and gelatin. According to the results, both films showed good antibacterial
and antioxidant effects due to the high phenolic content. Biodegradable active packaging
is crucial in the food industry as it provides a significant defense against microbial and
chemical contamination. In a recent study, a new active packaging with antioxidant
properties was developed using extracts from red grape pomace and blueberries as two
distinct biological resources [198,199]. The extracts obtained by MAE were incorporated
into chitosan and carboxymethylcellulose, respectively. Films that were enriched with red
grape skin extract displayed superior antioxidant activity compared to those enriched with
blueberry extract [199].

Cejudo-Bastante et al. [200] recently reported that using natural jute fibers impregnated
with a grape pomace extract was proposed as a new active food packaging material.
Because of the results, pomace extract’s antioxidant and antimicrobial properties were
successfully transferred to natural jute tissues through supercritical impregnation. The
authors compared the results with others obtained in polymeric matrices and offer a very
optimistic view of using this natural fiber as an active food packaging [200].

In another study by Guo et al. [190], the goal was to determine the optimal concentra-
tion of a grape seed extract solution and investigate how it affects the physical and chemical
properties of roasted chicken when combined with modified atmosphere packaging during
storage at 4 ◦C (Table 3).

5. Conclusions

Winery by-products are important sources of bioactive compounds. These compounds
with high added value are present in several winery by-products, namely, wine lees, grape
pomace, and grape stems, and show antioxidant, antimicrobial, anti-inflammatory, or
anticancer activity. Moreover, these bioactive compounds may have promising benefits in
the pharmaceutical, cosmetic, and feed and food industries.

It is important to note the current and upcoming technological advancements that
enable us to replace traditional methods with innovative ones for extracting valuable
compounds from winery by-products. New technologies offer many benefits, such as
reducing processing time, energy consumption, and the use of harmful and costly solvents.
This promotes environmental benefits and significantly increases the conservation and
yield of bioactive ingredients. Howeve.r, the enhanced extraction yields align perfectly
with the principles of eco-friendly extraction techniques. Therefore, the importance of
looking to the future cannot rule out what is already being accomplished in the present
in the European Union and around the world, where several companies are shaping their
values more sustainably and circularly, both in the development of products in closed cycles
and the creation of services, which have reflected positively on their brands, attracting
more customers.

All these examples show how adopting a circular bioeconomy approach is essential
to achieving responsible and competitive production models in the wine industry. Con-
sidering the amount of winery by-products produced annually in Portugal and Europe,
the wine industry’s by-products are considered to have enormous potential. In short, the
presented solution aims to upcycle the wine industry’s by-products in a circular economy
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perspective through the use of green extraction technologies and the digitalization of the
industry to obtain value-added products.
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