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Abstract: Management of waste and use of winemaking by-products plays an important role in the
development of new ingredients, especially with antiviral properties. Although the richness of bioac-
tive compounds from wine waste is known, less is known about potential antiviral action. Bioactive
compounds and health-enhancing effects of winery by-products make them potential candidates
for use in antiviral ingredients. The design of new formulations by using nano-microencapsulation
techniques will be necessary to successfully control diseases produced by viruses. Outcomes about
the use of winery by-products, bioactive compounds found in winery wastes, green extraction tech-
niques to concentrate these compounds, and development of formulations to obtain new ingredients
were extracted from research around the world to be discussed and updated in this manuscript. The
evidence collected in this review aims to encourage transfer of in vitro and in vivo knowledge to a
new step for the development of antiviral and treatments.
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1. Introduction

Wine production is one of the world’s oldest industries and one of the most important
agricultural activities around the world, with an estimated surface area of 7.3 mha for
the production of wine, table grapes, and raisins [1]. According to the International Wine
Organization [2], 100 kg of grapes generate about 25 kg of waste, corresponding to skins
(50%), stems, or rachis (25%) as well as seeds and liquids or semi-liquids (25%). In fact, the
production of wine generates large amounts of solid and liquid waste by-products such as
pomace, seeds, stems, waste from pruning, lees, and water, leading to a waste-management
issue. The nature of the waste produced depends on the cultivar and specific vinification
procedures used, which can also affect the properties of the residual material generated.
Therefore, adequate waste treatment is needed to reduce the environmental impact of
residues [3], and allow for a sustainable and environmentally friendly production.

Currently, a large part of the waste management in the wineries is aimed at composting
pomace to be reintroduced into vineyards to maintain organic matter levels and comply
with the increasing consumer demands for natural products and sustainable practices [4].
Most of the by-products generated during winemaking are rich in bioactive compounds and
their impact on human health cannot be underestimated. This high content of bioactives
opens a wide range of possibilities for different applications, from colorants for beverages
and functional food, a source of biofuel, animal feed, and a special focus on the generation
of natural medicines (Table 1). Figure 1 shows the different wastes produced during
wine production.
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Figure 1. Schematic diagram of waste generation during wine production.
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Grape seeds mainly contain water (25-45%), glycidic compounds (34-36%), tannins
(4-10%), nitrogenous compounds (4-6.5%), minerals (2-4%), lipids (13-20%), and lower
concentrations of other substances such as sugars [5]. Total polyphenols in seeds can reach
up to 60-70% of the extractable compounds, being a rich and natural source of antioxidants
for the pharmaceutical, cosmetic, and food industries [6].

Table 1. Main by-products available in wine making and their uses.

By-Products Bioactive Compounds Current Use Reference
Alternative source of antioxidant compounds and
. . [7,8]
dietary fiber for yogurt
Energy source [°]
o . To extend shelf life of lamb meat [10]
rganic matter content, . .
. To reduce acrylamide formation [11]
polyphenols (anthocyanins ) . .
Grape pomace waste . To neutralize the production of reactive oxygen [12]
and tannins), flavonol content,
ethanol precipitate To reduce cholesterol level [13]
Stable delivery system, protecting resveratrol [14]
Biomethane [15]
Cosmetic formulation (skin aging) [16]
Dietary fiber supplement, human food supplement  [17]
To modify the formulation of meat products [18]
Energy production, biodiesel [19]
Grape seed Flavanol content. Direct inclusion of natural antioxidants [20]
P Lignocellulosic content Skin moisturizer (gel formulation) [21]
Animal feed (rainbow trout) [22]
Extraction with supercritical CO, [23,24]
Wastewater Tartanc. acid and malic Acidulant compound in soft drinks [9]
acid content
. . Biodegradable packaging [25]
Vine shoot and stems Phenolic compounds Energy production, biomethane [26]

The variety of applications detailed in Table 1 shows the applicability of the by-
products of the wine industry, maximizing efficiency and generating economically viable
alternatives such as the generation of biofuel, a problem that is becoming important with
respect to a non-renewable resource such as fossil fuels.

On the other hand, grape stems, which can be partially or totally part of the fermen-
tation and/or pressing process depending on the vinification procedure used, are a good
source of proanthocyanidins [27], providing astringency to the resulting wine. The com-
mercial value of stems is low, and they are usually recycled as organic fertilizers. There is
also evidence that stalks are a rich source of bioactive compounds such as trans-resveratrol
and derivatives, flavan-3-ols, and phenolic acid glycosides [28]. Vitis leaves are used in
traditional medicine as laxatives, stomachics, diuretics, and refreshers, and also in palliative
treatments of chronic bronchitis, heart disease, and gout [29].

Other wastes generated in the vineyard are after pruning (1 ton of biomass waste per
hectare) [30], which are suitable for energy valorization, and mainly composed of cellulose
and lignin with a low moisture content and high C/N ratio. Although biomass waste
is an excellent source of bioenergy, its uses are still limited. In some areas, it is crushed
and mixed with the soil as a fertilizer. Therefore, the roasting of these residues can be a
profitable option to improve their fuel properties [31].

Finally, lees and winery wastewater are by-products that could be reused, although
both present some inconveniences. The composition of wine lees is highly variable and
depends on the winery process, whereas winery wastewater presents low pH, but is high
in both sulphides and sodium content, and it also presents a high organic matter content.

Although the properties attributed to winemaking by-products as phenolic com-
pounds have been extensively studied, specifically their antiviral capacity has not been
developed significantly and there are limited antiviral products or ingredients made from
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wine industry residues. The scientific community has been concerned about the growing
number of foodborne illnesses caused by some pathogens, which has led to the develop-
ment of safe antimicrobial compounds derived from novel plants, including those present
in grapes and grape products [32]. In this sense, winery waste by-products constitute a
good source of natural polyphenols and antioxidants, which are considered completely
safe compared with synthetic antioxidants. Therefore, this review summarized scientific
information on the composition, richness, and functionality of mainly phenolic compounds
present in waste by-products generated by the wine industry. It also focused on the devel-
opment of some ingredients and advances on the preventive role that these compounds
can play in the pathologies caused by viruses.

2. Updating of Bioactive Compounds Extracted from Winemaking By-Products

Most of the residues from winemaking are rich in phenolic compounds. Phenolic
compounds in red wine pomaces comprise a diversity of chemical structures involved in the
formation of the structure, color, transparency, and stability of the wine [7]. However, the
composition of each pomace can vary depending on the grape variety of origin or growing
conditions [8] and also the percentage of phenolic compounds that remains in the residues.
Therefore, it is necessary to utilize an adequate extraction system where the losses are
reduced, and it is more environmentally sustainable. The extraction of bioactive compounds
presents some challenges because they differ in recovery yield and solubility. Recently,
new extractive technologies have been applied to grape pomace in accordance with the
principles of green chemistry such as supercritical fluid extraction (SFE), microwave-
assisted extraction (MAE), microwave hydrodiffusion and gravity (MHG), ultrasound-
assisted extraction (UAE), pulsed electric field (PEF), and ohmic heating (OH) since they
are economic, innovative, and environmental-friendly processes [9] (Figure 2).
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Figure 2. Green extraction techniques applied to by-products from the wine industry.



Foods 2022, 11, 1604

50f18

The use of conventional extraction technology such as solid-liquid extraction, heating,
or grinding produces greater losses of bioactive compounds and environmental damage.
Nevertheless, non-conventional technology such as pulsed electric fields, high voltage
electrical discharges, pulsed ohmic heating, ultrasounds, microwave-assisted extractions,
sub- and supercritical fluid extractions, or pressurized liquid extraction methods have
already been applied for the extraction of high-added-value compounds from winery-
processed samples [10].

Despite these techniques exemplifying a promising tool to recover high-added-value
compounds from winery wastes and by-products, several considerations must be taken into
account before choosing the technology, such as the matrix to be processed, the selectivity,
the energy consumption, the equipment cost, and the value of the extract [10].

A study comparing the use of Pulsed Electric Fields (PEF) during alcoholic fermen-
tation in the recovery of phenols compared with a thermal treatment for the Cabernet
Franc variety showed a significant increase in the content of anthocyanins and tannins
(approximately 51-62% compared with the thermal treatment) [11]. Additionally, the
microwave-assisted extraction of grape pomace showed advantages as a remarkable de-
crease in extraction times, from 5 h to 5min, compared with a solid-liquid extraction
method, increasing, as well, the content of acyl derivates not detected in the conventional
method [10].

The use of the potential antioxidant capacity present in the by-products produced
in the wine industry has been widely studied and information is available regarding the
content of phytochemicals that promote human health. The phytochemicals present in the
wine wastes are presented in Table A1.

Phenolic acids are the most prominent class of bioactive chemicals grouped under
phenolic compounds present in various plant sources such as fruits, vegetables, spices,
grains, and beverages [12,13]. These compounds frequently appear in a conjugated form,
namely as glycosylated derivatives or esters of quinic acid, shikimic acid, and tartaric
acid [13,14]. The genotype appears to be the major factor influencing the relative concentra-
tions of the different phenolic compounds [33]. Flavonoids belonging to this group, such
as flavan-3-ols, have a nuclear molecular structure of C6-C3-C6 and differ in the degree
of oxidation of the central pyran ring [15]. They are abundantly found in seed and skin
residues and play a very important role in the organoleptic properties of wines [34].

Anthocyanins, malvidin, petunidin, cyanidin, peonidinm and delphinidin (in the
form of 3-O-glycosides) are the flavonoids responsible for the characteristic red color
pigmentation. They are produced during ripening and are mainly found in grape skins.
They are susceptible to light, temperature, oxygen, and pH [35]. Kaempferol, quercetin,
myricetin, and isorhamnetin are the most abundant flavonols found in grapes, wine, and in
the main by-products.

Hydroxybenzoic acids are derivatives of benzoic acid with a framework of seven
carbon atoms of C6—C1 structure. Gallic acid can be found abundantly in grape stems,
skins, and seeds, followed by syringic acid in grape stems, and protocatechic acid in grape
seeds and skins [16].

Hydroxycinnamic acids are the derivatives of cinnamic acids having the framework
of the C6-C3 structure. The most common hydroxycinnamic acid and its derivatives are
p-coumaric acid, cinnamic acid, caffeic acid, ferulic acid, sinapic acids, isoferulic acid, and
p-hydroxycinnamic [13]. The trans conformation of some phenolic acids (e.g., resveratrol)
is naturally occurring, while the cis conformation is induced by UV exposure [36]. All
these bioactive compounds must be protected and transformed into new ingredients;
consequently, the use of encapsulation techniques is necessary.

Nevertheless, it is important to point out that the content of these molecules aforemen-
tioned vary depending on the starting material and the extraction technique used.

Therefore, current trends in extraction procedures from winery wastes and by-products
will keep developing to replace conventional technologies with non-conventional ones since
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they present clear advantages including handling, reduction of the processing time, energy,
the reduction of harmful and expensive solvents, and the increase of the extraction yields.

Among the many applications that have been described to wine by-products, de-
velopment of antiviral ingredients has been hardly established. Hence, green extraction
techniques mentioned above, where the content of the bioactive compound of interest is
enhanced, with greater safety and innocuousness, open great possibilities of work on the
line of constituents with antiviral potential.

3. Development of Ingredients of Products Based on Winemaking Products

Encapsulation is the technology used to safeguard sensitive materials by packaging
materials in the form of micro- or nanoparticles. Encapsulation efficiency and stability
of the capsules is closely related to the selection of the wall material [37]. Maltodextrin
(MD) is the most commonly used encapsulating agent due to its high water solubility, low
viscosity, and low sugar content [17]. There are also other encapsulating agents that offer
a viable alternative such as gum arabic, skim milk powder, ascorbic acid, among others,
which are generally used in mixture with MD. It is important to note that the success of
the encapsulation will depend directly on the encapsulating agent or mixture of these, the
working conditions of the equipment (air inlet temperature, pump power, feed flow, etc.),
and the material to be encapsulated. Some examples are shown in Table 2.

The technology involved in encapsulation is effective in masking the unpleasant odor
of the extracts and the product is rapidly soluble in water, releasing about 100% of the
bioactive extracts within a few minutes. Therefore, the final products show improved
technological characteristics suitable for the manufacture of functional foods and food
supplements [18].

The current extraction techniques aforementioned show benefits like reduction of
the extraction time, number of unit operations, energy consumption, environmental im-
pacts, economical costs, quantity of solvent, and waste production, aiming to guarantee
safe and quality extracts and/or products, and being more efficient to recover the phy-
tochemicals present in wine by-products [19] as well as to enhance the formulation and
microencapsulation techniques to develop an ingredient to be used in the industry (Table 2).

Table 2. Main technologies for the encapsulation of winemaking wastes.

. Process Encapsulation .
Raw Material Technology Variable/Formulation Agent Main Result References
Spray drying with the main
chamber of 165 mm
diameter, 600 mm Maltodextrin and .
. . . Encapsulation
cylindrical height, and gum arabic as officiency 98.8°%
. . 1.5 mm nozzle diameter at coating material. Z e
Microcapsulation. P i inl Two diff . and 99.1% for core:
Buchi B-290 spray our air inlet temperatures wo ditterent core: coating ratios of 1:1
Dry grape . b (120, 140, 160, 180 °C). The coating material . ’
4 drying (Buchi . . . and 1:2. Highest [20]
residue pressed . pump power was kept at ratios (1:1 and 1:2), . o
Labortechnic AG, . . yield (64.9%)
. 40% to maintain feed flow three different .
Switzerland). Rt . ) MD:GA ratio 10:0,
rate as 12 mL min™", and air  maltodextrin: gum at temperature
flow rate as 35 m® h—1. arabic ratios 180 ° Cp
During drying processes, (10:0, 8:2, and 6:4)
the temperature of the feed
mixture was 25 °C
Spray drying
Agiorgitiko (Buchl, B-191, Ratio pf wall—to—co.re . Maltodextrin:skim Optimum Val.ues
(Vitis vinifera) Buchi material of 8.8, an inlet air milk powder of encapsulation [21]
ape bomace Laboratoriums- temperature of 189 °C, a (50:50) efficiency (92.49%)
grapep Technik, Flawil, drying air flow rate of 65% ’ and yield (37.28%)

Switzerland)
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Table 2. Cont.
Raw Material Technolo Process Encapsulation Main Result References
8y Variable/Formulation Agent

Spray drying .

process Buchi Peristaltic pump set to 40%  Maltodextrin z;l fa?glec(;(:fgdp(j?les

B-290 equipped power, 12 mL min~! feed dextrose . .

with a flow rate, and 35 m3 h— ! air  equivalents optimal conditions
Dry grape ’ d were stored at two
residue pressed 1.5 mm nozzle flow rate. The temperature (MDDE4-7 and different relative [22]

P diameter and of the feed mixture kept MDDE17-20) and e
o . . humidities (33%

600 mm x 165mm  constant at 25 °C during gum Arabic and 52%) durin

main spray drying process. (G9752) 75 da SO &

chamber ys:

Used a 2 mm nozzle and air Bordo grape
. . flow of 40 L/min. The . extracts using

Pilot spray drying . The carrier agent .
Byproducts model MSD 5.0: compressor air pressure was o maltodextrin
(seeds and peels) freeze-drvin 'ir; 0.2 MPa and the feed rate of atomization produced powders
of Bordo the pro e}; & the mixture 44 mL/min, OCeSS WaSs with low moisture [23]
red grapes o uf mpen t model performed by a peristaltic fnal todextrin content, low
(V. labrusca) Lcé 11:5,00 pump. Variables tested were MOR-REX® 1910 hygroscopicity,

inlet air temperature high solubility, and

(130, 150, and 170 °C) stable color.

The use of mixtures of encapsulating agents increases the efficiency and prolongs the
durability of the encapsulation, as detailed in the works in the table above. One of the main
advantages of encapsulation is to maintain and/or improve the shelf life and stability of
bioactive compounds. In summary, encapsulation can generate a strategy to improve the
stability of these compounds, and therefore the development of value-added foodstuffs
to meet the growing consumer demand in the food, agricultural, and pharmaceutical
industries [24].

One investigation carried out in grape pomace compared different types of maltodex-
trin and concluded that the choice of agent plays a crucial role in the storage stability
of polyphenols, showing maltodextrin DE4-7 as significantly better in protection than
maltodextrin DE17-20 in all conditions. Moreover, under identical experimental conditions,
the stability of microencapsulated polyphenols was much higher at a relative humidity of
33% than at 52% [22].

The mixture of encapsulate material represents an alternative to improve the com-
pound stability. Another study used protein concentrate (WPC), maltodextrin (MD), and
gum arabic (GA) as encapsulating materials in differences preparation, WPC:MD/GA
(5:0, 4:1, 3:2, and 0:5) followed by freeze drying. The grape seed extract [38] microcapsules
coated with a WPC:MD/GA ratio of 4:1 and 3:2 with core-to-coat ratio of 1:5 were found to
have the highest encapsulation efficiency (87.90-91.13%) and the smallest particle size with
the maximum retention of antioxidant activity [39].

Hence, these are a source of functional compounds that can be exploited in the pro-
duction of innovative foods and packaging, cosmetics, and also of new ingredients of the
next-generation focus on viruses.

In fact, encapsulation of antivirals for food applications has been little explored. The
lack of absorption of the bioactive compounds extracted from by-products of the wine
industry limits their health benefits or their pharmaceutical use [25]. Their low stability
is mainly attributed to poor absorption from the human gastrointestinal tract. Phenolic
compounds found in wastes have to pass through the human gastrointestinal tract and
be absorbed by enteric epithelial cells as they are administered orally. Furthermore, the
extremely low pH (approximately 2.0) of gastric fluid and digestive enzyme can degrade
these bioactive compounds in the human stomach [25]. Consequently, they have very
low bioavailability. Hence, nanoparticle-based carriers present a great promise for control
release since the passive transcellular pathway, the paracellular pathway, and endocytosis
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may be able to absorb nanoparticles loaded with bioactive compounds extracted from the
wine industry.

Recent developments in the encapsulation of antiviral compounds include the use
of chitosan to enhance the protection of epigallocatechin (-) gallate (a green tea polyphe-
nol) [26]. This compound, microencapsulated, showed the potential to prolong antiviral
activity against murine norovirus through gradual bioactive release combined with its
protection against degradation under simulated physiological conditions. Therefore, these
results highlight the potential of encapsulated natural antiviral compounds for use in food
applications. Encapsulation of these antiviral compounds may provide enhanced and
prolonged antiviral activity thanks to biopolymeric encapsulation matrices. Moreover,
different studies demonstrated the efficacy of alginate-based release particles [40], sug-
gesting that encapsulation could represent a viable tool for the transport and delivery of
antiviral compounds.

4. New Insights against Disease and Viruses

Phenolic compounds from wine by-products play a protective role in plants that can be
extrapolated to other living organisms. For humans, an excess of Reactive Oxygen Species
(ROS) in the body can enhance the development of chronic non-communicable diseases
such as cancer, cardiovascular disorders, neurodegenerative damage, Alzheimer’s disease,
and inflammation in different organs [41]. Special attention is given to anthocyanins that
contribute 90% of the antioxidant capacity of fruits, whereas the remaining 10% is attributed
to flavonols, flavan-3-ols, and phenolic acids [42]. In addition, phenols exhibit chelating,
anticancer, antimicrobial, and anti-inflammatory activities [43]. These capacities allow these
phenols to react in biological systems, decreasing the occurrence of degenerative diseases
associated with oxidative stress in tissues and organ systems [44]. This confirms that the
continuous intake of food products with a high antioxidant content is associated with a
lower incidence/severity of developing pathophysiological problems [41].

The target for valorization of these wastes is not only limited to remediating environ-
mental problems, but also to utilize them as a source of functional ingredients. Valorization
of waste from wineries provides commercialization of phenolic extracts, dietary fibers, and
oil derived from grape pomace. Some of the residues and/or by-products generated in the
production of wine have compounds with health-promoting properties, e.g., anthocyanins,
which are highly concentrated in the pomace and have anti-inflammatory properties and
antioxidant activity in human low-density lipoproteins [45], as well as positive effects on
microcirculation diseases and ocular function [46].

Some studies have reported antiviral activity of phenolic compounds from grapes and
grape products as well as from wine by-products (Table 3) [47].

Table 3. Studies on the health/biochemical properties of different bioactive extracts against some
diseases and viruses.

Bioactive Ingredient Extract Disease and Virus Reference

Gut morphology, apparent digestibility of nutrients, microbial

Grape seed and grape marc meal extract composition in faeces, and the expression of pro-inflammatory [48]

genes in the intestine of pigs.

Extraction from wine production waste (seeds,
skin, and pomace) from Pinot noir and Anti-influenza activity [49]

Pinot meunier

Polyphenols extraction from Cabernet
Sauvignon grape pomace

Effect of different classes of antibiotics against Staphylococcus
aureus and Escherichia coli, especially against multi-drug [50]
resistant clinical isolates

Oligostilbenoids isolated from extracts of Vitis
vinifera L. Pinot Noir grape canes

Antiproliferative activity on four different cell lines (MCR-5,
AGS, SK-MES-1, and J82) determined by means of the MTT [51]
reduction assay.
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Table 3. Cont.

Bioactive Ingredient Extract Disease and Virus Reference

Antiviral activity against two human viruses: The Herpes
Leaf extract Vitis vinifera var. Paulsen 1103 simplex virus type 1 (HSV-1) and widespread severe acute [52]
respiratory syndrome coronavirus 2 (SARS-CoV-2).

Inhibit the growth of Listeria monocytogenes, Staphylococcus
aureus, Salmonella enterica subsp. enterica serovar Typhimurium, [53]
and Escherichia coli 0157

Phenolic extract from grape stems (Vitis vinifera
var. Red Globe)

Hydroalcoholic extract from grape pomace var. Ovicidal and larvicidal activity against gastrointestinal

Maéximo IAC 138-22 nematodes of sheep. 541
Antiviral activities against hepatitis A virus (HAV) and human

Grape seed extract norovirus surrogates (feline calicivirus (FCV-F9) and murine [55]
norovirus (MNV-1)).

Grape seed-extracted proanthocyanidin Inhibition of porcine reproductive and respiratory syndrome [56]

virus (PRRSV)

Animal models are the main focus of studies to evaluate the in vivo antioxidant
activity of phenolic matrices from winemaking wastes. Nowadays, there are biomarkers
in urine and blood that are evaluated after the supply of the functional ingredient in rats,
and even the intestinal microbiota, can be studied in relation to bioassimilation and/or
bioavailability [57]. A study in rats showed that a high-cholesterol diet with 15% pomace
incorporated halved liver and serum cholesterol levels, increased high-density lipoprotein
by up to 26%, and had positive effects on microcirculatory disease and ocular function [58].
There is also evidence that grape seed extracts are a rich source of polyphenols, reducing
the risk of heart disease by inhibiting Low Density Lipoprotein (LDL) oxidation, improving
endothelial function, lowering blood pressure, preventing platelet aggregation, reducing
inflammation, and activating proteins that prevent cellular senescence [59]. In addition,
polyphenols from grape pomace increased the biodiversity degree of intestinal microbiota
in broiler chicks [60], and improved the gain-to-feed ratio and overall performance in
pigs [38,48]. Furthermore, grape pomace altered the nitrogen metabolism and decreased
the ruminal ammonia production in male sheep [61] and modified the rumen microbial
population involved in methane metabolism [62], enhancing the growth of facultative
probiotic bacteria, and inhibited the growth of pathogenic ones in lambs [63].

Recent studies have shown that flavonoids exhibit antiviral activity against HIV, HSV,
influenza virus (IV), RSV, severe acute respiratory syndrome coronavirus (SARS-CoV),
measles, and rotavirus [64]. Resveratrol was also recently reported as inhibiting MERS-CoV
infection by extending cell survival after virus infection and decreasing the expression of
the nucleocapsid (N) protein, essential for MERS-CoV replication. This is supported by
varied mechanisms of action, such as inhibition of adsorption, virus entry, virus binding,
RTase, integrase, protease, inhibition of replication of DNA and RNA polymerases, and
formation of protein complexes [65].

Grape extracts (skin and whole red grapes), grape juice, and wine were reported to
inactivate various enteric viruses and herpes simplex virus (HSV) type 1 [49,66].

Bioactive compounds isolated from winemaking wastes, mainly flavonoids, may rep-
resent an interesting option against viral diseases. Indeed, flavonoids lack systemic toxicity,
while their ability to synergize with conventional drugs has been widely demonstrated.
Furthermore, they are considered as pleiotropic compounds, which indicates that multiple
pathways where intercepted and also different cellular targets [67]. These characteristics
make flavonoids potential candidates for interfering with the life cycle of coronaviruses [68].
To achieve maximum benefit from wine production waste extracts as an antiviral natural
compound, more information is needed on the active compounds present in these extracts
or isolated, the effect of the extraction method and the green extraction system used to
obtain the bioactive compounds [49].
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5. Future Perspectives

The worldwide demand for wine has been growing in recent decades, which has led
to an increase in the use of winemaking by-products. The studies discussed in this review
point out the potential of phenolic compounds present in wine and winemaking waste.
Bioactivity, bioavailability, and toxicology of phytochemicals are based on the knowledge
studied and provide a possibility of use as promoters of human health, dietary enhancers
in animals, and other uses such as those exploited by the cosmetic industry. It is essential to
perform tests in in vitro and in vivo conditions and to focus the work on the processes of
green extraction, isolation, purification, and recovery to obtain greater quantities of healthy
bioactive phytochemicals to discern the interaction within the food matrix. Nowadays, there
is a clear need for potentially efficient natural products against COVID-19, which requires
an in-depth study of the phytochemical potentials found in residues. Special attention has
been given to flavonoids as natural substances that promote the prevention or recovery
from SARS-CoV-2 infection due to the wide range of their biological effects, including
the modulation of inflammatory processes and immune responses. At present, the fight
against coronavirus has been conducted based on treatment with drugs traditionally used
against other pathologies generated by viruses (HIV protease inhibitors, such as ritonavir
and lopinavir, and anti-inflammatory agents, such as tocilizumab or dexamethasone); the
bioactive compounds mentioned in this review, such as flavonoids, are a viable alternative
since they lack systemic toxicity, generate a synergy with traditional drugs, and present a
pleiotropic effect, since their functional groups can interact with different cellular targets
and intercept multiple pathways. It is also important to point out that the use of these
bioactive compounds as antivirals can have not only a curative but also a preventive effect
since they can inhibit the proteases of the viruses, blocking their propagation.

With the current knowledge regarding the nutritional and phytochemical composition
of winemaking residues, more and better research is needed to understand the composition
and deliver accurate results for use and application of innovative products that contribute
not only to the nutritional or medical field but are a viable alternative for saving time and
reducing the environmental impact of wine production worldwide. Finally, it is important
to point out that the characteristics of the by-products will depend on a variety of factors,
mainly regarding grape production, agronomic management (irrigation, fertilization, etc.),
the geographical place of origin, and the management inherent to wine production within
the winery.
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Appendix A

Table A1l. Main bioactive compounds found in pomace by-products.

Compounds of Interest

Grape Pomace (Skin and Seed)

Grape Skin

Grape Seed

1090.1 pg g~ of extract (RP-HPLC) [69]
397.67 ug mL~! of extract (HPLC-DAD) [72]

122 ug g~ ! of extract (HPLC-UV) [70]
8.76 mg kg~ ! dw (UHPLC-DAD-MS/MS) [73]

9.8 mg kg~ ! of fresh grape (HPLC-DAD-FLV) [71]
30.3 mg kg~ ! dw (RP-HPLC/UV) [74]

Gallic acid 252.8 ug g~ ! of extract (HPLC-MWD) [8] 1.19 mg kg~ ! of grape (HPLC-DAD) [75] 136.74 mg kg ! dw (UHPLC-DAD-MS/MS) [73]
95.36 mg kg ! dw (HPLC-ESI/MS/MS) [76] 1.92 mg kg ! of grape (HPLC-DAD) [75]
260.92 mg L~ of extract (HPLC-PDA-MS) [77]

Syringic acid 1731.7 ug g*1 of extract (HPLC-MWD) [8]

Caffeic acid 16.0 pg g~ ! of extract (HPLC-MWD) [8] 0.54 mg kg~ ! dw (UHPLC-DAD-MS/MS) [73] 1.06 mg kg~! dw (UHPLC-DAD-MS/MS) [73]

438.43 mg kg~! dw (HPLC-ESI/MS/MS) [76]

p-Coumaric acid

64.6 ug g~ ! of extract (HPLC-MWD) [8]
214.55 mg kg ! dw (HPLC-ESI/MS/MS) [76]

1.96 mg kg ! of grape (HPLC-DAD) [75]

Ferulic acid

24.1 ug gfl of extract (HPLC-MWD) [8]
1.33 mg kg~! dw (HPLC-ESI/MS/MS) [76]

2.12 mg kg~! dw (UHPLC-DAD-MS/MS) [73]

2.17 mg kg~! dw (UHPLC-DAD-MS/MS) [73]

Caftaric acid

1.80 mg kg~ dw (HPLC-PDA-ESI-MS/MS) [78]

Trans-resveratrol

36.0 ug g~ ! of extract (HPLC-MWD) [8]
20.66 mg kg~ dw (HPLC-ESI/MS/MS) [76]

5.64 mg kg~ ! dw (UHPLC-DAD-MS/MS) [73]
143 mg kg_1 of grape (HPLC-DAD) [73]

Cyanidin 3-O-glucoside

870 ug g~ ! of extract (HPLC-MWD) [8]
6.99 mg kg~ ! dw (HPLC-UV-DAD) [80]

528 mg kg~! dw (UPLC-DAD-MS) [79]

36.77 mg kg~ ! dw (HPLC-ESI/MS/MS) [76]
452 ppm of dry extract

1.8 umol kg ! of grape (HPLC-DAD/FLD) [81]

2.42 mg kg~! dw (UHPLC-DAD-MS/MS) [73]

o -1 3 i
Myricetin (HPLC-DAD-ESI-MS/MS) [82] 21 mgkg™" dw (UHPLC-DAD-MS/MS) [73]
2.45 mg kg~ dw (HPLC-PDA-ESI-MS/MS) [78]
Ruti 998.5 ug g~ ! of extract (RP-HPLC) [69] 57.04 mg kg~ dw (HPLC-DAD) [83] 9.05 mg kg~! dw (HPLC-DAD) [83]
utn 112.96 ug mL ™! of extract (HPLC-DAD) [72] 223 ug g~ ! of extract (HPLC-UV) [70] 30.7 mg kg ! dw (RP-HPLC/UV) [74]
Delphinidin 1043 ug g*1 of extract (HPLC-MWD) [8]

3-O-acetylglucoside

9.79 mg L1 of extract (HPLC-PDA-MS) [77]
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Table Al. Cont.

Compounds of Interest

Grape Pomace (Skin and Seed)

Grape Skin

Grape Seed

(+)-Catechin

5083 pg g~ ! of extract (RP-HPLC) [69]
89.73 mg kg~ dw (HPLC-PDA-ESI-MS/MS) [78]

275.09 pg mL~! of extract (HPLC-DAD) [72]

3387.5 ug g-1 of extract (HPLC-MWD) [8]

13.20 mg kg~! dw (HPLC-DAD) [83]

628 ug g~ ! of extract (HPLC-UV) [70]

49.38 mg kg~! of grape
(HPLC-DAD-ESI-MS/MS) [84]

7.47 mg kg~ ! dw (UHPLC-DAD-MS/MS) [73]

11.45 mg kg~ ! of grape (HPLC-DAD) [75]
25 mg kg~ ! of fresh grape (HPLC-DAD-FLV) [71]

117 mg kg~! dw (HPLC-DAD) [83]
270 mg kg_1 of fresh grape (HPLC-DAD-FLV) [73]

21.1 mg kg~! dw (RP-HPLC/UV) [74]

86.73 mg kg ! of grape
(HPLC-DAD-ESI-MS/MS) [84]

270.26 mg kg~! dw (UHPLC-DAD-MS/MS) [71]
106.5 mg kg ! of grape (HPLC-DAD) [75]

(-)-Epicatechin

192.8 ug g_1 of extrac (RP-HPLC) [69]
1763.4 ug g1 of extract (HPLC-MWD) [8]

112.72 mg kg ! dw (HPLC-PDA-ESI-MS/MS
(Lingua, 2016 #242)

323 ug g_1 of extract (HPLC-UV) [70]

13.55 mg kg~ ! of grape
(HPLC-DAD-ESI-MS/MS) [84]

3.56 mg kg~ ! dw (UHPLC-DAD-MS/MS) [73]

2.67 mg kg~ ! of grape (HPLC-DAD) [75]
13 mg kg ! of fresh grape (HPLC-DAD-FLV) [71]
47.50 mg kg~! dw (HPLC-DAD) [83]

210 mg kg_1 of fresh grape (HPLC-DAD-FLV) [71]
38.1 mg kg~! dw (RP-HPLC/UV) [74]

6.81 mg kg~ ! of grape
(HPLC-DAD-ESI-MS/MS) [84]

223.08 mg kg~! dw (UHPLC-DAD-MS/MS) [73]
77.51 mg kg ! of grape (HPLC-DAD) [75]

Kaempferol

346.8 ug g~ ! of extract (RP-HPLC) [69]
28.53 mg kg~! dw (HPLC-ESI/MS/MS) [76]

2.37 mg kg~! dw (HPLC-UV-DAD) [80]
34.23 mg kg~ dw (HPLC-PDA-ESI-MS/MS) [78]

34.2 mg kg~ dw (UPLC-DAD-MS) [79]

0.41 umol kg~ ! of grape
(HPLC-PDA-ESI-MS/MS) [78]

8.93 mg kg~ ! dw (HPLC-DAD/FLD) [81]

14.89 mg kg~! dw (UHPLC-DAD-MS/MS) [73]
1.53 mg kg~! dw (UPLC-DAD-MS) [79]

Quercetin 3-glucuronide

130 mg kg~! dw (HPLC-UV-DAD) [80]
81.42 mg kg~ dw (HPLC-PDA-ESI-MS/MS) [78]

22 mg kg~! dw (UPLC-DAD-MS) [79]
0.98 mg 100g ! (HPLC-DAD) [75]

990 ppm of dry extract
(HPLC-DAD-ESI-MS/MS) [82]

Peonidin 3-O-glucoside

0,15 mg g~ ! of extract (HPLC-UV-DAD) [85]
2460 pg g_1 of extract (HPLC-MWD) [8]

18.31 mg L~! of extract (HPLC-PDA-MS) [77]
1591 ppm of dry extract
(HPLC-DAD-ESI-MS/MS) [82]

18.70 mg kg~ ! dw (HPLC-UV-DAD) [80]

0.97 mg kg~ ! dw (HPLC-PDA-ESI-MS/MS) [78]

551 mg kg~! dw (UPLC-DAD-MS) [79]
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Table Al. Cont.

Compounds of Interest

Grape Pomace (Skin and Seed)

Grape Skin

Grape Seed

Malvidin 3-O-glucoside

5,70 mg g~ ! of extract (HPLC-UV-DAD) [85]
26,658 pg g~ ! of extract (HPLC-MWD) [8]

955.85 mg L1 of extract (HPLC-PDA-MS) [77]
12182 ppm of dry extract
(HPLC-DAD-ESI-MS/MS) [82]

64.6 mg kg~ ! dw (HPLC-UV-DAD) [80]

142.22 mg kg~ dw (HPLC-PDA-ESI-MS/MS) [78]

2489 mg kg~ dw (UPLC-DAD-MS) [79]

Quercetin

650.2 ug g1 of extract (RP-HPLC-DAD) [69]
159.60 ug mL~! of extract (HPLC-DAD) [72]

557.3 ug g~ ! of extract (HPLC-MWD) [8]

26.25 mg kg ! dw (HPLC-ESI/MS/MS) [76]
382.93 mg L1 of extract (HPLC-PDA-MS) [77]
0.54 mg g~ ! of extract (HPLC-UV-DAD) [85]

392 ppm of dry extract

(HPLC-DAD-ESI-MS/MS) [82]

15.30 mg kg~ ! dw (HPLC-UV-DAD) [80]

251.06 mg kg~! dw (HPLC-PDA-ESI-MS/MS) [78]

316 ug g~ ! of extract (HPLC-UV) [70]

40.03 mg kg~! dw (HPLC-DAD) [83]

0.53 umol kg*1 of grape (HPLC-DAD/FLD) [81]
121.94 mg kg~ dw (UHPLC-DAD-MS/MS) [73]
1043 mg kg~! dw (UPLC-DAD-MS) [79]

3.68 mg kg~ ! dw (HPLC-DAD) [83]

1009.4 mg kg~ dw (RP-HPLC/UV) [74]
11.72 mg kg~ ! dw (UHPLC-DAD-MS/MS) [73]

Delphinidin
3-O-glucoside

0,16 mg g~ ! of extract (HPLC-UV-DAD) [85]
4581 ug g1 of extract (HPLC-MWD) [8]
4.47 mg L1 of extract (HPLC-PDA-MS) [77]
775 ppm of dry extract
(HPLC-DAD-ESI-MS/MS) [82]

3.73 mg kg~ ! dw (HPLC-UV-DAD) [80]

870 mg kg~! dw (UPLC-DAD-MS) [79]

Petunidin
3-O-acetylglucoside

1424 ug g*1 of extract (HPLC-MWD) [8]
7213 mg L1 of extract (HPLC-PDA-MS) [77]
0.86 mg kg~ dw (HPLC-PDA-ESI-MS/MS) [78]

Malvidin
3-O-acetylglucoside

2,02 mg g~ of extract (HPLC-UV-DAD) [85]

4021 pg g~ ! of extract (HPLC-MWD) [8]

1718.92 mg L~ of extract (HPLC-PDA-MS) [77]
937 ppm of dry extract

(HPLC-DAD-ESI-MS/MS) [82]

0.96 mg kg~ ! dw (HPLC-UV-DAD) [80]

195.01 mg kg~ dw (HPLC-PDA-ESI-MS/MS) [78]

486 mg kg~! dw (UPLC-DAD-MS) [79]
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Table Al. Cont.

Compounds of Interest

Grape Pomace (Skin and Seed)

Grape Skin

Grape Seed

Cyanidin 3-O-p-
coumaroylglucoside

1886 ug g~ ! of extract (HPLC-MWD) [8]
3.99 mg L~! of extract (HPLC-PDA-MS) [77]

327 mg kg~! dw (UPLC-DAD-MS) [79]

Petunidin 3-O-p-

2481 pg g*1 of extract (HPLC-MWD) [8]
29.95 mg L1 of extract (HPLC-PDA-MS) [77]
765 ppm of dry extract

339 mg kg~! dw (UPLC-DAD-MS) [79]

coumaroylglucoside (HPLC-DAD-ESI-MS/MS) [82]
72.95 mg kg~! dw (HPLC-PDA-ESI-MS/MS) [78]
Peonidin 1902 pg g~ ! of extract (HPLC-MWD) [8]

3-O-acetylglucoside

32.64 mg L~ ! of extract (HPLC-PDA-MS) [77]
1.83 mg kg~! dw (HPLC-PDA-ESI-MS/MS) [78]
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