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Grape-infusion preparation is no more than a sustainable or green way of extracting polyphenols and other nutraceutical
compounds from grapes and grape leaves. Grapes and grape/wine by-products are a rich source of health-promoting
compounds, presenting great potential for the development of new beverages.
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| 1. Introduction

Wineries produce a large amount of waste during the grape-harvesting and winemaking periods. It is estimated that 1
billion kgly of grape stalks are produced worldwide [ and the total amount of solid waste produced, after winemaking,
may well account for over 30% (w/w) of the grapes used 2,

For some time now, there has been a greater demand for sustainable food production. Low use of inputs, zero waste,
aggregation of social values, and minimization of environmental impact are essential premises for food production in the
world today. To implement sustainable practices in the wine industry, and in all its by-products, aiming to achieve a
“Greener Enology/Viticulture”, it is necessary to fully understand the constitution of the plants and Enological/Viticultural
processes to better profit from their use, in an environmentally friendly way.

Vitis vinifera L. is a species that has always accompanied man over time B4, |t is considered one of the most important
cultures in the world (77.8 million tons in the world production of grapes in 2018 from 7.4 million hectares &), both in
terms of economic valuation and occupied area €. Wine and spirits are the main products of the vine industry. However,
they are not the only products. Thus, fresh grapes, raisins, juices, jellies, molasses, jam, and dishes cooked with vine
leaves, are also foodstuffs with nutraceutical characteristics produced from the approximately 5000 cultivars of Vitis
vinifera used in the grape industry M8 As an example of benefits related to human health, several studies cited by
Cosme et al. @ in grapes and their derivatives, where anti-inflammatory, anticancer, antimicrobial, antiviral,
cardioprotective, neuroprotective, and hepatoprotective activities are attributed.

Vitis vinifera is a climbing species (Figure 1), where different organs are recognized, such as roots, trunk, cordon, shoots,
leaves, tendrils, and berries L1
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Figure 1. Grapevine structures.



All parts of this plant have ingredients that are essential for making an infinite variety of value-added products. However,
we are going to focus our work on grape berries and leaves once they are the most profitable organs of this species and
are described below.

1.1. Grape Berry

The vine bear fruit in a cluster (Figure 2A). The fruit is botanically called berry as it reserves the seeds protected by a
pericarp inside 11,
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Figure 2. (A) Vine cluster with leaves and a schematic structure of a grape berry. (B) Anatomical section of pericarp and
mesocarp of the grape berry. Arrows indicate the peripheral carpellary bundles. Adapted from Zhang et al. 12,

Depending on the cultivars, the size and shape of the berries vary greatly. The berries may have a rounded, ovoid, oblate,
or elliptical shape 19 The changes in color, size, aroma, flavor, and texture, observed throughout the development of the
berry, are due to changes that occur in the contents of the cell vacuoles 131, With an integrated structure, three different
layers of tissue can be observed in the berries:

« Exocarp—includes the cuticle (a waxy layer), epidermis, and hypodermis, consisting of 6 to 8 layers of cells smaller in
size than the mesocarp cells 8. However, between 5 to 18% of the fresh weight of the berry is attributed to the skin 14!
151, The epidermis is formed by tangentially elongated cells, one or two layers. The hypodermis can represent four to
five layers of cells, in which the outermost layers of the cells have a rectangular shape, as opposed to the innermost
layers in which the cells are polygonal [EI[L6],

* Mesocarp (Figure 2B)—rich in anthocyanins in red cultivars, occupies between 85-87% of the grape volume. Is made
up of rounder and polygonal cells, with thin cell walls, very vacuolized 17 |t is exactly in these organelles, the
vacuoles, where it is possible during the ripening of the grape to find sugars, organic acids, water, and ions 231,

« Endocarp—includes the pericarp in whose locules can be found from two to four seeds (Figure 2) 8. Of all parts of
the vine, it is in the seeds that the highest concentration of phenolic compounds is found <.

1.2. Grape Leaves

Although the grapevine is a particularly important crop in the world economy, and the use of grape leaves in gastronomy
is already very ingrained in some cultures, namely in Europe, North Africa, and the Middle East [I29 it would be
important to foster new ways of valuing this nutritionally rich by-product 2122123 Thys, knowledge of the ultrastructure of
the leaves of the different cultivars is important to assess the viability of their use in human food. According to Vilela and
Pinto 241, some varieties of Vitis vinifera have crystals of calcium oxalate in the leaves, making its use unfeasible for
human consumption, due to the potential risk of causing kidney stones [22],

Typically, the vine leaf has a hand-like shape, with three lobes (Figure 3A) [28l27128] zthough its shape may vary with the
cultivar. With a heterogeneous mesophyll, it is easily recognized that the upper surface of the leaf is structurally different
from the lower surface. Thus, associated with the upper surface the palisade chlorophyll parenchyma is identified, where
the cells are rod-shaped, close together and with few spaces between them. The lower surface also allocates chlorophyll
parenchyma, but with round cells with an irregular contour and many intercellular air spaces, named spongy parenchyma
(Figure 3B,C). This difference in the structure of the chlorophyll parenchyma associated with the two pages of the leaf
implies an uneven distribution of chlorophyll on both sides of the leaf. Thus, the leaf shows different coloring on the two
pages, darker green on the upper surface and light green on the lower surface 2. The entire leaf is traversed by a
vascular system organized in bundles composed of xylem and phloem (Figure 3B,C), with greater representation in the



main vein. Associated with these, it is still possible to identify support tissue, mostly fibers [ The entire leaf is covered
externally by a protective tissue, the epidermis, where stomata are mostly distributed on the lower surface.

Figure 3. Vitis vinifera leaf (A), a cross-section of the main vein (B) and mesophyll (C). 1, Upper epidermal cells; 2,

palisade parenchyma; 3, spongy parenchyma; 4, lower epidermal cells; 5, xylem; 6, phloem. Adapted from Cosme et al.
i8],

| 2. Nutraceutical Compounds of Grape Berries and Grape-Leaves

The economic importance of grape and wine production in many countries is widely recognized. In the 21st century, world
wine production has remained relatively stable. In 2016, it reached 267 million hectoliters, with geography very dispersed
throughout the world, with Europe holding a dominant position with 60% of production, Figure 4 B9,
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Figure 4. World geography of wine and grape production in 2016. Adapted from Hogg and Rebelo B9,

The relevance of grape production and its by-products is not limited to economic factors, but also its nutritional and
functional properties. This material is considered a rich source of bioactive compounds, thus being of interest to the
cosmetics, pharmaceutical, and food industries.

The phenolic compound’s potential protective role has been widely studied. Its antioxidant properties are attributed to its
ability to remove free radicals and inhibit the formation of reactive species during metabolic processes, to prevent damage
to biomolecules such as lipids, proteins, and nucleic acids, contributing to the prevention of cell damage 3132, Even
more, it may involve block cell propagation and apoptosis as well 23],



Polyphenols are a major class of bioactive phytochemicals 23], Cassidy and co-workers 24 estimated the existence of
more than 8000 known phenolic compounds, which include several subclasses such as phenolic acids, flavonoids,
stilbenes, lignans, and tannins.

Structurally based on a 15-carbon skeleton arranged in three rings (C6-C3-C6) (see Figure 5) 21, flavonoids comprise a

large group of phenolic compounds, including flavan-3-ols, flavonols, flavones, isoflavones, flavanones, and anthocyanins
[35]

Figure 5. The basic structure of flavonoids. A and B—benzene rings; C—closed pyran ring.

Most flavonoids are transformed in the small intestine before being absorbed. Although most ingested flavonoids are
absorbed in the small intestine, there is also significant absorption in the large intestine 837, Readers should note the
example of green tea in which, according to Selma et al. 28], a part of its flavonoids is metabolized in the small intestine
before being absorbed, and another part is metabolized by the large intestine microbiota forming phenolic acids. Crozier
et al. 28 also mention that the colon bacteria influence the absorption of several flavonoids, which may determine their
bioavailability in the systemic circulation.

Among the various foods rich in flavonoids are tea, grapes, and red wine B2, The grape seed extract was recently shown
to improve the disturbance and metabolic function of intestinal flora in rats 2. Several studies showed that ingestion of
flavan-3-ol from various dietary sources has positive effects on cardiovascular disease, reducing the risk of diabetes,
cholesterol levels, blood pressure BUML What is more, Arts et al. 42 found an inverse relationship between coronary
heart disease and consumption of flavanols, flavonols, and flavones. Peter et al. 43l report an 11% reduction in the risk of
cardiovascular disease demonstrated by the ingestion of three cups of tea a day. Age-related vascular problems can also
be avoided by consuming flavanols and flavonols 4. Anthocyanins, as with other polyphenols, also have anti-
inflammatory properties and positive vascular effects 24, Indeed, ingestion of flavonoids and anthocyanins has led to
reduced mortality related to cardiovascular disease 42!,

Over the past two years, many meta-analyses have shown a positive relationship between cardiovascular disease and
COVID-19 disease severity [2814714811491[50] O the other hand, resveratrol is known for its antiviral effects against several
respiratory tract viruses B including MERS-CoV 2. So, several studies have already anticipated the potential
implementation of resveratrol in the treatment of COVID-19. Yang et al. 23 demonstrated that resveratrol inhibits SARS-
CoV-2 replication in cultured Vero cells and, as a result, its potential utility as a new therapy has been proposed. Wahedi
et al. 54 recognized that resveratrol is a promising candidate for drug development against COVID-19. Furthermore, with
its proven antithrombotic effects, resveratrol has been proposed as an adjunct treatment to delay and improve vascular
thrombosis in the course of COVID-19 B8 it has a beneficial effect on the modulation of inflammation without
compromising the adaptive immune response 28, Given its antioxidant effect, it may also contribute to the prevention of
viral protein binding in host cells 24, The association of resveratrol with essential minerals is beneficial in reducing the
mortality of patients with COVID-19 28], Resveratrol is also recognized as a cardioprotective supplement for mitigating
cardiotoxicity associated with chloroquine/hydroxychloroquine treatment in SARS-CoV-2 patients, enhancing its antiviral
potency B9,

In different concentrations, grape berry tissues are still rich in other types of compounds [£2:



« Sugars such as glucose, fructose, and sucrose.
« Organic acids such as malic, tartaric, and citric acid.
« Aroma precursors, which could be volatile and non-volatile.

In addition to its wide use in the gastronomy of some cultures, the leaves of the vine have also been used for medical
purposes, such as to stop bleeding, inflammation, pain, and diarrhea [81. Leaves, usually discarded by grape farmers, are
a rich source of vitamins, minerals, crude fiber, and phenolic compounds [4(€2],

Flavonols 831 caffeic acid 64, hydroxycinnamic tartaric esters, catechin, quercetin, rutin, and kaempferol M are
compounds that can be found in leaves. However, according to Lacerda et al. 2, the acid gallic acid is the dominant
phenolic acid in the vine leaf.

Resveratrol and some of its derivatives are present in various extracts of grape leaves, regardless of variety. Trans- and
cis-resveratrol and astringin (a stilbenoid), are the stilbenes that can be mentioned because they are present in some red
grape varieties such as Syrah, Merlot, Vranac, and white varieties such as Marastina and Posip 8. The phase of the
plant's vegetative cycle is also a determining factor in the concentration of phenolic compounds, increasing with
vegetative development: May (2911 mgL ™! gallic acid equivalents), September (3339 mgL! gallic acid equivalents) [£€!.

Additionally, Monagas et al. 84 when studying the composition of the vine leaf, identified anthocyanins (delphinidin,
cyanidin, petunidin, peonidin, and malvidin-3-glucosides and -3-(6-p-coumaroyl)-glucosides, and cyanidin and peonidin-3-
(6-acetyl)-glucosides), and non-anthocyanin compounds (trans-caftaric acid, and the -3-O-galactoside, -glucuronide and -
glucoside derivatives of quercetin and kaempferol, and quercetin aglycone).

3. Ways of Extracting Nutraceutical Compounds from Grapes and Grapes
by-Products

Grape marc, fermented or semi-fermented, is constituted by high contents of biodegradable compounds and solid by-
products, consisting mainly of grape stalks, seeds, skins, and wine lees. Grape marc is either sent to distilleries for
obtaining ethanol or grape-spirit, also called “Aguardente Velha” or Cognac when submitted to double distillation,
rectification, and wood-aging €8], or is discarded as natural waste. Recently, the productive use of such by-products can
offer economic advantages once they constitute an abundant feedstock for biodiesel production in wine-producing
countries B2 or they can be used—due to a high level of polyphenols that possess antioxidant and radical scavenging
activities C97Z1__to obtain nutraceutical compounds, such as polyphenols, used in food supplementation 2, in new
nutraceutical beverages formulations 22, in pharmaceutical formulations 4! and even in cosmetic products 21,

To avoid spoilage and time-degradation of grape marc, drying is used as a preservation method, inhibiting the growth of
microorganisms, and delaying chemical reactions Z8lZ7. Natural solar drying, or, when the sun is not available, hot-air
drying is the most used method to produce dried enological and agricultural products due to the smaller operating cost.
However, phenolic, and other nutraceutical compounds, that can be extracted from these biological wastes are heat-
sensitive substances 8], therefore temperatures lower than 60—70 °C are considered suitable for the pre-treatment of
grape marc and other agricultural by-products to retain its bioactive compounds 24191,

In the case of grape marc, when the focus compounds are soluble or weakly bound, such as polyphenols, the most
common technique of extraction is solid-liquid extraction, mainly based on organic solvents (SLE) Y. The most used
procedures, in the laboratory, are mechanical agitation and Soxhlet extraction (SOX) (Figure 6). In the 1st step (Figure
6A) the solid matrix is placed in SOX thimble and the solvent is heated under reflux. Then, condensation and extraction
with “fresh” solvent is carried out. Solutes are transferred from the extraction chamber into the reservoir (Figure 6B).
Continuous repetition of the extraction occurs (Figure 6C). Finally, exhaustive extraction is complete (Figure 6D) 1. The
total extraction time ranges between 12—-24 h, making this a time-consuming technique. Additionally, the most common

extractors use large amounts of purified solvent (several hundred milliliters) causing potential environmental pollution B4
[82]
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Figure 6. Schematic illustration of the workflow of SOX. Adapted from Weggler et al. 1, (A) The solid matrix is placed in
SOX thimble and the solvent is heated under reflux; (B) Solutes are transferred from the extraction chamber into the
reservoir; (C) Continuous repetition of the extraction occurs; (D) Exhaustive extraction is complete.

Solid-liquid extraction at a semi-industrial scale can be performed using ethanol/water solutions. Escobar-Avello et al. 3!
worked with grape canes (vine shoots), a viticultural by-product containing high levels of phenolic compounds. They used
grape canes of Vitis vinifera cv. Pinot noir, and a 750 L pilot-plant reactor under the following conditions: T = 80 °C, time
100 min, solid/liquid ratio 1:10. The extraction solvent was constituted by ethanol: water solution (80:20, v/v).

Other solid-liquid extraction solvents, including green solvents and methods, will be referred to further in this manuscript.

Due to the disadvantages presented (loss of compounds due to hydrolysis, oxidation of the target compounds during
extraction, long extraction time, and environmental pollution 841 this technique, and other similar ones, tend to be replaced
by novel extraction methodologies including mechanical extraction by ultrasound-assisted extraction (UAE) and
microwave-assisted extraction (MAE) @, and greener technologies such as supercritical fluid extraction (SFE) and
pressurized liquid extraction (PLE) [, The latter can achieve high yields of bioactive compounds with the use of food-
grade and non-toxic solvents [B8I87] Degrading enzyme mixtures of the grapes cell wall polysaccharide can also be used,
leading to the recovery of compounds with bioactive properties [E8I83],

4. Grape Infusions as a Way of Extracting Nutraceutical and Antimicrobial
Compounds

If an herbal formulation should generate far less or even zero wastes, otherwise the very essence of sustainability is
canceled, an infusion made of grape berries or leaves should follow the same principle. In this regard, a solid-liquid
extraction of bioactive substances from medicinal plants should embrace methodologies characterized by using water as
a solvent. That is the case with grape infusions. Dried non-fermented/semi-fermented and even fermented grapes, skins,
and seeds can be used in the preparation of infusions or tisanes [24],

To prepare the dried vegetal by-product for infusion preparation, the most utilized drying methods are hot-air/oven drying,
low temperature-air drying, and freeze-drying 2418991 Grape by-products can simply be placed into trays and dried in
ovens with controlled temperature and air circulation. Then, the dry material (non-fermented/semi-fermented or fermented
grapes, skins, and seeds) is crushed using a mincer and the minced material can then be used to prepare infusions by
adding water at a temperature of about 95-100 °C (Figure 7A-D).




Figure 7. Dehydrated berries at 60 °C (A) and crushed (B); Dehydrated berries at 70 °C (C) and crushed (D); Lyophilized
berries (E). The appearance of infusions prepared from dried berries at 60 °C (E) and 70 °C (F).

The drying temperature of the grapes influences the infusion’s chemical and sensory characteristics, including color 24
(Figure 7E,F). Yet, the optimal drying conditions for the storage of grape pomace, for further application, needs to be
more investigated in order to optimize the extraction of phenolics. Gerardi et al. 22 performed the drying by oven at 50 °C
which allowed the storage of grape skin from pomace, making it a fast and reproducible method.

Recently, Goulas et al. %3 studied the development of a functional infusion from the “Commandaria” grape pomace. They
varied the brewing parameters such as the ratio of water to grape pomace powder, infusion time, and infusion
temperature. Interestingly, brewing 200 mL of water per g of dried material for 12.2 min at 95 °C was the optimum method
for preparing the infusions. The infusions also presented antimicrobial activity against Listeria monocytogenes serotypes
S. enterica, S. aureus, and E. coli bacteria. Moreover, minimum inhibitory concentration (MIC) of 0.25-0.5 mg mL™2,
concentrations such as a cup of infusion, was able to prevent the growth of some Listeria serotypes.

Bekhit Ael-D et al. 24 aiming at studying the antioxidant activities, sensory and anti-influenza activity of grape skin tea
infusion found that low antioxidant recovery was obtained using hot water, however, the extracts maintained their antiviral
activity. They concluded that grape skin extracts could be incorporated in different functional health-promoting beverages.
Moreover, the use of ingredients such as green tea improved the antioxidant activity and the final infusion sensory profile.

Vine leaf infusion may also be an alternative for the valorization of vine leaves after the grape harvest. The leaves are
usually left on the vine; in the autumn they fall and are used as organic material for natural fertilization. The possible use
of vine leaves in herbal infusions depends on their aroma profile, as well as on their mouth-feel attributes, and, of course,
their potential benefit for human health. According to HMPC 82! for the grape-leaf extract preparation (Extractum Vitis
vinifera foliae aquosum siccum, 4—6:1), dried leaves of red varieties of Vitis vinifera L. (Vitis vinifera folium) which comply
with the monograph described in Pharmacopée Francaise for “Vigne rouge” are used. Thus, the herbal substance
consists of the dried leaves of the black to pulp-red grape which finally undergoes a specific production process resulting
in defined flavonol content in the dry extract preparation. While the whole dry extract preparation as such is considered as
an active agent, it is particularly characterized by its content of flavonol glycosides and glucuronides, i.e., quercetin-3-O-3-
D-glucuronide, quercetin-3-O-p-glucoside, and kaempferol-3-glucoside. These flavonoids are considered to contribute
predominantly to pharmacological effects. One water extract of red vine leaf contains a total of 4-7% of flavonol
glycosides, quantified as quercetin-3-O-B-D-glucuronide. Several authors have studied and reported phenolic composition
[981197]: antioxidant activity 281981 antimicrobial properties 2109 and volatile composition 8 of Vitis vinifera L. leaves.
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