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Abstract: The plethora of bio-functional compounds present in fermented alcoholic beverages like
wine, as well as the valorization of bioactives from their wineries/breweries by-products like grape
pomace and grape seed, has gained significant interest in the functional foods sector. Wine has
always accompanied humanity, for religion or for health. For example, Christians are using wine in
the “Holy Communion”, following what Jesus Christ himself did and said during the Last Supper,
while the benefits of the wine consumption in moderation was embedded in all Mediterranean
civilizations, as it is mentioned by the wise King-Prophet David in his psalms, but also by
Hippocrates and other wise men, in a Greek-based philosophy of “All things in Moderation”
(Cleobulus of Lindos; 6% century BC). In modern times, and after the outbreak of research on wine
benefits since the 90’s, when the term “French Paradox” was introduced in the US public during a
CBS show, recent evidence has outlined that these benefits are derived by the synergisms of its bio-
functional compounds and their digestion-derived metabolites. Within this article, the proposed
health benefits of moderate wine consumption, as a functional component of a balanced diet (i.e.
the Mediterranean Diet), against inflammation-related chronic disorders, is thoroughly reviewed.
The various bio-functional compounds of both wine and wineries’ by-products, such as their
bioactive phenolics, unsaturated fatty acids, polar lipids, and dietary fibers, and their functional
antioxidant, anti-inflammatory and antithrombotic health promoting properties are also thoroughly
evaluated. The mechanisms of actions and synergism, by which the health benefits are elicited, are
also explored. Functional properties of non-alcoholic wine products are also introduced. Emphasis
is also given to applications of wineries’ by-products bioactives, as ingredients of bio-functional
foods, supplements and nutraceuticals. Limitations and future perspectives for this popular
functional alcoholic beverage (wine) ant its rich in bioactives by-products are also addressed.

Keywords: wine; grape pomace; grape seed; by-products; bioactives; phenolics; polar lipids; anti-
inflammatory; anti-oxidant; Mediterranean Diet

1. Introduction

Making of wine is one of the most well-established fermentation processes in human history,
while the vinification was/is one of the important traditions that passed from one generation to the
next one, especially in the Mediterranean and Middle East territories, which usually concluded to
established festivities during the Greek-Roman period. Since then, and especially during the
industrialization, making of wine has become an industrial process for making several types of this
alcoholic beverage in order to be available all around the globe. Most types of wines are fermented
alcoholic beverages comprising roughly 12-14% v/v ethanol. Their production is achieved through
the fermentation of the juice from crushed ripe grapes in the presence of yeasts. Throughout the
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vinification process, grapes are processed, and alcoholic fermentation takes place. The methods
applied during the process differ among the varieties of grapes used and wines produced [1].

Red wine contains a large variety of phenolic compounds which sets it aside from alternative
alcoholic beverages. Maceration is a process unique to red winemaking and it hugely impacts the
phenolic composition of wine. The presence of phenolic compounds is important in relation to the
sensory and protective properties of wine [1]. Wine polyphenolic composition varies depending on
the variety of grape, geographical location, as well as soil and weather conditions. There is a high
abundance of flavonoids and phenolic acids present in red wine which can also be described as
microbiota metabolites, formed by all wine polyphenols except stilbenes [2].

The abundant group of bioactive compounds known as polyphenols, including resveratrol,
phenolic acids, anthocyanins, and several flavonoids have been found to possess potent antioxidant
and anti-inflammatory activities, as well as anti-platelet aggregation and anti-atherogenic properties
[3-6]. In addition, such bioactive phenolics have also been found to inhibit the activities and reduce
the synthesis and the levels of the potent inflammatory mediator, platelet-activating factor (PAF), by
inhibiting its binding on its membrane receptor and thus by inhibiting the PAF-associated
inflammatory signaling and by reducing the PAF-related inflammatory manifestations [5-7]. Such
bioactive compounds that can reduce the levels and/or inhibit the activities of thrombo-inflammatory
mediators like PAF and thrombin, may potentially reduce the risk of developing chronic disorders
[5-7].

Apart from the abundant phenolics, grapes, must, wine and grape pomace have also been found
to contain bioactive polar lipids, with strong anti-inflammatory and anti-thrombotic properties that
attribute to the bio-functional activities and protective effects of grape products and by-products [1,
8-23]. According to the analysis of the biological activity of total lipids in wine, the polar lipids, and
especially the glycolipids, and some phospholipids rich in unsaturated fatty acids like oleic, linoleic
and linolenic acids were the most effective of the wine lipid fractions against specific inflammatory
pathways, including those associated with PAF [8-11]. It seems that such bioactive lipid compounds
pre-exist both in grapes and in their yeasts on which fermentation is based and subsequently
bioactive lipid compounds also exist in the final wine fermented product [8-11], as well as in the main
by-product of wine-making, grape pomace [16-17,22-23].

Inflammation involves the innate response of the immune system to combat the causative agent
of tissue damage and minimize its effects, stimulate the healing of wounds and reinstate tissue
homeostasis. When inflammation becomes unresolved and chronic, then it can lead to further loss of
tissue dysfunction and homeostasis, increasing the risk and onset of inflammation-related chronic
disorders such as atherosclerosis, cardiovascular diseases (CVD), diabetes, and cancer metastasis
[6,7,24]. Wine and grape pomace polyphenols and bioactive polar lipids have the potential to reduce
inflammatory markers, therefore consumption of wine, wine extracts and extracts of grape pomace
can lessen the risk of developing atherosclerosis and other chronic disorders [1-23]. Therefore, the
presence of bio-functional compounds in wine, such as polyphenols and polar lipids, with strong
anti-inflammatory, antithrombotic and antioxidant properties, further supports the health benefits
observed by moderate consumption of wine [1-23].

According to evidence from epidemiological studies and trials, there are many proposed health
benefits associated with the moderate consumption of red wine [1,11-14,18-20]. For instance,
moderate wine consumption is closely correlated with less endothelial dysfunction and low-grade
inflammation, which help prevent the manifestation of inflammation-related chronic disorders [25].
Moreover, apart from the beneficial health effects of such wine’s bio-functional compounds, health
benefits have also been attributed to the probiotic potential linked to moderate red wine
consumption. For example, it has been shown that polyphenols in red wine can beneficially regulate
the growth of select favorable gut microbiota in humans [26].

However, the health benefits associated with red wine are limited to its consumption in
moderation. The low to moderate consumption of wine with meals is a characteristic trait of the
Mediterranean diet. Adherence to the Mediterranean diet is reported to contribute to health benefits
such as attenuating the cardiometabolic risks factors associated with the onset of CVD [7,27-28]. The
Mediterranean diet has become more prevalent in recent years as people are better educated in the
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health benefits arising from the consumption of a glass of wine as part of a balanced diet. Wine differs
from other alcoholic beverages and its moderate consumption not only does not increase the risk of
chronic degenerative diseases but is also associated with health benefits particularly when included
in a Mediterranean diet model due to its rich content in anti-inflammatory, antithrombotic and anti-
oxidant compounds [1,11,14,18].

Nevertheless, the association between alcohol consumption and corresponding health effects are
represented by a J-shaped curve. the alcohol content of wine should not be disregarded, as excessive
consumption of wine can lead to detrimental health effects. Among these undesirable effects is the
increased risk of developing CVD [29-30]. Excessive alcohol consumption is also linked with liver
cirrhosis and for several types of cancers related to the digestive and respiratory tract [29-30]. In
addition, sound clinical judgment should be used in determining whether alcohol consumption is an
appropriate recommendation for each patient, taking into account factors such as contraindications
with other medications, while there is a small portion of the population that may be prone to
addiction, or fail to moderate consumption, and therefore may present a hazard to society via acts of
violence, accidents, and spousal, child and elder abuse, as well as incurring detrimental effects on
their own health. Therefore, special effort must be made to promote behavioral education to prevent
abuse, especially among young people.

On the other hand, throughout wine making, several by-products are also derived, with the
main ones being grape pomace and grape seed oils [22-23]. Many areas of the food industry,
including wineries, bring about copious quantities of such waste as by-products. Lately it has been
proposed that such by-products, including grape pomace, are attractive sustainable sources of
bioactive compounds, which if appropriately recovered can be valorized as ingredients for functional
foods, food supplements or even nutraceuticals. Many of these compounds are found to be beneficial
to human health and therefore their up-cycling is becoming a new trend in food science. These waste
products are available in large quantities in such sustainable sources, at very low cost, making the
recovery of these products use both economically viable and environmentally friendly.

More specifically, significant amounts of grape pomace are generated from grapes during wine
making, which accounts for 20% of the original grape used [22-23]. This waste generated by the wine
industry creates contamination and pollution issues, costly disposal issues, and financial loss.
Traditionally, this waste is undervalued and used as animal feed or fertilizer, due to not extensive
research on the appropriate methodology for the recovery and valorization of its compounds. Grape
pomace is distinguished from other food by-products due to its high content in high-value
compounds such as dietary fibre, lipid bioactives, phenolics and other natural antioxidants [22-23].
These compounds are relatively inexpensive to extract and can be employed as ingredients in foods
or even in nutritional supplements, providing a significant economic advantage. Furthermore, many
of these bioactive compounds have been linked to several health benefits, including anti-
inflammatory reactions, cardioprotective and antidiabetic effects [10,16-17,21-23].

Attempts to recover bioactive compounds have recently increased, with the goal of utilizing
them as added ingredients to help improve functionality. The fortification of existing food products
through novel applications aims to enhance functional and biochemical properties, while lowering
their environmental impact and food industry costs. Similarly, there is a lot of interest in using grape
by-products as food additives, nutraceuticals, and components in functional foods as a result of the
growing attention to agricultural sustainability and consumer preference for natural over synthetic
substances. Numerous studies have been conducted to understand the bioactivity of grapes, with the
main effort focused on its antioxidant activity, which is associated with its high content of
polyphenols acting as free radical scavengers [22-23].

Thus, in this review paper, an overview of the current literature on the bioactive compounds,
functional properties and associated health benefits and potential applications of the fermented
alcoholic beverage, wine, and its grape pomace by-product is thoroughly conducted. Emphasis is
given to the composition, nutritional content-value, and health benefits of these wine products and
by-products, and especially in their important bio-functional constituents, such as bioactive lipids,
phenolics, dietary fibres, probiotics and other beneficial compounds with significant antioxidant,
anti-inflammatory, and antithrombotic properties with associated health benefits. Specific
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frameworks are also considered regarding the industrial valorization of such produce, as well as the
production of innovative functional foods and nutraceuticals against the risk of chronic diseases. This
review provides a comprehensive picture of the strengths and limitations, which can aid future
studies in advancing the applications of wine, grape pomace and of their bioactives.

2. Bio-functional compounds and health benefits of the fermented alcoholic beverage, wine and
of its by-products

2.1. Composition, nutritional value, bio-functional components, and functional properties

2.1.1. Types of wine; emphasis to red wine production, composition and nutritional value

Wine is a traditional alcoholic beverage acquired by the processing of grapes and the alcoholic
fermentation of the grape must. Following harvest, grapes enter the winery to finalize the vinification
process and undergo destemming, crushing, pressing, maceration, and alcoholic fermentation [1].
Wine comprises a vast range of chemical constituents such as aldehydes, ketones, esters, minerals,
lipids, phenolics, organic acids, soluble proteins, sugars, and vitamins. The complexity of the
compounds present in wine is mainly due to the composition of the grape and the fermentation
process involved [1,11,18,23]. Thus, the quality of wine is linked to the composition and variety of
the grape [23,30]. Red wines are formed by the alcoholic fermentation of musts combined with solid
parts of the berry, the skins, and seeds. In contrast, white wine is exclusively obtained from the
fermentation of grape juice [30].

The maceration process has a significant impact on the phenolic composition of wine. It requires
the inclusion of skins and seeds with the must to allow for the extraction of polyphenols, enhancing
the wine in terms of color and flavor [1]. Maceration facilitates the production of metabolites such as
acetaldehyde from yeasts which react with phenolic compounds. The absorption of anthocyanins by
yeast cells alters the color and phenolic composition of the wine [1]. By extending the maturation
time, elevated alcohol levels can result in the over-extraction of components from the solid element
of grapes, particularly the seeds. Increases in phenolic and flavonoid content, in addition to the trans-
and cis-resveratrol concentration occur due to the lengthened maturation process [31]. The separation
step from the skins and seeds following maceration in combination with the pressure of mash can
significantly elevate the phenolic content in wines and their antioxidant properties [31]. Maturation
of red wine takes place in barrels and its main purpose is to soften the astringent and bitter taste due
to the high phenolic content. Red wines require a more lengthened maturation process as a result of
their high phenolic content to enhance the quality, character and flavor of the wine [31]. Regardless
of the alterations to red wine during maturation, the level of antioxidant capacity remains consistent
throughout the process [31]. Red wine is distinct as it contains approximately 10-fold more phenolic
compounds than white wine. The high phenolic content is a result of the fermentation of grape juice
combined with skins, grape pieces, and seeds.

The total phenolic content of red wine is strongly correlated with its antioxidant activity. The
antioxidant capacity of red wine is not defined by one single compound, instead, there are several
components that exert a synergistic effect on the antioxidant activity [32]. Apart from the antioxidant
properties, some wine compounds have also shown several other bio-functional properties, including
anti-inflammatory and antithrombotic potential, such as the phenolic content of wine and its
bioactive polar lipids [1-14,18-20,25,30-32]. Importance has recently been given to the anti-
inflammatory and protective effects of not only wine bioactive phenolics, but also to the various
bioactive components present in wine and their positive contribution to health, such as bioactive
polar lipids [1,5-14,16-22]. The functionality of red wine is strongly associated with its high
polyphenolic content that exerts anti-inflammatory and antioxidant effects, with lower but significant
levels of bioactive polar lipids contributing to antithrombotic and anti-inflammatory activities [1-
14,18-20,25,30-32].

In addition to red wine, other wine types also exhibit protective effects against atherosclerosis
and platelet aggregation as well as potent antioxidant effects. Apart from the dominant focus on red
wine, in terms of the anti-inflammatory and protective effects of its high polyphenolic content, there
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are alternative wines that can also contribute to beneficial health effects. For example, white wines
are developed in the absence of grape skins, which directly impacts the concentration of phenolic
compounds within the wine, providing a lower distribution of phenolic compounds in white wine
compared to red wine, (2567mg/GAE/] vs. 239mg/GAE/L). Nevertheless, the antioxidant capacity of
white wine is quite significant [9-10]. The extension of the maceration process of white wines with
grape pomace has resulted in the development of an orange-amber color, a distinct tannic flavor as
well as the enhancement of the phenolic content and antioxidant capacity [1]. Moreover, consumption
of white wine (Robola) along with a meal equally decreased postprandially platelet aggregation
induced by the inflammatory mediator, platelet activating factor (PAF), and maintained low
triacylglycerol levels during postprandial elevation, similarly to the same observed beneficial effect
during the intake of red Cabernet Sauvignon variety along with the same meal. The presence of PAF
inhibitors in both white and red wine seems to equally influences such beneficial effects [9-12].
Overall, the incorporation of moderate wine consumption in the diet may help prevent the clinical
manifestations involved in the development of inflammation-related chronic disorders.

2.1.2. Wineries by-products - composition and nutritional value

Grape pomace is the main by-product of wineries and accounts for 20% of processed grape
weight, generated through the pressing of grapes for production of must. For every 6 liters of wine,
1kg of grape pomace is produced, though this may depend on the type of press used and the grape
varietal. The composition of grapes and its subsequent pomace vary according to intrinsic factors
such as variety and maturity, and extrinsic factors, such as soil conditions and agricultural practices
[22-23]. This affects not only the sensory properties in the wine it makes, but also the practicality of
successive applications of fresh pomace. Furthermore, red wine pomace and white wine pomace are
inherently different due to the winemaking process. In red winemaking, the grape skin and pulps are
fermented along with the juice before being filtered out, while white winemaking has the juice
pressed out and the pomace discarded early in the process. This leads to red wine pomace containing
a higher concentration of polyphenols, with white wine pomace retaining their fermentable sugars.
The weight of the grapes is made up of 2-5 % seeds and 38-52% of the solid waste matter created
during the winemaking process. The seeds include around 40% fibre, 10% protein, 10%-20% lipids,
and another 30-40% carbohydrates, complex phenolics, vitamins, and minerals, while overall grape
pomace contain around 17-89% total dietary fibre, 16-64% insoluble fibre, 4-14% protein, 1-14% lipids,
12-40% carbohydrates, 0.3-9% total phenolic content and another 2-9% ash (Table 1) [16,22-23,33-42].

Ultimately, wineries’ by-products pose a difficult waste disposal challenge for the wine industry.
Though much of grape pomaces are being composted and reintroduced into the vineyards to
complete the carbon cycle, the utilization of grape pomace has been largely inefficient. The pomaces
are often converted to cattle feed or used as materials for biofuel digesters, and in some
environmentally detrimental cases, for landfill disposal or incineration. Following the growing
sustainability concerns, as well as consumer demand for natural products, there is immense potential
in bioconversion of these by-products and of their bioactives into functional foods, supplements, or
additives. With the integration of in vitro techniques and high-end bioprocess engineering
technologies, the continuous production of nutritionally improved wine pomace-derived metabolites
could be achieved. In addition, another valuable by-product is also the grape seed oil, which is rich
in both unsaturated lipids and lipophilic/amphiphilic phenolics and thus can also promote lower
production costs being more competitive than others and represent a new food source for human
consumption in the food industry [22-23].

Table 1. Proximate composition of grape pomace based on dry weight, and phenolic compounds
expressed as mg of Gallic Acid equivalent (GAE) per liter of extract (mg GAE/L)*.

Compounds Quantity g/100g Phenolic compounds mg GAE/L
Ash 1.73-9.10 Flavonoids 1.31-8.36
Protein 3.57-14.17 Anthocyanins 0.33-6.8

lipids 1.14-13.90 Tannins 0.74 - 6.41
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Total dietary fibre 17.28-88.70 Proanthocyanins 0.43 -12.00
Insoluble fibre 16.44-63.70 Catechin 0.69 —8.06
Carbohydrates 12.20-40.53 Epicatechin 0.61-0.99

Total polyphenolic content 0.28-8.70 Resveratrol 0.58 — 37.93

*data are a combination of the ones presented in [16,22-23,33-42].
2.2. Bio-functional components and associated health benefits

2.2.1. Wine and its by-products phenolic bioactives with antioxidant, anti-inflammatory and anti-
thrombotic beneficial properties

Phenolic compounds are the most abundant bioactive components in wine [1-4,32,43-44], and
are primarily present in the seeds and skins of grapes, except for hydroxycinnamic acids which are
found in lesser amounts in the flesh [1,22-23,36-37,42]. The high number of factors influencing
phytochemical composition and content leads to a very wide range of phenolic content. In general,
red grape varietals have more phenolic compounds than white grape varieties, and the red
vinification process, which includes longer maceration durations, supports nearly total extraction.
Vineyard interventions similarly may have a significant impact on grape phenolic compositions.
Different phenolic compositions can also be observed among different wine varieties, The estimated
overall polyphenolic composition in red wines ranges from 1531 and 3192 mg of gallic acid
equivalents (GAE) per liter, with white wine having a phenolic composition between 210 and 402
GAE/L [43], while the remaining wineries” by-products like grape pomace contain also valuable
amounts of phenolic compounds, the main classes of which are shown in Table 1 (expressed in
GAE/L) [16,22-23,33-42].

Such phenolic compounds of both wine and grape pomace can be divided into two main groups,
flavonoids, and non-flavonoids [36,42-45]. The structures of the most characteristic classes and
compounds of these two groups of phenolics are shown in Figure 1. Flavonoids attribute to 85% of
the phenolic constituents in red wine and are primarily present in the skins of grapes, as well as in
wineries’” by-products (wine) and by-products (grape pomace) too, while they comprise mainly by
flavan-3-ols, anthocyanins, and flavonols (Figure 1). Flavan-3-ols include monomers like catechin,
epicatechin, and polymers (polyphenols) like proanthocyanidins [1-4,36-37,42-44]. Flavanols,
catechins and epicatechins, are the most complicated subclass of flavonoids that contribute to the
different sensory qualities and structure of wines, by interacting with proline-rich proteins in the
mouth to produce an astringent sensation and bitter taste [30]. In the non-flavonoids group of
phenolic compounds, several phenolic acids (cinnamic/hydroxycinnamic acids and
benzoic/hydroxybenzoic acids), phenolic aldehydes, volatile simple phenolics, stilbenes, tannins and
coumarins are classified (Figure 1) [36,37,42-46].

Apart from their role on the organoleptic characteristics of wine, a plethora of studies have
indicated that phenolic compounds are associated with the health benefits of moderate consumption
of wine, as well as with the potential use of wineries’ by-products as a sustainable source of functional
compounds, since such phenolic compounds have exhibited potent antioxidant, anti-inflammatory
and antithrombotic properties, with the most bioactive ones being the flavonols, flavanols, and
anthocyanins from the flavonoids and resveratrol from the non-flavonoids [1-6,22-23,25,30,32-53].
The health-promoting effects of wine and wineries by-products” phenolic compounds was initially
attributed on their strong antioxidant capacity [1,4,20-21,32,36-41,43,51-55]. It has also been proposed
that the greater the polyphenolic content, the greater the antioxidant activity [1]. Phenolic bioactives
like stilbenes, flavonoids and flavan-3-ols derivatives of wine, can cross cell membranes and
effectively demonstrate their antioxidant potential through the reduction in reactive oxygen species
(ROS) within cells [54].

The antioxidant activity of wine flavonoids is linked to their ability to scavenge of free radicals,
which reduces the vulnerability of low-density lipoprotein (LDL) to oxidation and prevents the
manifestation of endothelial dysfunction and atherosclerosis as a result [51,53-56]. Intake of moderate
wine consumption with a meal can significantly enhance plasma total antioxidant capacity (TAC)
and counteract oxidative lipid damage and the activation of NF-kB signaling [55], suggesting that the
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antioxidant effects of moderate wine consumption, influenced by the presence of wine polyphenols.
Additionally, red wine and its polyphenolic constituents, play an essential role in CVD prevention
by means of its antioxidant, antithrombotic, anti-inflammatory and antiatherogenic properties [1-
4,30,43,48-51].

This is not surprising since the important pathophysiological processes of our body, oxidative
stress, inflammation and thrombosis are intertwined, and if any of them and/or all of these processes
is/are unregulated, then it/they can contribute to the unregulation of the other ones, promoting thus
a vicious cycle of a continuous induction of oxidative stress and thrombo-inflammatory
manifestations, which can conclude to the onset and development of several chronic disorders,
including atherosclerosis, CVD, insulin resistance, hypertension and cancer [6,7,9,24,43,56]. This
process can be impeded through the incorporation of wine and wineries” by-products bioactive
phenolic compounds in the diet, which promote not only anti-oxidant but also a plethora of anti-
inflammatory health benefits [1-7,14,18-20,25,30,42-44,46,48-50,53,56]. Even though wine and
wineries” by-products phenolics are not essential nutrients, they can contribute to health through
several pleiotropic effects, and subsequently they also do not fit in the classic and rigorous
pharmacological definitions, as they can be modified by organisms before they interact with targets,
can have different targets depending on their concentration, and do not have a univocal
pharmacological mechanism of action [42,43,46]. Therefore, a reductionist approach or studying of
one single mechanism of action should not be followed with respect to the benefits of wine and
wineries’ by-products phenolics, because this can limit their classification as only being free radical
scavengers and antioxidants, while they possess manifold mechanisms of actions, including anti-
inflammatory actions [43].

More specifically, the polyphenolic composition of wine and wineries’ by-products is of
significance in terms of the associated anti-inflammatory and antioxidant actions that attribute to the
greater antioxidant serum activity, increased resistance of LDL peroxidation and thus inhibition of
LDL oxidation, stimulation of the level of high-density lipoprotein (HDL), the promotion of
vasorelaxation, the inhibition of platelet aggregation and lowering of platelet sensitization and
adhesiveness, as well as the inhibition of the activities and synthesis of inflammatory mediators like
PAF and cytokines, as well as a plethora of anti-inflammatory effects on several inflammatory genes,
mediators, receptors, adhesive molecules, signaling pathways and thrombo-inflammatory
manifestations [1-7,14,16,18-20,22-23,25,30,33,38,42-44,46,48-50,53,56,58-61]

Thus, the moderate consumption of wine is not only linked with an increase in antioxidant
capacity, but it is also interlinked with anti-inflammatory beneficial effects and a reduction in pro-
inflammatory markers [1,2,4-6,18-20,25,30,43,48-50,56,60-61], which have been attributed to its
phenolic compounds. Moreover, according to recent literature, the mode of action by which
polyphenols exert their beneficial properties appears to involve the interplay between molecular
signaling pathways and regulators of cellular actions involved in inflammation [2,4-6,18,30,42-43,48-
50,59]. Both flavonoids and non flavonoids have exhibited such benefits, while differences on the
effects of compounds from each group have also been reported [2,3,30,43]

The different interactions that wine flavonoids may have with key biological targets are linked
to the unique structure of each and their structure activity relationships are crucial for the health
protective properties of wine and grape pomace based products against several diseases such as
CVD, cancer, obesity, neurodegenerative diseases, diabetes, allergies and osteoporosis [4,22-23].
Moreover, several studies have clearly revealed the anti-inflammatory protective effects of flavonoids
of wine on health, by lessening the risk of the development and onset of inflammation-related chronic
disorders [2,4,18,30,43-44,48-50,59]. In addition, pleiotropic anti-inflammatory benefits on vascular
health have also been observed in trials based on monomeric or polymeric flavonoids [62].
Furthermore, consumption of polymeric flavonoids like procyanidins (polyphenols that are polymers
of catechin and/or epicatechin units) within a diet is correlated to the reduced risk of developing type
2 diabetes (T2D) and CVD [63].

Apart from flavan-3-ols and flavonols, anthocyanins are also one of the most important water-
soluble flavonoid pigments in nature, with grapes being amongst the fruits with the highest
concentration in anthocyanins [22-23,42]. Subsequently, anthocyanins are found in red wine and
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especially in red wine’s grape pomace wastes, and in lesser amounts in white wines and their grape
pomaces [22-23,30,42,]. Pharmacokinetics studies has shown indication that anthocyanins are rapidly
absorbed into the bloodstream shortly after consumption, as well as their positive implication and
essential role in the prevention of a variety of diseases, including cancer, neurodegenerative disorders

and CVD through anti-inflammatory activities and improvement of the immune system [4,30,42,48-
49].
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compounds present in wine and/or grape pomace. Structures were obtained from
https://molview.org/ (accessed on 24™ of April 2023).


https://doi.org/10.20944/preprints202306.1034.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 June 2023 d0i:10.20944/preprints202306.1034.v1

Among the non-flavonoids’ group of phenolic compounds in grapes, wine and grape pomace, a
plethora of studies have highlighted the anti-oxidant and anti-inflammatory health benefits and
preventative-therapeutic properties of resveratrol [1-3,5-7,18,42-44,50,64-67]. The benefits of
resveratrol have been documented since 90’s as the main bioactive component of wine
(concentrations of 0.1-14.3 mg/L), when Drs. Michel de Lorgeril and Serge Renaud talked about the
“French Paradox”, the observation of an unusually low rate of heart disease among Southern French
people who drink a lot of red wine, despite a high saturated fat diet, and the theoretically inhibitory
effects of wine consumption against lipid peroxidation, in the “60 Minutes” CBS show [43,64,66]. At
the time the “free radical/antioxidant hypothesis” was in full swing and it was commonplace to
believe that eating and drinking (poly)phenols would scavenge free radicals and prevent their
noxious effects, for example by inhibiting LDL oxidation [43,64].

This granted red wine (poly)phenols, namely resveratrol, immediate popularity not only as a
possible explanation for the “French paradox,”, but also trigger the vast amount of well-funded
research [43,64,66]. From then, several studies have highlighted resveratrol as a pan-assay
interference compound, hence linking to a wide variety of signaling pathways. Subsequently,
resveratrol’s usage as a nutraceutical and a therapeutic agent for a variety of disorders has been
extensively investigated in in vitro, ex vivo and in vivo studies in animal models and humans, as well
as in preclinical and clinical trials as a natural molecule. Accumulating evidence suggests that
resveratrol is a highly pleiotropic molecule that modulates numerous targets and molecular functions
[65-74]. Epidemiological studies indicate that the Mediterranean diet, rich in resveratrol, is associated
with a reduced risk of atherosclerosis. Resveratrol is believed to decrease circulating low-density
lipoprotein cholesterol levels, reduce cardiovascular disease risk; it reduces lipid peroxidation,
platelet aggregation and oxidative stress [65-74].

For example, resveratrol’s ability to protect against inflammation and oxidative stress occurs via
nuclear erythroid 2-related factor 2 (Nrf2) signaling pathway [75]. Moreover, the cardio-protective
anti-inflammatory effects of resveratrol have been demonstrated at nutritionally relevant
concentrations, by decreasing the over expression of intercellular and vascular cell adhesion
molecules, as it inhibits the induced by inflammatory cytokines activation of coronary arterial
endothelial cells, such as the inhibition of tumor necrosis factor (TNF)-a-induced nuclear factor
Kappa B (NF-Kb) activation of these cells and the subsequent expression of inflammatory genes
[68,76-77]. Thus, resveratrol supplementation may partially protect against CVD especially during
the early atherosclerotic phase by its anti-inflammatory effects, as well as by reducing circulating
levels of important chemotactic chemokines, such as the monocyte chemoattractant protein-1 (MCP-
1/CCL2) and macrophage inflammatory protein-1 alpha (MIP-1a/CCL3), which regulate migration
and infiltration of monocytes/macrophages and are induced and involved in various diseases [68,76].

Resveratrol has also improved the TNF-a-induced endothelial dysfunction during the
interaction of Caco-2 cells and endothelium [78]. Apart from the inhibitory effect of resveratrol on the
actions of inflammatory cytokines, resveratrol is also associated with the reduction of the levels of
pro-inflammatory cytokines, such as interleukin (IL)-1 and TNF-a, which are related to the
pathologies of cancer and CVD [79]. The anti-cancer potential of resveratrol was also demonstrated
by the induced autophagic cell death and reduction in cell viability found in oral cancer cells but
absent from normal cells [80]. Several other very recent studies within 2023 have also indicated the
anti-tumor effects of resveratrol and other wine phenolics, through their (pro-)apoptotic and
immune-regulatory effects [6,50,80-87], while it has also previously been reported that resveratrol
suppresses tumor metastasis by its effects on platelets and by inhibiting platelet-mediated angiogenic
responses, and thus resveratrol is a potential therapeutic drug for the prevention of tumor metastasis
by interrupting the platelet-tumor cell amplification loop [87].

Resveratrol and other phenolics from wine and grape pomace exhibit a plethora of beneficial
effects by affecting platelet functions [12,14,16,18,22-23,30,42,43,50,65-74, 87-91]. These effects can
take place through several mechanisms, while similar mechanisms exist also in several other cells
and tissues, in which resveratrol acts beneficially. For example, resveratrol, and wine and grape
pomace phenolics in general have shown strong cardioprotective properties and anti-inflammatory
protection against chronic disorders by strongly inhibiting platelet aggregation and the activation
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and sensitization of platelets induced by the activities and release of thrombotic and inflammatory
mediators, such as PAF, thrombin, collagen, fibrinogen, arachidonic acid (AA), Thromboxane A2
(TxA2), TxB2, ADP and epinephrine, and thus by exhibiting potent anti-inflammatory and
antithrombotic protection against inflammation and thrombosis related chronic disorders
[12,14,16,18,22-23,30,42,43,50,65-74, 87-91].

For example, resveratrol-induced inhibition of platelet metabolism and TXA2 release may lead
to a reduction of platelet function and thrombus formation in patients with type 2 diabetes, and thus
resveratrol may be beneficial to prevent vascular complications as a future complementary treatment
in aspirin-resistant diabetic patients [88]. More specifically, resveratrol reduced collagen-induced
thrombi by over 50%, in both the blood of healthy and diabetic patients, TXA2 release by 38% in
healthy platelets and by 79% in diabetic platelets. Resveratrol also reduced the activities of enzymes
responsible for glycolysis and oxidative metabolism in the platelets of both groups [88]. Such effects
of resveratrol on platelets appear to be mediated through cyclooxygenase-1 (COX-1) repression,
which results in decreased TxA2 production and thus inhibition of platelet aggregation, rather than
through cyclooxygenase-2 (COX-2) that synthesizes prostacyclins as antiplatelet factors in vascular
endothelium [69]. Resveratrol can reduce platelet aggregation by forming stable complexes in platelet
COX-1 channels, as well as by inhibiting the arachidonate-dependent synthesis of inflammatory
agents, such as TXB2, hydroxyheptadecatrienoate, and 12-hydroxyeicosatetraenoate [69,89].

Moreover, resveratrol inhibits thrombin-induced platelet aggregation through decreasing Ca2+
release from its stores and inhibiting store-operated Ca2+ influx into platelets [91], while it has also
been proposed that resveratrol may inhibit platelet aggregation induced by epinephrine and other
mediators by increasing NO production [70]. In addition the antiplatelet effect of resveratrol, and
subsequently its antithrombotic and anti-inflammatory benefits, both in vitro and in vivo, has also
been attributed to its potential to modulate gene/protein expression of tissue factor (TF) and its
functions, since TF that can be produced by several cells and especially under inflammatory cytokines
induction, is a well-known thromboplastin, which activates thrombosis through binding to and
further stimulation of coagulation factor VII as a principle initiator of extrinsic coagulation cascade
[69].

Furthermore, recent studies have outlined that resveratrol can target and activate AMP-
activated protein kinase (AMPK), having an important role in reducing fat accumulation, cholesterol
synthesis, and inflammatory cytokines, while it can also activate-stimulate at an amplitude of ~10-
fold the mammalian versions of the sirtuin family of proteins, SIRT1, and subsequently all the
pathways regulated by SIRT1, which deacetylates histones and non-histone proteins, such as
transcription factors, and thus affects important processes like metabolism, stress resistance, cell
survival, cellular senescence, inflammation-immune function, endothelial functions, and circadian
rhythms [66-68]. Stimulation of SIRT1 and AMPK boosts the eNOS activity in human coronary
arterial endothelial cells and increases NO production and mitochondrial biogenesis, which triggers
vasodilation and decreases atherosclerosis [68], while the activation of SIRT1 by resveratrol seems to
protect against disorders such as improper metabolic regulation, inflammation, and cell cycle
abnormalities [66].

Interestingly, resveratrol-induced activation of SIRT1 downregulates the expression of the
receptor of PAF (PAFR) on platelets via proteosomal and lysosomal pathways, and that this
downregulation inhibits platelet aggregation in vitro and pulmonary thrombus formation in vivo
[88]. It has also been proposed that resveratrol might improve cardiovascular health by affecting the
gene expression for producing PAFs [69].

In addition, resveratrol has also been found to reduce the levels of PAF by inhibiting its synthesis
and thus reducing the inflammatory status [5-7,92]. For example, resveratrol has inhibited PAF-
synthesis in human mesangial cells [5], as well as in U-937 macrophages under inflammatory
conditions [92], suggesting a potential antitumor effect of resveratrol [6], as well as protective effects
against several PAF-associated inflammatory and thrombotic chronic diseases [7].

Resveratrol content in wines varies from 0.43 to 62.65 uM, and depends on several factors such
as grape variety, climate and winemaking process. Resveratrol is highly absorbed in the intestine,
presents low bioavailability and is rapidly excreted, while consumption of pure resveratrol at doses
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higher than those present in wines results in a low content of this compound in plasma. These
findings may challenge the common idea that resveratrol is the main phenolic compound associated
with cardioprotective effect. Consequently, other stilbenes and other phenolic compounds present in
wines such as flavonoids, have also been proposed to act beneficially [70]. Astringin is another
stilbene for which early reports have shown promising results, citing anti-oxidant activity and a free
radical scavenging ability more potent than resveratrol, while other natural and synthetic
analogues/derivatives of resveratrol have also been extensively studied for enhanced beneficial
effects against inflammation, thrombosis and associated disorders [66-69,71-72,93-95].

The majority of the reviewed phytochemicals in wine and grape pomace require relatively high
doses to be active on several cells and tissues in vitro and these doses may further increase when
plasma is present, for instance in case of resveratrol. As Professor Visioli et al (2020) have highlighted,
animal studies often employ very high doses of grape/wine (poly)phenols, such as resveratrol, with
results that cannot be readily transferred to humans, who would need to ingest several grams of
extracts to replicate the same effects, while discrepancies between animal and human effects and
potential toxicity of high doses of resveratrol have also been recently reviewed [43]. Therefore, the
current high dosing is one of the drawbacks for the testing of such compounds for possible
therapeutical intervention [4,43,74].

Several phenolic compounds are very weak (if at all effective) in vivo direct antioxidants, while
for kinetic reasons they do not scavenge free radicals and their bioavailability is generally so low that
they contribute very little to the integrated cellular antioxidant machinery, which is mostly composed
of enzymes [43]. Thus, other limitations are the often unclear bioavailability and metabolic absorption
of the phytochemicals and of their metabolites, the pharmacokinetic profile in blood and non-platelet
effects, which for the cardiovascular system may be positive or negative [4,43,74]. There is still a gap
between the knowledge of wine flavonoids bioavailability and their health-promoting effects The
beneficial effects of dietary phenolic compounds are affected by their low intestinal absorption as
well as their differential bioavailability and interactions with plasma and gut microbiota that
generates broad shifts in the plasma metabolome and gut microbiota composition [4,26,43,74,96-101].
It is estimated that the small intestine only absorbs 5-10% of consumed dietary polyphenols following
enzymatic glycosylation. The remaining dietary polyphenols enter the colon intact and undergo
degradation by the gut microbiota yielding simple phenolic acids that are absorbed into the
bloodstream [96]. Thus, it is apparent that the gut microbiota facilitates the bioaccumulation of
polyphenols and their associated metabolites

Hence, the molecular forms of phenolic compounds that contribute to health benefits are not
limited to those ingested but also include their associated metabolites created in vivo by the intestinal
microbiota. Lately, plenty of researchers correctly use (poly)phenols’” metabolites in their in vitro
studies, focusing on low-molecular weight (LMW) polyphenol-related components consisting of free
anthocyanins, free proanthocyanins, pyranoanthocyanins as well as smaller amounts of phenolic
acids and resveratrol. The hurdle here is the difficulty of synthesizing such metabolites, which are
often produced by the organism in different forms, while the relatively recent discovery of
microbiota-synthesized metabolites amplifies the list of potential biologically-active molecules
produced by the body after the ingestion of (poly)phenol-rich foods [43]. Therefore, more in vivo
results as well as studies focused on phenolic metabolites are still required. Moreover, it is also
necessary to better understand how biological interactions (with microbiota and cells, enzymes or
general biological systems) could interfere with phenolics’ bioavailability. Nevertheless, the
moderate consumption of red wine is positively correlated with the beneficial modulation of gut
microbiota [100]. The ability of red wine consumption to balance the growth of select gut microbiota
in humans indicates the potential probiotic benefits linked to the incorporation of red wine
polyphenols into the diet. For example, resveratrol plays a significant role in the regulation of the gut
microbiome, protection of the intestinal barrier and in the inhibition of intestinal inflammation [96-
101].

In addition, the acquired knowledge on effects of certain phytochemicals, as platelet-inhibiting
and anti-inflammatory compounds, can be employed for the further selection and chemical
modification of these in the design of effective antiplatelet and anti-inflammatory drugs. In other
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words, those phytochemical compounds with a proven effect on platelets, thrombus formation and
inflammation can trigger new ways for drug discovery. This could develop into new antiplatelet and
anti-inflammatory drugs, and also to potentiate the action of current antiplatelet drugs, as several of
the phytochemicals seem to have priming effects on platelets. Interestingly, combinations of wine
and grape pomace phytochemicals with other bioactives present can have synergistic effects on
platelets and inflammatory signaling, which will further enhance the priming.

2.2.2. Bioactive lipid compounds of wine and wineries’ by-products

Apart from the plentiful phenolics, several other bioactive compounds have also been identified
in wine and wineries’ by-products, such as their bio-functional lipid bioactives. The lipids present in
grapes/yeast undergo chemical modification throughout the fermentation process with the most
bioactive lipids being derived at the final wine product. Even though wine contains lower amounts
of lipids compared to grapes and the remaining grape pomace, still for the last 20 years Prof. C.A.
Demopoulos and colleagues (Prof. Antonopoulou SA, Dr. Fragopoulou E, Dr. Nomikos T, Dr.
Tsoupras A, et al) have highlighted that the wine amphiphilic polar lipids, such as several
phospholipids and especially glycolipids (Figure 2), originating from the grapes, yeasts and wine
must, as well as due to the fermentation process, are highly bioactive and have exhibited strong anti-
inflammatory, antithrombotic and anti-atherogenic cardioprotection [7-14,18-20]. Grape pomace has
also been found to contain similar bioactive polar lipids along with its rich content on phenolics. Such
bioactive polar lipids usually contain bio-functional unsaturated fatty acids (UFA) within their
structures in a combination that usually favors an anti-inflammatory potential [7-11,16-17,22].

Such UFA are usually the monounsaturated fatty acid (MUFA) oleic acid (OA; 18:1 omega-9)
and the long-chain polyunsaturated fatty acids (PUFA), linoleic acid (LA: 18:2-omega-6), gamma
linoleic acid (GLA; 18:3 omega-6) and alpha linolenic acid (ALA; 18:3 omega-3) [16] (Figure 2A). UFA
have shown on their own strong anti-inflammatory and antithrombotic properties against several
inflammatory and thrombotic mediators, including PAF, promoting an anti-inflammatory potential
and health benefits against several inflammation-related disorders [7,102-107]. UFA control cell
fluidity, the attachment of certain enzymes to cell membranes, and the transmission of signals and
other metabolic activities. They are involved in the manufacture of eicosanoids, leukotrienes,
prostaglandins, and resolvins, which have anti-inflammatory, anti-arrhythmic, and anti-aggregatory
properties [102]. Several of them promote cardiovascular health, and others increase visual function
and cognition in newborns and adults [102].
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activating factor; ADP = adenosine 5’ diphosphate; GPCMR = G-protein coupled membrane receptors;
cPLA2 = cytoplasmic Phospholipase A2; LPCAT & PAF-CPT = Basic regulatory biosynthetic enzymes
of PAF; ARA = arachidonic acid; COX = cycloxygenases.

Similarly, grape seed oils are high value by-products for the extraction of bioactives from grape
pomace [108]. The seeds consist of up to 20% oil, which is rich in UFA [109]. Inversely, the grape seed
oil has a low polyphenol content, which can be traced to the hydrophilic nature of these compounds
[110]. The most abundant fatty acid in grape seed oil is LA, but the nutritional role of this omega-6
UFA has grown progressively complex throughout years of study, with important functions in
regulating inflammatory cellular processes. In contrast, the omega-3 fatty acids, such as ALA,
perform opposing effects with well known cardioprotective effects and anti-inflammatory
characteristics, reducing thromboxane synthesis and PAF, and demonstrating immense potential in
inhibition of pro-inflammatory cytokine synthesis [7,102,106-107]. Thus, despite the suggestions of
the possible health benefits of LA, the anti-inflammatory effect of grape seed oil with regards to its
high UFA and LA content remains to be seen [111].

Nevertheless, more research has recently been contacted on the polar lipid bioactives of wine
and grape pomace [7-22]. Polar lipids are amphiphilic biomolecules and important structural
elements for all cells in nature, with a plethora of diverse bioactivities. Polar lipids generally contain
two fatty acids usually esterified or rarely etherified to a glycerol- or a sphingosine-based backbone,
and a phosphorus functional group for phospholipids or a sugar for glycolipids that is linked to a
head group (Figure 2B). Bioactive polar lipids with UFA in their structures (usually at the sn2 position
of their glycerol/sphingosine backbone), such as polar lipids with OA and/or ALA (Figure 2B),
possess higher bioavailability of their UFA throughout the body, due to their amphiphilic properties,
while most importantly polar lipids themselves possess strong anti-inflammatory and antithrombotic
properties against several mediators and inflammatory pathways, by a variety of mechanisms of
actions (Figure 4), with promising health benefits against atherosclerosis and CVD, cancer and
metastatic procedures, renal and neurodegenerative disorders, persistent infections and associated
inflammatory manifestations, allergy and asthma, sepsis, etc. [6,7,11,14,18,22,102].

For example, such bioactive polar lipids have modulated or even reduced the formation of
atherosclerotic plaques, by inhibiting the activities and reducing the levels of the inflammatory and
thrombotic mediator, PAF, and its atherogenic effects [7]. Since the thrombotic and inflammatory
pathways of PAF are implicated in several chronic disorders, including cancer, atherosclerosis and
CVD [6,7,24], the inhibition of PAF activities and the reduction of its levels by wine and grape pomace
polar lipid bioactives further suggest their anti-atherogenic, cardioprotective and anti-tumor
potential [6-22].

Apart from modulating PAF-metabolism towards reduced PAF-levels, such bioactive polar
lipids from wine, wine-must, yeasts and grape pomace have also inhibited the inflammatory and
thrombotic pathways of both PAF and thrombin, while they have reduced the platelet sensitivity,
activation and aggregation induced by well-established platelet agonists, collagen, and ADP [7-
22,112]. It seems that the anti-inflammatory and anti-thrombotic anti-PAF properties of these polar
lipid bioactives occur either through affecting beneficially PAF-metabolism towards reduction of its
levels of homeostatic ones and/or through inhibiting the binding of PAF on its receptor and thus
inhibiting PAF-related inflammatory and thrombotic pathways and activities (Figure 3), and
subsequently reducing the risk for PAF-associated inflammatory chronic disorders such as
atherosclerosis, CVD, and cancer [6,7,11,14,18,22,102].

Moreover, apart from the strong anti-inflammatory and anti-thrombotic properties of the whole
structures of such bioactive polar lipids, it has also been proposed that once the rich in UFA polar
lipids have surpassed the intestine barrier and are bound to and transferred from plasma lipoproteins
to the cell-membranes of all tissues, there a cytoplasmic phospholipase A2 (PLA2) releases their UFA
content from their structure of these membrane bound polar lipids, while the released UFA interacts
with several inflammatory pathways, genes and signaling, such as the eicosanoids pathways (COX-
enzymes), for reducing and resolving inflammation and the inflammatory cell-response (Figure 3)
[6,7,102]. Based on these findings, several trials have been conducted based on the effects of the
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consumption of wine or of grape pomace extracts rich phenolics and bioactive polar lipids on
thrombo-inflammatory mediators like PAF, on inflammatory cytokines’ release and on metabolic and
oxidative stress responses [12,13,15,19-21].

Overall, the benefits of wine consumption and of grape pomace extracts are not only attributed
to their phenolic content but also to other microconstituents like their bioactive lipid compounds, and
especially in their glycolipids, phospholipids and their UFAs, as well as by the synergism of all these
bioactives. Although bioavailable amounts of the antioxidant wine and grape pomace polyphenols
have little to do with a proposed in vivo protection against oxidative stress, they still play a crucial
role as primary antioxidants against oxidation of lipids, including PL and UFA compounds, in several
natural sources, foods, beverages, cosmetics, and lipid extracts [113]. In extracts of several sources, a
very substantial improvement in oxidative stability, bioavailability, and preservation of the
bioactivities of phenolics, UFA and polar phenolic compounds can be achieved by a co-presence and
synergism of all these polar compounds. Subsequently, the presence of phenolic compounds in PL
extracts from any type of wine and/or grape pomace, seem to facilitate the preservation of the
bioactivities of the protected PL compounds. Thus, the synergism of such wine and grape pomace
bioactive compounds, which can ameliorate the oxidative stress response and inhibit the activities
and/or reduce the levels of thrombo-inflammatory mediators like PAF and thrombin, seem to explain
the potential of an extract rich in such polar organic bioactives, rather than of just one molecule like
resveratrol, for the prevention/reduction of risk of several inflammation and thrombosis associated
chronic disorders [6,7,10-11,14,18,22].

2.2.3. Bio-functional dietary fibres from wineries’ by-products

Dietary fibres are usually defined as “carbohydrate polymers that present ten or more
monomeric units, which are not hydrolysed by the endogenous enzymes in the small intestine of
humans”, while the main proposed benefits from their inclusion in the diet are associated with
prevention against CVD, cancer and diabetes, due to glucose absorption attenuation, improvement
of food transit through digestive system, diabetes, blood cholesterol decrease, constipation and
obesity prevention [108]. Dietary fibre content has also exhibited antioxidant capacity, as a product
that is composed of more than 50% of dietary fibre on a dried matter basis presents a natural
antioxidant capacity equivalent to at least 50mg of vitamin E (when measured by the DPPH method)
[108]. The daily intake recommendation guidelines of dietary fibre consumption (25-30 g/day), is not
easily achieved and a need for other alternative sources than cereals, vegetables and fruits has
promoted the development of commercial fibre-rich products and supplements. This brings by-
products obtained from fruits processing as a potential sustainable source of dietary fibres, with a
higher soluble dietary fibres content, better insoluble/soluble fibre ratio, low caloric content, and
better functional properties than those obtained from cereal processing [108].

The winemaking industry by-products have those characteristics, since grape skin is a complex
lignocellulosic material containing large amounts of hemicellulosic sugars that, after hydrolysis,
produce solutions containing a wide variety of xylose and glucose monomers [108], while the major
component of dried wine pomace is dietary fibre, taking up concentrations as high as 85% depending
on grape variety, with a major fraction of these dietary fibres being insoluble fibres such as lignin,
cellulose and hemi-celluloses [33,108]. Apart from the general cardioprotective, antitumor and
antidiabetic health benefits attributed to the intake of the appropriate composition of dietary fibres,
grape pomace, dietary fibres have also been proposed to exhibit beneficial effects on the
gastrointestinal tracts due to the fibre’s high porosity and low density, while they are also a major
energy source for gut microbiota, having a significant impact on the microfloral diversity and
indirectly the innate immune response of the gut mucosa [33]. The grape pomace dietary fibres also
moulds into a complex formation with the ability to establish a linkage with polyphenols, increasing
the capacity for phenolic compounds [33]. Overall, the aforementioned health benefits suggest that
dietary fibres of grape pomace have potential to be used in different food products such as bakery
products, beverages and meat products, in cosmeceutical and neutraceutical-pharmaceutical areas of
applications cosmetics and industries [33,108].
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3. Health benefits of moderate red wine consumption and detrimental effects of alcohol abuse; a
coin with two sides

The life expectancy in developing countries is continuously increasing however, there is a
resulting rise in the burden of chronic diseases related to age and lifestyle, such as diabetes mellitus,
cancer, atherosclerosis and CVD, neurodegenerative disorders and amyloid diseases, notably
Parkinson’s and Alzheimer’s diseases, among others. Numerous studies support that adherence to
Mediterranean diet or to other healthy dietary patterns provide reduction of the risk and protection
against such disorders [6-7]. In recent years, extensive epidemiological studies, for instance, the
Health Professionals Study, the Nurses’ Health Study (NHS) and the European Prospective
Investigation into Cancer and Nutrition (EPIC) study, as well as their follow-ups, have highlighted
the health benefits associated with adherence to healthy dietary patterns such as the Mediterranean
diet.

The light to moderate consumption of red wine has been characterized as one of the main
characteristics of the Mediterranean diet and is proven to provide protective effects against CVD.
Since the Lyon Diet Heart Study, the health benefits of wine consumption, mostly red wine, were
attributed at the antioxidant protection of lipoproteins and cell membranes due to wine’s rich content
in phenolics, also was presented by the main PIs of the study, Drs. Michel de Lorgeril and Serge
Renaud, in the “60 Minutes” CBS show since 90’s, while they also talked about the “French Paradox”,
the observation of an unusually low rate of heart disease among Southern French people who drink
a lot of red wine, despite a high saturated fat diet, and the theoretically inhibitory effects of wine
consumption against lipid peroxidation [43,64,66]. Subsequently, the focus on the benefits of wine
consumption was mainly given to its antioxidant potency and cardiovascular protection [1-7,18-
20,25,30,42-44,48-50,56,60-61,64-67]. Nevertheless, as it is outlined in the Lyon Diet Heart Study, the
components of food and alcoholic beverages included in the Mediterranean diet exhibit beneficial
properties not only against lipid peroxidation, but they also include an inhibitory effect against
platelets” activation and aggregation [64], which was not emphasized during that show and thus was
initially neglected.

Since inflammation and thrombo-inflammation have been characterized as the main cause of the
onset and development of not only CVD, but also of several other inflammation-related chronic
disorders [6-7,24], it is now well established that apart from the antioxidant protection, the effects of
moderate wine consumption that promote health benefits include mainly 1. beneficial moderation of
lipid metabolism, 2. protection against oxidative stress, inflammation, platelet activation-aggregation
and thrombo-inflammation, 3. improvement of endothelial function, and 4. the modulatory effect on
the gut microbiota. Moreover, in recent years, the beneficial effects of the inclusion of moderate wine
consumption in the diet have been extensively researched, not only in epidemiological studies, but
also in several interventions in animal models and humans, including randomized clinical trials,
where it has been evidenced that moderate wine consumption with meals based on a Mediterranean
diet setting, or on other healthy diets, have exhibited health benefits against not only atherosclerosis
and CVD (Supplementary Table 1) [12-13,19-20,25,53,55,60,62,64,99,114-125], but also against several
other pathologies and all cause mortality (Supplementary Table 2) [3,26,126-155].

More specifically, in Supplementary Table 1, several characteristic studies, interventions and
clinical trials are outlined with respect to the benefits of moderate consumption of wine and its bio-
functional compounds against inflammation, thrombosis, vascular inflammatory activation and
adhesion of leukocytes, endothelial dysfunction, atherosclerosis and CVD [12-13,19-
20,25,53,55,60,62,64,99,114-125], whereas in Supplementary Table 2, other characteristic studies,
interventions and clinical trials with respect to the benefits of moderate consumption of wine and its
bio-functional compounds against other inflammatory and thrombotic manifestations and
inflammation-related chronic disorders, including cancer, metabolic syndrome and diabetes mellitus,
.gastrointestinal disorders, pulmonary diseases, stroke, neurodegenerative diseases and depression,
as well as all cause mortality, are also presented.

As it is shown in both these supplementary tables, there is vast evidence demonstrating the
health benefits associated with moderate wine consumption, specifically the anti-inflammatory and
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protective effects. The most recent epidemiological studies are partly in agreement with the firstly
reported outcomes of the benefits of wine consumption presented at the Lyon Heart study, while
numerous clinical studies have now outlined the beneficial effects of wine consumption on
inflammatory factors and endothelial function which are paramount in the manifestation of chronic
disorders.

The observations from a range of clinical studies have shown that the chemical composition of
wine, specifically its bio-functional components, are the main attributes of health benefits associated
with moderate wine consumption. More specifically, such benefits are provided by the protective
properties of the wine itself and its bioactive compounds, notably its polyphenolic constituents and
its bio-functional polar lipids, as well as due to the positive interactions of wine and its compounds
with gut microbiota. The potent anti-inflammatory and antioxidant effects of wine and its bioactive
components are major contributors to beneficial health outcomes. Moderate red wine consumption
has exhibited anti-inflammatory properties by reducing markers of inflammation thus, preventing
the likelihood of chronic inflammation.

Therefore, the most prominent mechanisms mediating the effects of moderate wine
consumption are the outcomes of the synergistic effects of these wine bioactives and their metabolites
produced by digestion, are the induced by wine enhancement of endothelial function and
counterbalance of inflammation, by beneficially affecting inflammatory-related biomarkers,
mediators and associated thrombo-inflammatory signaling-pathways, including the reduction of the
activities and levels of PAF and of other inflammatory chemokines and cytokines, as well as the
down-regulation of monocyte adhesion to endothelial cells and the reduced expression of adhesion
molecules. Once these mechanistic pathways are improved by moderate wine consumption then all
the other mechanisms are also beneficially affected with an overall health benefit against the risk for
atherosclerosis, CVD and other inflammation-related chronic disorders (Supplementary Tables 1-2).

There are also studies like the Hoorn Study, in which the anti-inflammatory and endothelial
protective health benefits of red wine consumption were emphasized, suggesting even that from the
components of the Mediterranean diet, mostly red wine consumption, but not fruit, vegetables, fish
or dairy products, mainly protects against factors involved in the pathogenesis of CVD and other
diseases, as it was associated with less endothelial dysfunction and less low-grade inflammation [23].
In addition to the anti-inflammatory and antioxidant effects associated with wine and its bio-
functional components, the moderate intake of wine can also provide protective effects against the
pathogenesis of a range of chronic disorders.

However, in the case of the associations of wine consumption and cancer an intense scientific
debate exists. For example, huge epidemiological studies like the Health Professionals Study, the
Nurses’” Health Study (NHS) and the European Prospective Investigation into Cancer and Nutrition
(EPIC) study and their follow-ups, have outlined that alcohol intake is associated with the presence
and development of several types of cancers in either women or men, such as cutaneous basal cell
carcinoma, colorectal, skin, pancreatic and mainly breast cancer [156-161], whether an increase in the
incidence of cancer is observed also in association with moderate consumption levels is yet not
definitively ascertained.

Moreover, based on this assumption that alcohol is a leading risk factor for cancer, it has been
observed in other studies that awareness about the other side of the coin presenting an alcohol-cancer
link is low. Awareness may be influenced by perceptions of potential health benefits of alcohol
consumption or certain alcoholic beverage types. A study based on data from the 2020 Health
Information National Trends Survey 5 Cycle 4, a nationally representative survey of U.S. adults,
estimated awareness of the alcohol-cancer link by beverage type and examined the relationship
between this awareness and concomitant beliefs about alcohol and heart disease risk [162]. It was
observed that low levels of accurate awareness exist on the cancer harms associated with alcohol use,
including wine, beer, and liquor consumption. Awareness of the alcohol-cancer link was higher
among those recognizing that alcohol use increased heart disease risk. Based on these observations,
it has been proposed that the "health halo" surrounding consumption of wine and other forms of
alcohol as reducing heart disease risk has lead the public to over-generalize alcohol health benefits to
other diseases, including cancer, and this increases the need to address high levels of perceived risk
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uncertainty to help the public distinguish between the impact of alcohol on heart disease versus
cancer, and to overcome other barriers to including alcohol use reduction as a cancer prevention
strategy [163]. Given recent increases in U.S. population drinking rates, as well as morbidity and
mortality associated with alcohol use, it was also proposed that there is a need to educate U.S. adults
about the alcohol-cancer link, including raising awareness that drinking all alcoholic beverage types
increases cancer risk [162-163].

Although it is clearly established that the abuse of alcohol is seriously harmful to health, much
epidemiological and clinical evidence seem to underline the protective role of moderate quantities of
alcohol and in particular of wine on health [50]. Wine differs from other alcoholic beverages and its
moderate consumption not only does not increase the risk of chronic degenerative diseases but is also
associated with health benefits particularly when included in a Mediterranean diet model. Moreover,
it is worth mentioning that follow-up of such epidemiological studies [126, 164-166] and several other
studies and especially interventions and clinical trials have outlined that adherence on a moderate
wine consumption pattern provides antitumor protection against several types of cancer
(Supplementary Table 2).

For example, only heavy (but not light or moderate) consumption of alcohol at baseline is
associated with intestinal-type noncardia gastric cancer risk in men from the EPIC cohort, while such
a positive association was not observed specifically for wine consumption [164]. In addition, in a
follow-up of the Health Professionals Study on the effects of alcohol consumption on prostate cancer,
it was observed that cancer-free men who consumed alcohol had a slightly lower risk of lethal
prostate cancer compared with abstainers, and especially among men with prostate cancer, red wine
was associated with a lower risk of progression to lethal disease, while it was proposed that such
observed associations seem to provide assurance that moderate alcohol consumption is safe for
patients with prostate cancer [126]. Moreover, in another follow up of the Nurses' Health Study,
Nurses' Health Study II, and Health Professionals Follow-Up Study, it was also proposed that in these
three prospective cohorts, alcohol consumption was associated with reduced risk of pituitary
adenoma, compared to almost no consumption of alcohol [165]. In another very recent follow up
study of the Nurses' Health Study and the Health Professionals Follow-Up Study it was also
proposed that encouraging an increased intake of specific flavonoid-rich foods and beverages,
including tea and red wine, even in middle age, may lower early mortality risk [166]

However, all these effects seem primarily to be associated with the amount of alcohol consumed,
while the role of the different alcoholic beverages, and of their minor components, in this regard is in
fact not clearly defined. It seems that the effect of alcohol consumption on cancer and health in general
is far more complex, while the type of alcoholic beverage, the quantity consumed and the frequency
of consumption (Supplementary Tables 1-2), as well as the type of cancer and the overall personalized
health status and genetic profile of each individual, which seem to also play a significant role in these
contradictory associations. It should be mentioned however that wine and wine-derived compounds
are promising chemoprotective and chemotherapeutic agents for cancer, as they have been shown to
participate in several mechanisms against cancers, including deoxyribonucleic acid damage,
oxidative stress, , cell proliferation, cell cycle arrest, cell apoptosis, autophagy, inflammation-related
cell invasion and metastasis, immunity and metabolism, regulation of multiple signaling molecules,
and gene expression [6,167].

Due to the presence of such beneficial for health bioactives mostly in wine, it has been proposed
that the light to moderate consumption of alcohol in the form of wine (<1 drink/day for women and
1 to 2 drinks/day for men), is associated with a lower risk of inflammation-related disorders, such as
atherosclerosis and CVD, stroke, cancer, type 2 diabetes mellitus and all-cause mortality
(Supplementary Tables 1-2) [1,6,7,11,14,19,25,43,49,50,53,55,56,60,61,64,70,114-154, 164-166, 168-171].
Conversely, heavy drinking, (>4 drinks/day), is closely correlated with detrimental effects on health
and associated with an increased risk of developing cancer, CVD and stroke (both ischemic and
hemorrhagic), among others [156-166, 168-170]. Among males aged 15 to 59 years, alcohol abuse is
perhaps the leading cause of premature death. Excessive alcohol intake trails behind only smoking
and obesity among the 3 leading causes of premature deaths in the westernized societies. As such,
the risk-to-benefit ratio of drinking is less favorable in younger individuals.
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Because of the opposite direction of the association between alcohol consumption and
cardiovascular and cancer events, the association with all-cause mortality is complex, and J-shaped
[168-170], with a consumption window theoretically associated with a reduction in all-cause
mortality, up to 25 g alcohol per day. The J-shaped curve indicates that light to moderate alcohol
consumption leads to lesser risk against chronic disorders than abstainers and heavy consumers of
alcohol who are at the most risk in terms of health. A daily habit of light to moderate drinking is ideal
for those who choose to consume alcohol regularly. Red wine in particular before or during the
evening meal is linked with the best long-term health outcomes. Most of the studies on alcohol and
health are observational, and correlation does not prove causation [156-166], while the recent increase
of interventions and trials conducted on wine consumption have provided more robust evidence for
the health benefits of wine consumption in moderation (Supplementary Tables 1-2). Subsequently,
health care professionals need to advise with precaution nondrinkers to begin drinking because of
the paucity of randomized outcome data coupled with the potential for alcohol abuse even among
seemingly low risk individuals, and every effort must be made to promote behavioral education to
prevent abuse, especially among young people. Moreover, additional research is required to evaluate
and clarify the doubts that still exist.

For example, in all type of studies, including epidemiological studies, interventions and trials,
the abuse of alcoholic beverages has been associated with an increased risk of chronic-degenerative
diseases, including diabetes mellitus, so that there is a general diffidence towards the low/moderate
consumption of wine by individuals with type-2 diabetes or at risk of developing it. Whether
wine/grape derivatives must be excluded or if their low/moderate consumption could be part of the
daily diet of individuals with type-2 diabetes, is still studied. Although further intervention studies
on the consumption of alcoholic beverages and the development or control of type-2 diabetes are
needed, the burden of evidence suggests that low/moderate wine consumption seems to provide
beneficial effects (Supplementary Table 2). It has also been proposed that for older adult drinkers,
registered dietitians and physicians may find benefit in inquiring about the specific alcohol types
consumed, as opposed to inquiring merely about holistic alcohol intake, as part of patient
consultations or routine visits, while they should also encourage older adult alcohol drinkers to
consume alcohol in moderation and to consume a higher proportion of total alcohol intake from red
wine in order to help reduce the risk for weight gain, metabolic syndrome, adiposity-associated
health risks and diabetes.

Overall, wine is actually an alchemy of unique properties, with a rich and original composition
in terms of polyphenols, other phenolic and nonphenolic bioactive components, such as polar lipid
bioactived and UFA that are usually less considered, which may contribute to the alleged health
effects and a protective association between low-to-moderate wine consumption and inflammation-
related chronic disorders like CVD, type 2 diabetes and neurodegenerative disorder, while it does
not appreciably influence the overall risk of cancer. There is therefore strong scientific evidence from
Mediterranean and non-Mediterranean countries that moderate wine consumption provides
protection against all cause of mortality and thus increases longevity.

Bioactive components are not the only reason for the beneficial effects associated with wine
consumption; social factors also matter. The Mediterranean diet is a dietary model that is also
considered healthy because it suggests consuming wine during meals. When consumed during
meals, wine tends to be sipped more slowly than other alcoholic beverages and this may provide
metabolic benefits. In addition, the concomitant presence of food in the stomach slows the absorption
of ethanol, aiding metabolism and hepatic clearance, and lowering the peak blood alcohol
concentration. The concomitant presence of food may also reduce the amount of alcohol available to
the oral microbiota, which has the ability to metabolize ethanol to acetaldehyde, a compound
associated with the tumor effects of ethanol in the upper gastrointestinal tract. In addition, the
presence of alcohol may improve the bioavailability of wine bioactives in the food bolus, making
them more assimilable and may reduce glucose bioaccessibility, which is consistent with the
hypoglycemic effects observed in intervention and observational studies of moderate wine
consumption [50].
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Wine has always accompanied humanity, for religion or for health. For example, wine is
mentioned in the Bible, where it is written that Jesus Christ himself chose wine for his Last Supper,
and subsequently Christians also use wine for the re-enactment of the “Holy Communion”, while the
wise King-Prophet David had also emphasized in several of his psalms the benefits of food with wine
and oil, with characteristic examples being the 4t (8t verse; “£dwkag e0EOCVVNV ELG TNV kKadiav
LLOV* &TtO KQTIOL oitov, oivou kat éAalov avt@v EmMANOUVONoav”) and 103 psalms (15t verse; kot
olvog ev@poaivel kadiav avOewmov tob Aagival TMEOcwToV €V €Aalw, Kal &QTog Kadiav
avOpwmov otneilet).

The reason why the original Greek versions of these psalms are extended here, is because
unfortunately, the most common English translation of the original Greek phrases used in these
psalms, “evppoovvny eic tnv kapdiav uov” and “edppaiver kapdiav avBpwrov” is usually the use
of the simple phrase “gladdens the heart”. However, we should not neglect that the Greek language
and thus several Greek words and phrases like the aforementioned ones are conceptual and thus
provide a deeper meaning derived from the synthesis of their root-words (e0-@ooovUvnv and &v-
@oatvey; from the origin-word “ev-", which means “in a good way (kaAwc)” and the verb “¢poovd”,
which means “wisely taking care”), and subsequently the phrases mentioned in these psalms seem
to have a more appropriate meaning like for example “consumption of food with wine and oil wisely
takes care of and gladdens men’s heart”. All the above, further indicate the deeper philosophy of the
Mediterranean diet basis, which seems to be the famous Greek phrase “Métgov Agiotov” (All things
in Moderation), firstly mentioned by the Greek poet Cleobulus of Lindos in 6t century BC, but was
engulfed since then by all Mediterranean civilizations as a way of life. I should not also be neglected
that Hippocrates, the “father of modern medicine”, had also emphasized this in his phrase "Wine is a
thing wonderfully appropriate to man if, in health as in disease, it is administered with appropriate and just
measure according to the individual constitution" [171].

In modern times wine was responsible for the lot of ink flowed to explain the French or the Crete
paradox, while a lot of research tried to study wine and its bioactives, in order to solve the mystery
of its benefits. Beyond its cardiovascular effects, there are also effects on longevity, metabolism,
cancer prevention, and neuroprotection, and the list goes on. Wine is a preserve of antioxidants and
anti-inflammatory compounds for the winter and wine acts mostly as an alcoholic solution. Even
though several epidemiological studies have suggested an association of alcohol, including alcoholic
wine, with cancer and other diseases [156-166], still such studies only bring up associations but not
evidence. There are also studies proposing health benefits from alcohol free wines [155], while the
plethora of recent interventions and trials have provided more robust evidence for the health benefits
of wine consumption in moderation (Supplementary Tables 1-2), making researchers to suggest that
a wine without alcohol is like a “pure heresy” [171].

Wine is the elixir that by design, over millennials, has acted as a pharmacopeia that enabled man
to heal and prosper on the planet [171]. From Hippocrates to Michel de Lorgeril and Serge Renaud,
nutrition was the key to health and longevity, whether the Cretan or Okinawa diet, it is the small
dose of alcohol (wine or sake) that allows the appropriate beneficial interaction(s) with gut microbiota
and the bioavailability of their bioactive compounds and bio-functional metabolites. Moderate
drinking gives a protection for diseases and a longevity potential. In conclusion, let us drink fewer,
but drink better, to live older [171].

4. Recovery and valorization of bioactive compounds from wineries’ by-products as ingredients
for developing health promoting functional foods, supplements and nutraceuticals

Almost a hundred million tons of grapes are globally produced annually, with the majority of
them (approx. 55-65%) being used for wine production. The winemaking process generates large
amounts of grape pomace, the main winery by-product that supposes an economic and
environmental problem. It is estimated that every 100 kg of grapes used for winemaking yields a
quarter of this amount (20-25 kg) of grape pomace, with an annually estimate of grape pomace
production ranging approximately from 10 to 15 million tons worldwide [46,70]. Grape pomace is
constituted by mainly of grape skin, seeds, stems, and remaining pulp. Moreover, in grape seeds, an
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easily obtained byproduct of grape juice and wine processing, the majority of polyphenolic content
of grape is stored, which if valorized efficiently exhibits rich bioactivities, with promising application
prospects in the food industry, while it can also produce grape seed oil, another valuable by-product
from wineries [46,108]. The harvesting and winemaking processes are short, and a large quantity of
grape pomace and/or grape seed is generated in a very short time [46,108]. Even though grape
pomace and grape seed can be used for animal feeding and compost, only a small amount is reused
and its disposal raises environmental concerns while representing a high cost to the industry
[33,46,70,108].

After the fermentation-maceration process of wine making not all the valuable compounds of
grapes are transferred to wine, and thus grape pomace and grape seed are usually rich in bioactive
phenolic compounds, UFA, polar lipids and functional dietary fibers [22,33,39,42,44,46,70,108,172-
174]. These bio-functional compounds present in grape pomace and some in grape seed and its oil
exhibit a variety of bioactivities, such as antioxidant, anti-inflammatory, and anti-cancer effects, while
they are also beneficial in alleviating metabolic syndrome and regulating intestinal flora
[22,33,39,42,44,46,70,108,172-174]. In this sense, research has now been focused on the potential health
properties of such wineries’ by-products in the prevention of disorders associated with oxidative
stress, inflammation and thrombosis, such as endothelial dysfunction, atherosclerosis and CVD,
hypertension, hyperglycemia, metabolic syndrome, diabetes, obesity, cancer and neurodegenerative
disorders, among others [10,16-17,21-22,33,39,42,44,46,70,108,172-175]. Those effects are due to the
bioactive compounds of wineries’ by-products and the mechanisms concern especially modulation
of antioxidant/prooxidant activity, improvement of nitric oxide bioavailability, inhibition of platelet
aggregation, reduction of pro-inflammatory cytokines and modulation of antioxidant/inflammatory
signal pathways, as well as beneficial interactions with gut microbiota.

Grape pomace extracts can be applied in food, pharmaceutical, cosmetics and others products
in the form of liquid extracts, concentrate or powder (Figure 4) [46,108]. In addition, grape seed
extract, has been generally recognized as safe (GRAS) by the Food and Drug Administration (FDA)
and is commercially sold as a dietary additive listed on the “Everything Added to Food in the United
States (EAFUS)” to improve the overall quality of products and extend their shelf life [46,173].

Nowadays, several commercialized cosmetic products, such as day or night cream, and face
serum, mattifying fluid, anti-wrinkle and protect fluid, declare to use polyphenols from grape
pomace and/or grape seed. In the food supplementation field there are few brands claiming to use
grape polyphenols, mainly resveratrol. Such products confirm the commercial potential of bioactive
compounds extracted from grape, or grape by-products. Nevertheless, despite the potential health
benefits of resveratrol and other wineries” by-products derived phenolics, their employment as
nutraceutical ingredients within the food industry has specific limitations, due to their poor water-
solubility, chemical instability and limited bioavailability. For these reasons, several delivery systems
in the form of emulsions have been employed as promising encapsulation approaches, since
encapsulation of such amphiphilic/lipophilic bioactive ingredients inside the hydrophobic core of the
lipid droplets can protect them from degradation during storage and liberate them only after
ingestion.

Moreover, discrepancies have been observed with extracts from wineries’ by-products against
several disorders, mainly because the bioactives of the extracts have not been well quantified and
characterized for each subclass of functional molecules that target specific molecular, cellular and
biological processes. Moreover, some studies used enzymatic extraction while other used different
solvents such methanol, ethanol or acetone, and the different method applied provided different
content and bio-functional outcomes. For this reason, several investigations have focused on the
appropriate extraction methods and recovery of wineries’ by-products bioactive compounds
[108,176-180], as well as on their potential use as antioxidant and functional agents in the food,
cosmetic, and pharmaceutical industries [22,33,70,108]. Recovery and clarification of wineries” by-
products bioactive compounds profile, their bioavailability and the action mechanisms for
maintaining the redox cell balance and anti-inflammatory index involved in health benefits, is of great
importance for their potential use as good and inexpensive functional ingredients of supplements
and nutraceuticals for the prevention of inflammation-related chronic disorders [22].
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4.1. Characteristic extraction methods for the recovery of wineries’ by-products bioactive compounds

The vast volumes of wine pomace produced during the winemaking process, as well as their
potential market, has prompted food scientists to search for novel ways to use this by-product.
However, in order to acquire suitable applications for the food sector, a number of aspects must be
addressed, and especially the extraction method and its efficiency [108,176-180]. Pomace collection
should also be preceded by preliminary care selection to determine the best pomace for the
manufacturing of food-grade components based on functional constituent composition. In typical
extraction processes, the medicinally active sections of plant or animal tissue are separated from the
inactive or inert components using selected solvents [176]. Soxhlet extraction, maceration, and reflux
extraction are some of the traditional procedures that have been employed for a long time [108, 176].
As these procedures need a substantial volume of solvent, they are not suitable for commercial use.
Furthermore, the high heat required to attain these methods leads to the loss of polyphenol and UFA
products, as well as consume high amounts of energy. Traditional mechanical techniques damage
cell walls and also release polyphenols, but they also speed up the release of enzymes like
polyphenoloxidase and peroxidase, which might speed up polyphenol oxidation and destruction.
Similar methodology is also used for the production of grape seed oil, but the use of cold
temperatures and alternative pressing approaches may optimize the yield and quality [109].
Nevertheless, due to the drawbacks, non-conventional green and sustainable extraction methods had
to be developed/used for extracting grape pomace bioactives in such a way so that they remain
unaffected by the process, with highest possible yield and low energy cost [34,35,176].

For example, solid-liquid extraction through mechanical agitation and Soxhlet extraction with
ethanolic or methanolic solutions as solvent are the most often utilized extraction methods for value-
added by-products from grape pomace [108, 178-179]. The extraction method is an extensively used
unit operation to recover many important food components, including phenolics, lipids and dietary
fibres [108]. Alterations on the extraction process of grape pomace under various different
experimental conditions, such as solvent type (ethanol, methanol, water, etc.), temperature and time
produce different yield of extracted compounds and antiradical activity of extracts, depending on the
desirable extracted content of grape pomace. For example, a significant amount of anthocyanins or
phenolics in general can be extracted by specific methods [108, 180], while dietary fibres or grape
seed oil will need similar to much different methodology for higher yield [108]. Especially for
extraction of all phenolics, there are few available standardized procedures on solid-liquid extraction,
but more understanding and systematic research for a high yield of unaffected extracted compounds
is required [108, 181].

Due to an increasing need for "natural" methods that do not introduce any leftover organic
compounds, such as the use of nanofiltration membaranes or the supercritical fluid extraction, have
emerged as appealing separation approaches for the extraction of valuable compounds from food
wastes [34,176], including grape pomace, to be used in the food and pharmaceutical sectors [108]. The
basic premise of supercritical fluid extraction involves a fluid at its supercritical state where discrete
liquid and gas phases do not exist, which occurs at temperatures and pressures over its critical point
[176]. Supercritical carbon dioxide's unusual solvent qualities as well as its cheap costs have made it
a popular choice for extracting antioxidants, pigments and fatty acids from plant and animal sources,
such as the grape seed oil that is rich in such lipid bioactives [182]. When modified with ethanol, it
drastically increases polyphenols extraction while reducing extraction times, especially when
compared to other methods such as the Soxhlet extraction or the solid-liquid extraction [183-184]. In
another study, modification of ethanol (60%) extracted more polyphenols and anthocyanins from
pomace, increasing the extract's anti-oxidant, anti-proliferation, and anti-inflammation activities.
Furthermore, the functional activities of wine were increased when the crushed seeds in the fruit
extract were included [185]. A similar assessment with supercritical fluid extraction compared the
yield of resveratrol with carbon dioxide and the ethanol combination, with the latter extracting
significantly more [186].

The extraction of bioactives from food by-products like grape pomace through microwave
assisted extraction have also been thoroughly investigated [187-188], revealing its many advantages


https://doi.org/10.20944/preprints202306.1034.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 June 2023 d0i:10.20944/preprints202306.1034.v1

in natural compound valorizations. With the use of microwave techniques, polyphenol content
extracted from grape pomace had a higher polyphenol content compared to traditional methods
[189].

Ultrasound has been utilized more for the process of valuable compounds extraction from food
by-products, including grape pomace, with high product yield whilst maintaining low solvent
consumption and a shorter processing time [108]. Thus, when done with ultrasound assisted
techniques, the extraction of oil from grape seeds was very efficient compared to Soxhlet methods,
while using less time [190-191].

The recovery of valuable chemicals from food wastes and by-products like grape pomace using
pulsed electric field treatment is a promising technology. Pulsed electric field processing is a non-
thermal food processing technology that uses brief, high voltage pulses that results in cell
disintegration and microbial inactivation [192]. The process of pulsed electric field is instantaneous,
targeted and minimizes heat, the procedure is energy efficient whilst resulting in high-quality
products [193]. Pulsed electric field allows for the recovery of polyphenols without addition of
liquids, even in cases of fermented grape pomace, which has low relative humidity [194]. The shelf-
life of the product is also significantly extended due to the inactivation of microorganisms from the
electromechanical instability [195]. When pulsed electric field is used, total anthocyanin contents of
up to 45% were extracted from grape by-products [196-197].

Overall, even though the traditional methods are still the most used for the extractions of
compounds of interest from grape pomace, alternative technologies are emerging to recover bioactive
compounds from this winemaking by-product, in order to promote faster and “greener” technologies
[108,176-180].

4.2. Applications of wineries’ by-products and their bioactives in the food industry, as ingredient(s) for the
Sfortification/production of existing/novel functional food products

The utilization of wineries’ by-products and their bioactive compounds as a source of functional
ingredients is a promising field [22,33,42,46,70,108,110-111,172,182]. In this context, the recovery and
valorization of bioactive compounds, dietary fibres and functional oil from wineries’ by-products as
ingredients to fortify foods can still be an interesting alternative of environmental and economic
approaches in the agro-food and pharmaceutical sector. Recently, the exploitation and application of
wineries’ by-products as important candidates and sustainable sources of bioactive ingredients in the
production of fortified foods has gained increasing scientific and industrial interest (Supplementary
Table 3). The addition of wineries” by-products bioactive compounds to a wide range of food
products, such as plant origin food, meat, fish, and dairy products, could improve the nutritional
composition of the final products and increase their nutritional values, mainly due to higher
polyphenols and dietary fibers’ contents (Figure 4) [22,33,42,46,70,108,172,182]. Nevertheless, the
change of color and undesirable changes in texture and sensory properties of the final products,
caused by increased levels of polyphenolic compounds and/or dietary fibers, are the mainly observed
adverse effects of the fortification of foods with wineries” by-products [46]. Apart from these adverse
effects, the most valuable influence of the wineries’ by-products bioactives addition is certainly a
higher nutritional quality and oxidative stability of fortified products, reflected as higher polyphenol
and total dietary fiber content [33, 108]. Thus, wineries’ by-products bioactive compounds may
undoubtedly be used as functional components in foods and beverages, providing health advantages
in addition to nutritional value and other physiochemical applications, with a wide range of
applications in both the food and pharmaceutical sectors [22,33,42,46,70,108,172,182]. Additional in
vitro, in vivo and clinical studies are needed to examine the health efficacy of such products.

4.2.1. Applications of wineries’ by-products and their bioactive ingredients for the
fortification/production of functional flour/cereals-based foods

The fortification of flour/cereals-based staple foods such as bread and pasta with grape pomace
extracts/flour has been investigated in an effort to improve nutritional value of such foods. Grape
pomace flour has been studied in different staple foods fortification, due to its high antioxidant
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capacity and delaying lipid oxidation properties [108]. Thus, research has also evaluated the use of
grape pomace and seed flours in different flour/cereals-based pastry products and snacks too, such
as popsicles, cereal bars, biscuits and cookies, extruded snacks, and muffin, obtaining products rich
in fibre with antioxidant capacity potential and good acceptances by consumers [46,108]. With
incorporation of grape pomace flour, it enhanced the antioxidant properties of different baked
products, as well as increased total dietary fibre content [198]. The antioxidant capacity was also
improved when products were enriched with phenols such as anthocyanins [199]. Nevertheless,
biscuits were shown to be less brittle, reporting reduced hardness after incorporation of grape
pomace phenols and dietary fibre [200], while in cookies consumer acceptance was highest at 5%,
with further additions of grape pomace flour causing textural property changes [201].

Similar approaches have been done on bread through replacement or enrichment of wheat flour
with grape pomace flour and extract. In these studies, the extract greatly increased the antioxidant
activity of the final product despite some losses of phenolic compounds due to thermal treatment
[202-204]. However, in some cases grape pomace powder negatively influenced the shelf-life of
bread-based products like breadsticks, and thus showed an increase in oxidation rates [205], which
was attributed to the grape pomace powder used, which measures at 9g/100g dry matter of fat with
50% being UFA, which are prone to oxidative stress [206]. Although the increase in phenolic
compounds and nutrients is valuable, all the studies done on bread reported negative impacts on
textural properties of the product, with reports of noticeable astringency and acidity that could affect
consumer acceptance. Hardness and porosity of the bread has also been observed, likely due to the
reduction of yeast activity, which lowered the gassing power of yeast, as phenolics can limit
endogenous amylase activity in dough, resulting in insufficient maltose release for yeast activity
during proving [207,208].

Fortification of pasta with winemaking by-products has shown promising results too.
Substitution of flour or semolina with grape pomace powder at different rates has shown significant
increase in dietary fibres. However, the studies showed different proportion of anthocyanins retained
after the cooking process [209], with one showing no detection of anthocyanin after the cooking
process, while other phenols and condensed tannin content in the pasta were not affected, which
could be due to the highly bound phenol-fibre matrix [210]. The loss of phenolic content and
antioxidant activity could also be attributed to the loss of the gluten protein network from grape
pomace fibre interference [211]. Due to the same effect, cooking time was also shown to have reduced
[212].

An easily overlooked aspect of wine pomace is its mineral composition, as it has been
undervalued and there are no applications yet that focus on utilizing the mineral content, which is
likely due to the intense focus on polyphenols and dietary fibre. However, incorporation of grape
pomace flour has led to observations of improved mineral content that brings product stability. The
calcium concentration obtained from grape seed flour aided in the stabilization of enzymes such as
proteases and a-amylases, improving the quality of bread and cereal products [213-214].

Overall, there is a tendency that new applications of grape pomace in this area of functional
flour/cereals-based products may arise in the coming years, especially on plan-based dietary patterns.

4.2.2. Applications of wineries’ by-products and their bioactive ingredients for the
fortification/production of functional dairy-based foods

Improved physicochemical parameters, sensory properties and biological activities have also
been proposed for the fortification of dairy products with grape pomace ingredients [215]. For
example fortification of phenolics in dairy products, asides from the enhanced nutritional benefits,
has also demonstrated increased stability in physicochemical properties, as well as anti-microbial and
anticancer effects [215-217].

More specifically, the incorporation of phenolic compounds in yogurt showed beneficial
modifications in its sensory properties and antioxidant capacity [216]. The incorporation of grape
pomace powder into yogurt improved total phenolic content, while the total phenolic content was
increased in yogurt too, as the grape pomace powder ratio increased [218]. Grape fibre can be used
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as an alternative source of antioxidants and dietary fibre when added to yogurt and salad dressings,
not only for increasing the fibre and phenolic content, but also for delaying lipid oxidation during
storage, extending the shelf life of these products ([219]. The addition of grape pomace powder to
yogurt (1, 3 - 5%) significantly improved the yogurt color, even at the end of the storage period [218],
as well as a greater perception of sweetness and grape aroma in probiotic goat milk yogurts caused,
which assisted in facilitating the consumption of these products by consumers unfamiliar with goat
milk products by decreasing the perception of acidity and goat milk aroma [220]. Nevertheless, when
grape pomace powder was added into semi-hard and hard cheeses, asides from increased total
phenolic content and radical scavenging activity, it produced a significant pH decrease due to the
presence of organic acids from the grape pomace powder [221], which was also observed in grape
pomace powder-fortified yogurt that showed a relatively higher acidity too [218]

Fortification of buffalo stirred-type yogurt with 0.5% of grape seed extract significantly
increased the inhibition of free radicals, in comparison to control, indicating that the high
phytochemical content found in grape seed extract was most likely responsible for increasing the
antiradical ability of the grape seed extract-containing yogurt [222]. Fortified cheeses with grape
pomace displayed increased antioxidant activity too without affecting starter development and acid
generation that is crucial in the production [223]. Stirred-type yogurt supplemented with grape seed
extract showed also antibacterial properties against several pathogens, such as E. coli and S. aureus
[222]. This effect was significantly increased by increasing the concentration of grape seed extract in
yogurt, suggesting that besides the endogenous presence of milk bioactive peptides, grape seed
extract provided its antibacterial components in the yogurt product [222].

In fortification of both full-fat and non-fat yoghurts with grape pomace, the commercial shelf
life was extended without affecting product stability or lactobacilli count [224]. The total phenol
content, anti-oxidant activity and lactic acid bacteria trend were also retained throughout the shelf
life [225,226]. It was also proposed that the production of functional yogurts supplemented with
grape-seed antioxidants is feasible, given that the supplementation is carried out in the fermented
product and not in milk prior to fermentation [224]. Moreover, yogurt containing 0.5% grape seed
extract significantly increased cytotoxicity activity, achieving 62.47 and 70.36% cell death against
MCE-7 and HCT-116 cancer cell lines, respectively, with the phenolic substances found in fortified
yogurt derived from grape seed extract playing an important role in the observed increased
anticancer activity, in comparison to the anticancer activity of 0% grape seed extract yogurt [222].

4.2.3. Applications of wineries’ by-products and their bioactive ingredients for the
fortification/production of functional meat-/fish-based foods

Meat, fish and their products are the most prominent dietary categories in which wineries’ by-
products have been used to prevent mostly lipid oxidation and thus prolong storage or shelf life
[33,46,108]. Several studies have used grape pomace extracts as food protectors due to their
antibacterial capacity against different bacterial spectrum, while seedless grape pomace products
showed also bactericidal effects against total aerobic mesophilic bacteria, lactic-acid and
Enterobacteriacea [108]. Thus, research on the influence of grape pomace fortification in meat and
fish products were primarily conducted to determine the effects on shelf life and storage stability as
well as anti-oxidative capacities [46]. These fortifications were done largely through addition of grape
pomace powder or extract, or marination in grape pomace solutions.

Grape pomace dietary fibres and the rich in UFAs grape seed oil has also been utilized in meat
products [108]. For example, the addition of grape seed extract to Western-style smoked sausage
improved its color and extended its shelf life due to the strong antioxidant properties of grape seed
extract [46,227]. In particular, grape seed extract could significantly substitute and thus decrease
residual nitrite, which may inhibit the formation of harmful and carcinogenic substances, such as N-
nitrosamine [46,227]. Such modifications in the formulation of meat products have been made in
order to attend an increased interest from consumer for healthier and functional foods, such as the
reduction of some compounds such as fat, saturated fatty acids, and the addition of ingredients such
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as fibre, UFA and antioxidants into products, which can be achieved by the addition of grape pomace,
grape seed oil or their functional ingredients [108].

For example, there is an increasing consumer demand to limit the utilization of nitrite and other
preservatives and synthetic antioxidants in processed meat products due to associated carcinogenic
activities, therefore incentivizing researchers to use natural antioxidants as a substitute in processed
meats to achieve similar shelf stability and antimicrobial qualities. In several studies incorporating
grape pomace into preserved meat products, the antioxidant capacity scaled accordingly to different
concentrations, with most inhibiting lipid oxidation [228-230]. A low microbial count was also
achieved [231], likely due to the bacteriostatic or bactericidal effects exhibited at low or high phenolic
concentrations respectively. This result showed similar effects to the usage of nitrite in preserved
meats, suggesting that grape pomace could be used as an alternative additive for preservation.

Phenolic extracts from grape pomace have also effectively been used in meat products as
preservatives - natural antioxidant replacers to synthetic antioxidants added usually for the
preservation of meat, such as the use of red grape pomace in pork burgers [232]. In the addition of
grape seed extract into raw pork at 1% w/w, oxidative stability was achieved without negatively
affecting sensory qualities of the meat [233]. Grape seed extract also effectively reduced lipid
oxidation and improved the shelf life of storage lamb meat, equally to similar effects observed by the
addition of vitamin E [234]. Grape pomace extract has also been effectively used to improve shelf life
of both raw and cooked chicken meat [235-236], in which such a fortification resulted in strong
antioxidant activity during storage time, comparable to the common antioxidant food additive, butyl
hydroxy toluene (BHT). However, negative changes in sensory properties were observed following
such a fortification in chicken meat.

Grape antioxidant dietary fibre added on chicken breast hamburger and on fish muscle showed
an improvement on the oxidative stability and on the radical scavenging activity of both products
[237-238]. When grape seed flour was used at different concentrations into sausages, similar
decreased levels of oxidation can be observed, followed by enhanced protein and increased total
dietary fibre [239]. However, water holding capacity was also increased likely due to the increase in
fibre-matrix complexes, which could increase the water activity of the product, and thereby increase
susceptibility to microbial growth. Of these studies, most saw alterations in color with other sensory
properties such as texture and taste unaffected.

Pre-emulsified grape seed oil has also been used to replace pork back fat in frankfurter sausages
resulting in beneficially affected fatty acid composition and overall reduction of the fat content, which
was then closer to the target value of 20% (fat content), while these reduced fat frankfurters had
consumers acceptability similar to regular fat frankfurters, as there was also an increase in
gumminess and chewiness, improving textural properties [240]. Similar results were obtained when
different concentrations of grape seed oil replaced animal fat in frankfurters sausages and even
though the decrease in the lipid oxidation was not significant, however it was well accepted by
panelists [239].

Whole grape pomace was used in minced fish frozen successfully to lipid oxidation prevention
[108], as it was also shown by the fortification of fish products with grape pomace at concentrations
of 1% [239] and 2% [242]. Other studies used also grape pomace extracts as food protectors due to
their antioxidant ability to prevent lipid oxidation in fish-based products [243]. Similar observations
were also observed regarding oxidation inhibition and storage stability, followed by increase in
dietary fibres after the addition of grape pomace flour into salmon patties [242]. In the addition of
grape seed extract into minced fish muscle, the extract demonstrated inhibition of lipid oxidation
throughout cold storage too, but as with the meat products, a deeper color of the finished product
was noticed in the enriched products, leading to lower consumer acceptance. The application of fibre
from grape pomace has also been performed in fish products, such as codfish and seafood, where the
addition of these compounds has been shown to be a promising tool in minimizing flavor changes,
color, texture and lipid oxidation during freezing storage [238, 244-245].

In the application of wine pomace in preserved meat products, the mineral content allowed the
product to have a lower level of sodium, higher levels of calcium and potassium, whilst maintaining
product shelf stability [228], which may help to lower blood pressure, minimize the risk of stroke,


https://doi.org/10.20944/preprints202306.1034.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 June 2023 d0i:10.20944/preprints202306.1034.v1

and prevent CVD, particularly in hypertensive people. Finally, the use of grape pomace flour for
coating has also improved the nutritional value of meat or fish. For example, daily consumption of
beef burgers prepared with wine grape pomace flour for one month in 27 male volunteers with
metabolic syndrome, improved their blood biochemical parameters, such as fasting glucose and
insulin resistance, including plasma antioxidant levels and oxidative stress biomarkers, in
comparison to the other months of the intervention, when they consumed daily either no burgers (in
the second month), and one control-burger (in the third month) [246].

Therefore, it seems that such grape pomace and grape seed oil functional ingredients have the
potential as a dietary supplement and fortifying agents of meat and fish foods to manage chronic
disease risk in humans, without affecting the overall nutritional and sensory properties of the
fortified foods.

4.2.4. Applications of wineries’ by-products and their bioactive ingredients for the
fortification/production of other plant-based functional foods and beverages

Wineries’ by-products and their bioactive ingredients has also been effectively used for the
fortification/production of other plant-based functional foods and beverages. For example,
supplementation with grape skin powder of tomato puree with varied particle sizes at a
concentration of 3.2%, even though no significant impact on polyphenol concentrations was
observed, still the antioxidant potential of the fortified tomato puree was greater due to the
introduction of grape pomace anthocyanins, while the reduced particle size of grape skin powder
received higher results in sensory studies too [247]. Moreover, when lycopene was used together with
anthocyanins in vitro, the combination seems to work synergistically, demonstrating not only
antioxidant improvement, but also strong anti-inflammatory potential through a significant increase
in inhibition of cytokine IL-8 [248]. In a similar evaluation, walnut paste was encapsulated and
emulsified with grape skin extract to evaluate the oxidative stability and phenolic retention.
However, results showed that though the antioxidant capacity was incorporated into the walnut
paste, further thermal stress did not bring significant benefits, and most antioxidant properties were
traced back to tocopherols that were originally present in the walnuts [249]. Thereby, the combined
synergistic abilities for different antioxidant bioactives requires further investigation.

Asides from antioxidant capacity, the possibility of inhibiting acrylamide formation through
grape pomace addition was also studied. Acrylamide is a molecule produced during the formation
of browning in Maillard reactions that is found to exhibit carcinogenicity and neurotoxicity numerous
human and animal studies [250]. Through incorporation of grape pomace extract into potato chips, a
significant reduction of 90% less production of acrylamide was observed in the final product [251].
This was reflected in another study, observing the decrease in acrylamides through not only the free
radical scavenging effects, but also reaction with carbonyl species [252].

Apart from the traditional application of grape pomace in the food industry as a substrate for
the production of some spirits by distillation [46], grape pomace and its extracts can also be used as
functional supplement in food production, to enrich beverages, or even as ingredient of osmotic
solution to obtain dehydrated fruit incremented in phenolic content [253]. Due to their ability to
absorb tannin, a study suggested that grape fibre addition in red wine production would be able to
remove up to 38% of tannins generated during the process [254]. Grape ingredients have also been
successfully used to address the unpleasant taste and flavor faced by produced fermented products
from plant-based dairy alternative drinks. Thus, supplementing such plant based yogurt-like
fermented products with some natural functional ingredients, including grape bioactives, can
overcome the alleged unpleasant or poor taste in this kind of plant-based products [215].

4.3. Health benefits and applications of wineries’ by-products and their bioactives, as ingredients of bio-
functional food products, supplements and nutraceuticals

The application of wineries’ byproducts, such as grape pomace and grape seed, has shown
promising outcomes, with progress reported in their valorization and/or the incorporation of their
bioactive ingredients in producing bio-functional foods, supplements and neutraceuticals with
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several promising observed benefits and health promoting effects (Figure 4) [22,33,42,46,70,108,110-
111,172,182,255]. Each of the bioactive ingredients of these by-products, such as their phenolics, UFA,
polar lipids and dietary fibers, or even several forms of the by-products themselves or extracts of
these by-products containing several of these bioactives, which usually act synergistically, have been
assessed for health benefits by either improving the fortified bio-functional foods or in the form of
supplements-nutraceuticals. For example, several products derived from these by-products have
been developed, such as supplements containing grape pomace extracts or grape seed extract
capsule, while grape seed oil on its own has been characterized and sold as a supplement product
((Figure 4) [46,108,110-11,182,255].

The most characteristic bioactive ingredient(s) of the wineries’ by-products used in such
applications are several of their extracts rich in phenolics or the recovered and isolated from them
specific phenolic ingredients with specific metabolic and bio-functional properties and health
promoting effects [16,22,33,38-42,46-47,70,108,110,172,174,176,182]. Apart from vitamins and
minerals, phenolic compounds may be one of the most popular dietary supplement categories.
Wineries’ by-products like grape pomace and grape seeds seem to be sustainable sources of phenolic
bioactives like resveratrol for developing bio-functional food products and promoting health
supplements and neutraceuticals, while such by-products contain also other bioactive ingredients
like UFAs, polar lipid bioactives and dietary fibres, which have also shown several health benefits
(Figure 4) [10,16-17,21-22,33,38-42,46-47,70,108,110-111,172-174].

However, it is still necessary to implement more clinical trials to be able to draw safe conclusions
on the possible use of winery by-products and of their bioactives as single isolated compounds with
a known concentration or as a validated standardized mixture of these compounds, with increased
bioavailability, to be used for the production of protective and/or therapeutic bio-functional products,
supplements and nutraceuticals, with antioxidant, antithrombotic and anti-inflammatory health
promoting effects.

4.3.1. Anti-oxidant, anti-inflammatory and antithrombotic health promoting effects of grape
pomace and of its bioactives, extracts and relevant bio-functional products

Grape pomace is an important source of phenolic compounds, and many effects on health such
as free radicals scavenging activity, anti-platelet and anti-inflammatory properties, anticancer, and
cardioprotective activity have been reported [22,33,42,46,70,108,172,174,176]. Flavonoids, stilbenes,
lignans, and phenolic acids, classes of polyphenols found in grape pomace, have been investigated
as an important alternative source for active substances that could be used in the management of
oxidative stress, platelet activation, inflammation and of many other pathological manifestations
[22,38-42,46-47,68,70,108,172,174,176,256-257].

A large variety of in vitro and in vivo studies has exhibited the beneficial antioxidant and anti-
inflammatory actions of grape pomace and its bioactive ingredients. Several in vitro works have
presented the antioxidant effects of grape pomace and its bioactive ingredients, such as the observed
decrease in ROS, MDA, and TBARS levels, as well as an increase in GSH levels, while the observed
in vivo antioxidant benefits usually include the increase in CAT, SOD and GPx4 levels, a stimulation
of endothelial eNOS gene expression, as well as a beneficial modification of uric acid (UA), protein
carbonyls (PC) and TBARS levels [21,38-42,108,172,257-259].

The in vitro anti-inflammatory actions of grape pomace and its bioactive ingredients, and
especially those of the grape pomace phenolics, usually include the inhibition of NF«f3 and PGE2
associated inflammatory pathways, as well as the decrease of some inflammatory markers such as
IL-8 [42,108]. In addition, the inhibition of platelet activation and aggregation induced by several
inflammatory and thrombotic mediators like PAF, thrombin, collagen and ADP, by grape pomace
and/or grape seed extracts rich in bioactive phenolics, UFAs and polar lipids further support their
protective effects against several thrombotic and -inflammatory manifestations and associated
disorders [6-7,10,16,17,22,42,70,74,90-92,108,260-265]. The in vivo anti-inflammatory properties of
grape pomace and its bioactive ingredients include also the inhibition of the release of several
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inflammatory markers such as IL-1a, IL-1p, IL-6, IFN-y, TNF-a, and CRP [42], as well as the
protection against thrombo-inflammatory activation of platelets [15].

For example, grape pomace extract rich in phenolic compounds like quercetin, catechin,
epicatechin and gallic acid, have shown better inhibition of platelet aggregation induced by ADP,
compared with wine’s effect on platelets, nevertheless such phenomena could be explained due to
the higher concentration of phenolic compounds present in the pomace extract [261]. In addition,
extracts of both red grape pomace and white grape pomace have also been found to inhibit platelet
aggregation activity using ADP as agonist [265]. Strong anti-platelet effects of red grape pomace
extracts, not only against ADP, but also against the platelet aggregatory thrombo-inflammatory
signaling of PAF and thrombin has also been found [16,17]. Such extracts were not also rich in
bioactive phenolics, but they were also found to contain considerable amounts of bio-functional polar
lipids and UFA, which explain their strong anti-inflammatory and antithrombotic potency [16]. In a
randomized trial in healthy individuals that was based on the consumption of a supplement
containing several plant extracts, including grape pomace extract, showed a strong protective effect
against PAF-associated thrombo-inflammatory signaling, by reducing both PAF-activities (reduced
PAF-induced platelet aggregation) and PAF-levels (increased PAF-catabolism) [15].

Several human studies have shown that consumption of grape pomace products significantly
reduce risks of atherosclerosis, hypertension and diabetes related conditions [70,108]. For example,
grape pomace extract presented protective vascular and antioxidant properties [258], as such extracts
induced a relaxation or inhibition in the contraction of aortic rings in a dose-dependent manner,
mainly due to antioxidant activity of the phenolic compounds present in the extract and the induced
activation of eNOS through a NO-dependent mechanism. Supplementation with red grape pomace
flour in atherogenic diet-fed SR-B1 KO/ApoER61M mice, a model of lethal ischemic heart disease,
increased plasma antioxidant activity, changed TNF-a and IL-10 levels, decreased atheromatous
aortic and brachiocephalic plaque sizes, attenuated myocardial infarction and dysfunction and thus
reduced premature death [266].

Grape pomace extracts and products have also exhibited antioxidant and anti-postprandial
hyperglycemic protective activities in vitro and in vivo, suggesting its use as a functional ingredient
against these manifestations [21,267]. For example, intervention study showed that as a dietary
supplement, consumption of wine grape pomace flour improved the blood pressure of patients, as
well as enhanced insulin sensitivity and antioxidant protection [268]. More specifically, the
consumption of grape pomace flour rich in fiber and polyphenol antioxidants, , in males with at least
one component of metabolic syndrome, as a food supplement in a regular diet or as an ingredient of
functional foods fortified with this winery by-product, improved fasting glucose levels, glycaemia
and postprandial insulin, systolic and diastolic blood pressure and plasma antioxidant levels (i.e. it
increased the levels of plasma y-tocopherol and d-tocopherol, which provide antioxidant protection
and decreased oxidative protein damage), indicating attenuation of oxidative stress and protection
against metabolic syndrome in humans [246,268].

In another double-blind placebo controlled study, blood pressure was significantly lowered
when polyphenol rich grape extracts were administered [269]. A double-blind randomized placebo-
controlled trial showed also that foods fortified with wine pomace, or with its bioactive flavanols, can
attenuate hyperglycaemia-induced endothelial dysfunction and oxidative damage in endothelial
cells and thus can significantly improve vascular function [270-271]. The antioxidant activity
demonstrated in the various applications of wine grape pomace and fortification into different
functional foods seems to be beneficial, as it was also shown in another trial in healthy normal and
overweight/obese women based on the consumption of a grape pomace extract, which resulted in
postprandial metabolic benefits and protection against oxidative stress responses [21]. Moreover,
treatment of intestinal cells with grape pomace extract provided anti-oxidant protection, as it
neutralized the production of reactive oxygen induced by tert-butyl hydroperoxide [272].

The presence of high concentrations of grape pomace phenolics (polyphenols, tannins,
flavonoids and anthocyanins) can also provide plasma lipid lowering protective effects, since such a
polyphenolic grape pomace extract reduced cholesterol levels by lowering the enzymatic activities of
enzymes involved in intracellular cholesterol production [38]. Moreover, in a triple-blind,
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randomized controlled trial, grape extract consumption reduced atherogenic markers and exhibited
additional cardioprotective effects, including decreased LDL and apolipoprotein-B [273].

Even though glucose, total cholesterol, HDL-C and LDL-C levels were not affected in vivo in
male Wistar rats treated with a rich in phenolics grape pomace extract (malvidin, quercetin, gallic
acid, and a procyanidin dimer type B were the main compounds identified), still other biomarkers of
CVD, such as VLDL-C and triacylglycerols levels, were decreased with such a grape pomace extract
treatment [274]. On the other hand, in another randomized crossover clinical trial based on
consumption of a grape seed extract by hyperlipidemia patients (21-64 years old) a decrease in total
cholesterol, LDL-C and the Ox-LDL-C levels was observed, while triacyclglycerols, HDL-C and
VLDL-C levels were not modified [275]. The observed differences between these two studies may be
explained either by the different winery by-product source used for obtaining the rich in phenolics
extracts, or by the organisms of the trials and/or by the amount supplemented, because higher
dosages were given to the rats compared with those given to the hyperlipidemia patients.

Most of the studies have presented the effects of specific concentrations of single grape pomace
polyphenols, such as resveratrol, quercetin, and gallic acid, against oxidative and inflammatory
damage, but recent experimental data have shown that grape pomace extracts are more effective than
a single bioactive ingredient, possibly because of their synergistic action that interferes with more
than one pathophysiological mechanism [15-17,21,22,42,46,70,108,172]. All these studies have
presented that grape pomace as a whole extract, but also different individual bioactive ingredients
contained in grape pomace can modulate the endogenous pathway responsible in reducing oxidative
stress and chronic inflammation [22], indicating that they may be successfully utilized as valuable
therapeutic candidates capable to reduce the thrombo-inflammatory and oxidative stress associated
pathological processes. Although further research is needed, the bioactive molecules from wineries
by-products show promise for use as antioxidant supplements [21,38-42,108,172,257-259]. The
ethanolic extracts of grape pomace have been proposed as candidates for food supplements and
nutraceuticals with antioxidant protection and anti-platelet benefits as well [15,21].

4.3.2. Anti-oxidant, anti-inflammatory and antithrombotic health promoting effects of grape seeds
and of their bioactives, extracts and relevant bio-functional products

Considerable interest has also been given on the use of grape seed and its extracts as raw material
to develop products with nutritional value and health benefits [46,108,173,262-264,275-283], with
considerable popularization and application prospects [46,108,173]. For example, grape seed extract
capsules have been developed and sold by some companies as dietary nutritional supplement
products to protect humans from oxidative damage and to maintain health. Moreover, due to its
solubility in water and ethanol, grape seed extract has considerable potential as a beverage added to
produce products with health benefits that could satisfy the taste standards of the public [46,276-277].

Grape seed products and extracts have shown potent antioxidant and anti-inflammatory
vascular protection, lipid lowering effects and subsequent cardiovascular benefits [46,108,173,262-
264,275-283]. For example, administration of grape seed extract to hamsters for 12 weeks resulted in
a substantial reduction of plasma cholesterol [256]. Moreover, grape seeds hold a large amount of
proanthocyanidins, also known as condensed tannins [277], while the pharmacokinetics and
biological metabolism of these grape seed bioactives have shown that they possess significant
antioxidant and anti-inflammatory capacities, demonstrated by the suppression of IL-3 activity,
inhibition of inflammatory mediators and lipoxygenase, as well as reduced LDL oxidation [283-285].
In in vivo studies, grape seed powder and proanthocyanidin consumption is shown to exert anti-
oxidative, anti-inflammatory and cardioprotective effects [282, 285].

Grape seed extracts have also shown potent antiplatelet cardioprotective effects [70,108,262-264].
For example, grape seed extracts (containing a mixture of polyphenols including gallic acid, falvan-
3-ols, and proanthocyanins) inhibited more potently than resveratrol the platelet activation induced
by proteolytic (thrombin-induced) and non-proteolytic (thrombin receptor activation peptide —
induced) signaling, while the formation of platelet microparticle ((PMP) generation was also reduced
[262]. It seems that the presence of a variety of phenolic bioactives in grape seed extracts provides the
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ability of this wineries’ by-product to interact with several pathways in platelet activation, leading to
decreased degranulation and PMP shedding, thus contributing to its higher inhibition than pure
resveratrol. The specific method by which such phenolic compounds limit platelet activity has yet to
be determined, however it appears that these phytochemicals alter the fluidity of membranes, the
affinity of the ligand-receptor, and the signaling pathways inside cells. These effects might be
mediated by antioxidant processes, as well as the control of pathways linked to nitric oxide
generation and release, which alleviate the oxidative stress-induced platelet activation and PMP
shedding by scavenging free radicals. Similarly, flavan-3-ol-rich extracts from grape seed were shown
to have a platelet-inhibiting effect under flow in response to collagen/ADP [263]. Interestingly, grape
seed and grape skin extracts elicit a greater antiplatelet effect against on collagen-induced platelet
aggregation when used in combination than when used individually in both dogs and humans [264].

As aforementioned, wineries’ by-products, their products and extracts, as well as several of their
fortified functional foods, have also exhibited potent anti-diabetic benefits [108]. For example, the
incorporation of extracts from grape pomace, grape seed or grape skin, in yogurt resulted in a
significant increase in total phenolic content and antioxidant and antidiabetic properties, compared
to the controls, with the functional yogurt fortified with grape skin extracts showing the highest
phenolic content and antioxidant capacity, as well as the highest inhibition of the activity of a-
glucosidase [286], an enzyme that is associated with the digestion of carbohydrates as well as with
the elevation of postprandial glucose levels in diabetic patients . Furthermore, a study also shows
that resveratrol-amplified grape skin extracts to inhibit fat accumulation and fatty acid synthesis, as
well as modulate insulin sensitivity, all of which lead to risk reduction in obesity rates [287]. With
respect to grape seed, an extract of this winery by-product has in vitro inhibited the intestinal a-
glucosidases and a-pancreatic amylase that may delay carbohydrate digestion and absorption,
resulting in the suppression of postprandial glycemia, while this extract has reduced in vivo
postprandial plasma glucose in healthy participants receiving a high carbohydrate meal, in an acute,
randomized, controlled crossover study-design [278]. Moreover, oligomers of grape-seed
procyanidin extract were able to enhance insulin-mediated glucose uptake by their interaction on the
GLUT4-mediated glucose-uptake process [279], which further support the anti-diabetic protective
properties of grape seed bioactive phenolics.

Several studies have also shown the potential use of grape seed extracts rich in bioactive
phenolics, as a therapeutic against several neurodegenerative disorders. For example, a commercially
available grape seed polyphenolic extract significantly attenuated Alzheimer’s diseases type
cognitive deterioration and reduced cerebral amyloid deposition [281].

Grape seed is also a valuable source of bio-functional oils [46,108,110-111,182,255]. Grape seed
oil also contains phenolics, but it is also rich in UFAs (especially linoleic acid) and lipid-soluble
vitamins (such as vitamins A, D and E), conferring grape seeds oil with various health-promoting
activities [18-111,182,255]. Recently, some lipid-embedded substances in grape seed oil, such as
tocopherols, phytosterols and phenols, have attracted increasing attention from researchers because
of their diverse biological activities, such as antioxidant and anti-inflammatory activities [108,110-
111,182]. Recent reported data has proved beneficial effects of grape seed oil, such as
hepatoprotective, neuroprotective and reducing liver cholesterol [108,288-290]. The potent
antioxidant, anti-inflammatory, antiapoptotic and lipid lowering activities of grape seed oil exhibited
a protective effect on acute liver injury, while similar protective mechanisms of grape seed oil against
oxidative damage and inflammatory cascades in the brain, such as its ability to scavenge free radicals,
improve the activity of antioxidant enzymes, down-regulate the gene expression levels of xanthine
oxidase and inducible nitric oxide synthase and suppress the inflammatory responses, seem to also
be responsible for its neuroprotective effects too [288-290].

In this respect, the recovery of oil from grape seeds is of considerable significance with respect
to the exploitation and utilization of grape seed oil as a functional food and supplement on its own
[108,110-111]. Some grape seed oil products have been sold by companies and are consumed as part
of the daily diet.
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4.3.3. Anticancer protective effects of wineries’ by-products and of their bioactives, extracts and
relevant bio-functional products

Extracts and products derived from winery by-products, containing several of their phenolic
bioactive compounds, and especially anthocyanins and/or resveratrol, have also exhibited anti-tumor
protective properties against several types of cancers [22,33,46,58,65-67,72,81-87,108,172,280,291-298].
For example, grape seed extracts have exhibited anticancer actions against different cancer types
(skin, prostate, breast) [280]. In addition, a daily dose of 80 g resveratrol-containing freeze-dried
grape powder for 14 days in 8 colon cancer patients resulted in a significant inhibition of the Wnt
signaling pathway, which is one of the key cascades regulating development and stemness, and has
also been tightly associated with cancer [291]. The chemopreventive mechanisms of resveratrol
containing extracts of winery by-products has also been attributed to resveratrol’s capacity to control
inflammation, remove reactive oxygen species and deactivate pro-carcinogens [6,81-87,291].

Anthocyanins similarly exhibit anti-carcinogenic activity against cancer cells in vitro and in vivo
[293]. In wvitro, the chemopreventive properties of anthocyanins demonstrated include radical
scavenging actions, decreased cell proliferation, decreased inflammation as well as induction of
apoptosis, while, dietary anthocyanins have also inhibited in vivo gastrointestinal cancers. More
specifically, anthocyanin-rich extracts from grapes, and several pure anthocyanins and
anthocyanidins, seem to exhibit their pro-apoptotic effects in multiple cancer cell types in vitro,
through both intrinsic (mitochondrial) and extrinsic (FAS type I transmembrane protein of the TNFa
superfamily) pathways. In the intrinsic pathway, anthocyanin treatment of cancer cells results in an
increase in mitochondrial membrane potential, cytochrome c release and modulation of caspase-
dependent anti- and pro-apoptotic proteins. In the extrinsic pathway, anthocyanins modulate the
expression of FAS and FAS-ligand pathway in cancer cells resulting in apoptosis. In addition,
treatment of cancer cells, but not normal cells, with anthocyanins leads to an accumulation of ROS
and subsequent apoptosis, suggesting that the ROS-mediated mitochondrial caspase-independent
pathway is important for anthocyanin-induced apoptosis too.

For example, administration of an anthocyanin-rich extract from bilberry, chokeberry and grape
(containing 3.85 g anthocyanins per kg diet) in rats with colon cancer induced by azoxumethane,
significantly reduced the formation of the azoxymethane (AOM) induced colonic aberrant crypt foci
(the earliest identifiable intermediate precancerous lesions during colon carcinogenesis). This
reduction was associated with decreased cell proliferation and COX-2 gene expression, however, the
levels of urinary 8-OHdG were similar among rats fed the different diets [294]. Administration of
grape pomace in female mice, with AOM/dextran sulfate sodium (DSS) induced colorectar cancer,
showed protective effects against colitis-associated carcinogenesis, since such an administration
ameliorated the disease activity index (DAI) score, reduced tumor number, tumor size and
pathological scores, as well as it suppressed cell proliferation and inflammation (suppression of
colonic expression of inflammatory cytokines, IL-13 and TNF-a, inhibition of NF-«kB inflammatory
signaling, increase of anti-inflammatory cytokine TGF-f mRNA expression) and it alleviated DNA
methylation of the promoter region of Cdx2 gene and hypermethylation of CpG island methylator
phenotype (CIMP), which commonly occurs during CRC carcinogenesis [295].

Recently, two phenolic-rich extracts from biotransformed grape pomace, which was derived by
a 15-day solid-state fermentation with the white-rot fungi Phanerochaete chrysosporium and Trametes
gibbosa, respectively, have exhibited potent antioxidant and antiproliferative potentials against
colorectal cancer in vitro, in both Caco-2 and SW620 colorectal cancer cell lines [296]. In addition, an
anthocyanin-rich grape extract and a component grape anthocyanin have shown breast cancer
chemopreventive potential due in part to their capacity to block carcinogen-DNA adduct formation,
modulate activities of carcinogen-metabolizing enzymes, and suppress ROS in these noncancerous
human breast cells [297]. Fractions of a grape pomace derived from the muscadine 'Noble' variety,
which contained a mixture of anthocyanidins and ellagic acids, exhibited the strongest anti-oxidative
activity, as determined at both low and high concentrations in the 2,2-diphenyl-1-picrylhydrazyl
(DPPH) and ferric-reducing antioxidant power (FRAP) assays, while they were also able to potently
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induce cell cycle arrest and apoptosis in MDA-MB-231 breast cancer cells, via caspase activation and
by downregulating cyclin A and upregulating p21 [298].
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Figure 4. Applications of wineries’ by-products and their bioactives in the food industry, as
ingredient(s) for the fortification/production of existing/novel functional food products, supplements
and nutraceuticals with increased antioxidant protection - shelf life, and antithrombotic and anti-
inflammatory health promoting properties against chronic disorders.

4.3.4. Antimicrobial protective effects of wineries’ by-products and of their bioactives, extracts and
relevant bio-functional products

Natural products as sources of potential antimicrobials, and especially from food wastes like the
rich in phenolics wineries” by-products (pomace, skins, stalks, leaves, and especially seeds), seem to
provide an alternative sustainable way to counteract bacterial infections. Some phenolics like
resveratrol are bacteriostatic/bactericidal against several pathogenic bacteria and may have a
synergistic action towards antibiotics, mitigating or reverting bacterial resistance to these drugs.
Complex phenolic mixtures, such as those present in these winemaking residues, are even more
effective as chemotherapeutic antibacterial agents and could be used in combined therapy, thereby
contributing to management of the antibiotic resistance crisis [299], while they can also be
successfully used to replace the requirement for artificial preservatives.

For example, grape seed extracts were efficient in their antibacterial activities after inoculation
into cheese and demonstrated bactericidal effects against Escherichia coli [300]. The antibacterial
impact was shown at greater concentrations than in vitro experiments, suggesting that the
antimicrobial effect was reduced when the items were introduced to meals. The reduced impact is
most likely due to polyphenols' limited solubility in specific meals and their interaction with other
dietary components [301]. In a study, resveratrol showed significant antibacterial activity against
gram-positive bacteria through disruption of phospholipid bilayer and causing significant cell
membrane damage when tested against Listeria monocytogenes [302]. This observation was reflected
similarly in other studies against gram-positive bacteria [299,303].
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4.3.5. Bio-delivery systems to improve the bioavailability and bio-functionality of wineries’ by-
products and of their bioactives, extracts and relevant bio-functional products

Delivery of phenolic bioactives of winery by-products and of their bioactives into the body
system is limited due to their poor water solubility, bioavailability and chemical stability [303-304].
With the use of different encapsulation as an approach, the delivery for such bioactives may be
achieved. Emulsion-based delivery methods, in particular, are a potential encapsulation method.
Lipophilic bioactive substances can be contained inside the hydrophobic core of lipid droplets,
preserving them from destruction while allowing them to be released after consumption [305]. The
value of an encapsulation technique for stabilizing bioactive chemicals derived from winemaking by-
product was also shown in a study, where crude extract polyphenols were observed to degrade faster
than those encapsulated [304].

For example, formulation of cosmetic emulsions with grape seed oil and diluted wine in the
aqueous phase presented advantages such as direct inclusion of natural antioxidants, aroma and
color compounds that enhanced their organoleptic characteristics [306]. In another cosmetic
application of grape pomace, inactivation of proteolytic enzymes related to skin aging, such as
collagenase and elastase, was observed, due to the higher availability of hydrophilic polyphenols,
such as low molecular weight phenolic acids, especially gallic acid [307]. An antioxidant therapeutic
nanoplatform consisting of nano-sized functionalized liposomes loaded with selected polyphenol-
rich extracts from grape seeds and skins, with high blood-brain barrier crossing capabilities,
successfully reduced oxidative stress (decreased ROS levels), prevented the aggregation of a-
synuclein fibrils, and restored cell viability, in a relevant in vitro model of Parkinson's disease [308].

In another nanoemulsion, grape seed oil and grape skin extract were combined to encapsulate
resveratrol, and thus created a stable delivery system for resveratrol, with minimal damage against
UV-light isomerization and degradation, which reduced oxidation damage [309]. In another study,
the synergistic effect between a sunscreen system containing UV filters and grape pomace extract on
improving the antioxidant activity and UVB protection of this winery by-product, has also been
observed [310]. More specifically, both samples (control formulation containing UV filters and
sample formulation containing UV filters + grape pomace extract at 10.0% w/w) were considered safe,
while sample formulation containing UV filters + grape pomace extract was more efficient in
protecting skin against UVB radiation, taking approximately more time for UVB to induce erythema
compared to the extract-free control

Dietary fibres of wineries” by-products seem to be another popular grape-derived product with
significant antioxidant effects, which can also be used as a natural system that increases the bio-
delivery of wineries’ by-products bioactives [108,175,311-312]. Wineries’ by-products dietary fibre
antioxidant activity may differ significantly depending on the extraction method used [108,175,313-
316].

For example, the overall antioxidant activity of generated fibres was increased through a method
of hot aqueous extraction of white grape pomace followed by membrane concentration [313]. Fibre
components in grape pomace have shown to form chemical bonds with phenolic substances through
a complex matrix, thus increasing the phenols’ ability to scavenge free radicals as they form an
antioxidant dietary fibre compound, and thus enhanced the nutraceutical properties of the fortified
bio-functional food product [200,311-312]. Furthermore, enhanced bio-functionality, nutritional
value and storability of yogurt and salad dressing were observed when these food products were
fortified with grape pomace fibres [219], while when grape pomace was used as a dietary fibre
supplement for the use of prebiotic and bio-preservative, an increase in probiotic population was
observed [317].

In human studies, though the dietary fibre delayed the absorption of phenolics, it showed that
the dietary fibre intake increased plasma antioxidant capacity, demonstrating that the combination
makes it partially bioavailable to humans [312]. This makes dietary fibres from wineries’ by-products
an appealing source for the development of nutraceuticals with the goal of long-term enhanced bio-
delivery of their bioactives.
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4.4. Limitations in the applications of wineries by-products and of their bioactive ingredients

The first impediment to widespread industrial utilization of grape pomace is its limited chemical
stability largely due to its high water content, which is likely to also cause microbial and enzymatic
degradation. As discussed in the extraction processes, the low thermal stability of the bioactive
compounds in the pomace is susceptible to degradation under high heat. Due to these reasons,
dehydration of wet grape pomace becomes an essential procedure prior to any subsequent
application. Many conventional process techniques have been suggested, such as infrared drying,
freeze drying and gamma irradiation [318-320]. Furthermore, non-conventional extraction methods
such as ultrasound, supercritical fluid extraction and pulsed electric fields have also been brought
up, only to be limited by high initial costs and integrations. Therefore, traditional drying procedures
are still the most popular ways of treating wine pomace due to costs. A study has revealed that drying
grape pomace, instead of seeds and skins individually, in a vacuum drier at 70°C gave the quickest
drying time and energy savings. The process also showed high polyphenol stability despite their
volatility to heat when compared to conventional drying methods [321]. Further processing with
surfactants could also increase polyphenol stability. In a demonstration to decrease anthocyanin color
change and degradation rate, both polysorbate 20 and sorbic acid were used as surfactants to process
the phenolic compound with great success [322].

Overall, numerous studies have demonstrated the successful incorporation of grape pomace and
its bioactive compounds into many plant-derived and animal-derived foodstuffs for the purpose of
fortification and supplements. The result of this addition includes increased overall polyphenolic
concentration and as a result oxidative stability, leading to longer and more stable shelf life in most
products. However, phenols exhibit sensory properties that include bitterness, acidity and
astringency and are likely not well accepted by consumers, especially when presented in meat
derivatives. Discoloration of meat products have generally led to lowered consumer acceptance. Of
course, the amount of discoloration generated by grape pomace extract may vary depending on the
grape varietal, and antioxidants with less anthocyanin contents may be more suitable in these
conditions. However, textural differences have also been described in the addition of grape pomace
especially in baked products, showing decreased chewiness or hardness, demonstrating a
commercial challenge if incorporation of grape pomace were to be included on a large-scale
production. Textural issues were also shown in pasta products, as the addition of grape pomace
increased water-binding capacity, water retention rates were higher in products containing grape
pomace. In cheese products, the fortified samples displayed a marbling effect, as well as negative
sensory properties such as increased granularity and saltiness [323].

In addition to sensory issues, polyphenol interaction with other compounds plays a critical part
in the formulation of successful functional food products. The most extensively studied are wine and
grape derived tannins, also found in high amounts in wineries’ by-products, which demonstrate the
ability to bind to residual proteins and polysaccharides. The astringency of such products is
decreased during an increase in polysaccharides, rather than a reduction in tannin content [324].
However, the addition of the sweetener aspartame had no effect on the perceived astringency [325].
Similarly, a study showed that the higher the addition of grape pomace, the lower the protein
digestibility in cookies, signaling a related issue [326]. These examples exhibit the requirement for
extending our knowledge of polyphenol structure and binding, as it would have important
implications in the application for novel food products.

Another issue that bears mentioning is whether the effects of added grape pomace or isolated
phenols and its subsequent health benefits are obtainable by the body. The bioavailability may
depend on bioaccessibility of compounds in the food matrix [327]. As aforementioned, a solution to
this issue that is currently under research is the use of several delivery systems like emulsions may
enhance the bio-delivery and bioavailability of winery by-products bioactives [303-310]. Another
natural bio-delivery system of such bioactives has also been found to be the winery by-products
dietary fibers [108, 200, 219, 311-317] However, it was also observed that an increase in dietary fibre
presence lowered polyphenol bioaccessibility in the small intestine [311]. This is extremely interesting
as the same fibre complex that forms with polyphenols was also able to increasing the holding
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capacity for phenolic compounds [175], while simultaneously decreasing digestibility of the
compounds. This could potentially increase the quantity of polyphenols that could reach the lower
portions of the intestines. However, more research is needed to understand the influence of dietary
fibres and further beneficial activities in the colon.

Another primary concern for using a waste product such as grape pomace is the possibility of
harmful residues such as pesticides or heavy metals. Fortunately, vinification process such as
pressing and separation, and post processes such the drying process drastically reduce pesticide and
fungicide residue ([328-329]. However, usage of grape skin powders gave rise to high amounts of
sodium, as well as lead and cadmium though the latter two were well below the legal limits [330].
The source of grape pomace would have to be constantly monitored for any contaminants, and the
extracts have to be carefully selected as to avoid any harmful residues.

5. Conclusion

Within this article, a holistic review was conducted on wine’s bioactives, their mode of action
and the associated health benefits of this bio-functional beverage when consumed in moderation, as
well as on the valorization of the wineries’ by-products bioactive compounds in several health
promoting applications, as functional ingredients for fortification of foods and the development of
supplements and nutraceuticals.

With respect to the health benefits of moderate wine consumption, as part of a healthy, balanced
diet, apart from observed associations mentioned in a plethora of epidemiological studies, a broad
range of in vitro and in vivo studies, including randomized control clinical trials, have also outlined
the various mechanisms and synergistic actions by which wine’s bioactives (phenolics, UFA and
polar lipids, as well as their metabolites after digestion) mediate their antioxidant, anti-thrombotic
and anti-inflammatory effects against several bio-molecular, biochemical and biological
inflammatory manifestations and cell/tissue/body responses, which further support the bio-
functional health promoting effects of wine consumption in moderation against inflammation-related
chronic disorders. On the other hand, excessive consumption of this alcoholic beverage is not
recommended, as it may lead to several negative implications on health, observed in other alcoholic
drinks too. Focus has also been given to the putative benefits of de-alcoholized wines, but more
targeted research is needed to fully evidence them.

The wine industry is responsible for a considerable part of environmental issues, as they dispose
large amounts of residues that are rich in polyphenols and fibers, such as grape pomace and seeds.
On the other hand, the rich content of such wine industry by-products in several of these compounds,
has made them promising sustainable sources of natural anti-inflammatory bioactives and
antioxidants, as well as a great sources of dietary fibre and plant-based bio-functional oils, which if
appropriately recovered can be valorized as functional ingredients in food products and
supplements/nutraceuticals, or even for improving cosmetics.

The potential of the key bioactive components of wineries’ by-products, dietary fibre,
polyphenols, UFA and polar lipids, as well as several of their extracts, to be employed for the
fortification of existing/novel nutraceutical food products and supplements, with higher overall
polyphenolic content, improved oxidative stability and shelf life, and in some cases with enhanced
health promoting effects, has also been outlined. These compounds can replace synthetic additives,
adding multifunctional concepts by combining health benefits to technological use. The positive
biochemical qualities and appropriate recovery and utilization of these bioactive compounds and
extracts from wineries’ by-products, have been connected to a number of health benefits, including
inflammatory pathway suppression, oxidative stress reduction and lipid lowering effects, protection
against tumors, neurodegenerative disorders and several pathogens, and an overall prevention
against several chronic diseases.

The large number of applications mentioned in this review demonstrates the tremendous
untapped potential for the food sector to re-evaluate and promote further research on the valorization
of wineries” by-products and/or of their bioactives. Not only does this improve environmental issues
and encourage sustainable use of waste products, but it could also potentially lower production costs
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for antioxidants and preservatives and provide new methods to diversify food productions and the
development of supplements. More bioactive compounds in wine residues should be isolated and
identified and their underlying mechanisms of action should be further evaluated, while their
applications should further be explored in more food products and more clinical trials should also be
carried out to further confirm the health benefits of thus produced functional foods.

Notably, the undesirable effects of the extraction and isolation processes on the recovered
bioactives, as well as the drawbacks of negative sensory properties should also be considered.
Traditional methods are still the most used for the extractions of compounds of interest, while
alternative “greener” technologies are emerging to recover bioactive compounds from wineries’ by-
products, while the food industry should also incorporate consumer response and their acceptance
towards such products closely. Thus, further research is required in the optimization and
modification of recovery processes and food formulas, so that they may be used to their maximum
potential, while every attempt to study and improve the usage of bioactive compounds should be
made and assessed with care and with consumers” acceptance, in order to appropriately address the
demand for new and improved sustainable natural products.
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