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Abstract: The skin microbiota, with its millions of bacteria, fungi, and viruses, plays a key role in
balancing the health of the skin and scalp. Its continuous exposure to potentially harmful stressors
can lead to abnormalities such as local dysbiosis, altered barrier function, pathobiont overabundance,
and infections often sustained by multidrug-resistant bacteria. These factors contribute to skin
impairment, deregulation of immune response, and chronic inflammation, with local and systemic
consequences. In this scenario, according to the needs of the bio-circular-green economy model,
novel harmless strategies, both for regulating the diverse epidermal infectious and inflammatory
processes and for preserving or restoring the host skin eubiosis and barrier selectivity, are requested.
Vitis vinifera L. leaves and their derived extracts are rich in plant secondary metabolites, such as
polyphenols, with antioxidant, anti-inflammatory, antimicrobial, and immunomodulatory properties
that can be further exploited through microbe-driven fermentation processes. On this premise, this
literature review aims to provide an informative summary of the most updated evidence on their
interactions with skin commensals and pathogens and on their ability to manage inflammatory
conditions and restore microbial biodiversity. The emerging research showcases the potential novel
beneficial ingredients for addressing various skincare concerns and advancing the cosmeceutics field
as well.

Keywords: anti-inflammatory activity; antimicrobial activity; dysbiosis; fermentation; opportunistic
pathogens; postbiotics; skin and scalp diseases; skin microbiota; Vitis vinifera L. leaf extract

1. Introduction

The skin, the outermost selective barrier of the human beings, exerts its protective role
through physical, chemical, biochemical, and immunological mechanisms [1]. Exposure
to harmful external stressors (such as pollutants, ultraviolet (UV) radiation, and tobacco),
alongside the influence of physiological internal factors (like aging, hormones, and sleep)
and the host genetic background, can be responsible for the disruption and function
impairment of this tissue, as already deeply investigated by many authors (Table 1) [2,3].
According to the extended “epithelial barrier hypothesis” introduced by Cezmi Akdis,
epithelial damage may be associated with the onset and worsening of local microbial
dysbiosis and infectious and inflammatory conditions [4] interconnected by bidirectional
dynamic interactions [5-7]. As a matter of fact, a weakened barrier means opportunistic
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pathogen overcolonization, virulence expression, and infectious events, thus contributing
to microbiota alteration, host immune response dysregulation, and chronic inflammation,
leading to a vicious cycle of aggravating pathological events (Figure 1) [8,9].
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Figure 1. Exposome and Vitis vinifera L. leaf extracts’ influence on skin and scalp health. Schematic

representation of the interplay among the exposome, Vitis vinifera L. leaf extracts, and epithelial
barrier in skin and scalp health. The exposome affects the epithelial integrity contributing to microbial
dysbiosis, inflammation, and infections (red arrows). On the other hand, V. vinifera L. leaf extracts
could contribute to microbial eubiosis and skin and scalp health (green arrows). Created with
BioRender.com.

Gut epithelial disruption and dysbiosis have both local and systemic consequences, not
only gastrointestinal [5,10] but also neurodegenerative, cutaneous, psychiatric, metabolic,
and many others [4,11]. Likewise, epidermal impairment and microbiota alterations are
linked to skin and scalp disorders like acne, atopic dermatitis (AD), psoriasis, vitiligo,
hidradenitis suppurativa (HS), seborrheic dermatitis (SD), and alopecia areata (AA) [12-18]
but also to systemic conditions such as systemic lupus erythematosus (SLE) [19], thanks to
the gut-skin and gut-brain-skin axis relationship [20,21].

To manage these conditions, the preferred topical therapies may include anti-inflammatory
drugs, such as corticosteroids [14,22]. Although they are not free from side effects, the
risk is minimal when properly used [23]. However, ideal topical remedies should not
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interfere with the host skin eubiosis to avoid any possible pathological self-reinforcing
vicious circuit [24,25]. In this scenario, novel effective strategies are needed.

Due to the presence of plant secondary metabolites (PSMs), plants and derived ex-
tracts have been effectively used for the treatment of several human health conditions [26].
Among the PSMs, polyphenols are the most promising ones because of their recognized
antioxidant, anti-inflammatory, antimicrobial, anticancer, and immunomodulatory proper-
ties [27-29].

Vitis vinifera (VV) L. or grapevine is an emblematic example of polyphenols and other
PSM-rich plants [30,31]. Agro-industrial biomasses such as grapevine leaves produced
by the wine industry are an interesting raw material for the pharmaceutic, cosmeceutics,
and nutraceutical markets, since they contain bioactive compounds that can be extracted
and exploited in accordance with the bio-circular-green economy model needs [32-34]. Till
now, only scarce research evidence has been available on both their anti-inflammatory
activity, especially in reconstructed skin models, and on their interaction with the skin
microbiota [35-38].

Table 1. Overview of the main factors involved in skin impairment and disorders.

General Domains Specific Factors References
Solar radiations [39-41]
Environmental factors (e.g., pollutants, allergens,
particulate matter, ozone, industrial toxic gases, [8,40,42—-45]
External stressors nano/microplastics, pesticides, tobacco . . .)
Climate change [8,41-45]
Nutrition [3,40,46,47]

Hormones (e.g., sex hormones, thyroid

hormones, glucocorticoids, .. .) [40,48,49]
Psychological stress [50-53]
Internal factors Sleep [40,54]
Aging [55,56]
Host microbiota/microbiome and microbial [57,58]
exposome
Polymorphisms and other mutations [59-61]
Host genetic background Epigenetics [60-62]
(eukaryotic cells) Ethnicity [41,63]
Biological sex [64-66]

On theses bases, the aim of this review article is to provide an informative updated
summary on the potential of VV, specifically of its leaf component, starting from its deriva-
tives and active ingredients, including resveratrol and pterostilbene, in the prevention
and management of inflammatory conditions affecting skin and scalp, and regarding its
interactions with the skin microbiota as well as its activity against opportunistic infections.
Future perspectives and limitations of this approach are reported as well.

2. Materials and Methods

In this literature review, the MEDLINE NIH National Library of Medicine (NLM)’s
electronic free medical bibliographic PubMed and Scopus publicly available databases
were consulted by looking for the keywords and terms “Vitis vinifera L. leaf extract”;

., 7, o ., ., 7, a

“microbiota”; “microbiome”; “skin microbiota”; “skin microbiome”; “skin virota”; “skin

",ou . 1,

bacteriota”; “skin mycobiota”; “gut-skin axis”; “bacteria”; “virus”; “epitheliotropic virus”;
“mycetes”; “fungi”; “dermatophytes”; “Staphylococcus spp.”; “Human Papillomavirus”;

", 4 ”, i ”, u

“Human Herpes virus”; “Candida spp”; “Malassezia spp.”; “inflammation”; “inflammatory
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skin diseases”; “inflammatory scalp diseases”; “seborrheic dermatitis”; “ psoriasis”; “atopic
dermatitis”; “hidradenitis suppurativa”; “acne”; “immune system”; “cytokines”; “cosme-
ceutics”; and “dermocosmetics”, both in single and/or in combination, and the Medical
Subject Heading (MeSH) controlled vocabulary, in paper titles and abstracts to retrieve the
highest quality indexed and most cited original peer reviewed scientific research studies
and reviews.

The bibliographic literature search was focused on original scientific international
studies written in the English language and recently published, with the older ones not

exceeding the last 25 years (final consultation in mid July 2024).

3. Vitis vinifera L. Leaves

VV plays a prominent role in global agriculture as one of the most significant perennial
crops. It has been acknowledged worldwide for its versatility, providing not only grapes
for wine and alcoholic beverages but also a variety of other products, including raisins,
juices, fermented foods, cosmeceutics, and nutraceuticals, among others [31,67].

Nowadays, it is imperative to harness all by-products of the VV production chain to
achieve a sustainable approach from ethical, economic, and environmental perspectives.
The reuse of these biomasses also contributes to waste reduction and promotes more
ethical and environmentally friendly practices [68,69]. Among these winery discarded
materials, grapevine leaves, similarly to other by-products such as pomace, are rich in PSMs,
namely polyphenols, as well as lipids and organic acids [70]. Due to the health-promoting
properties of said compounds, e.g., in terms of antioxidant and anti-inflammatory potential,
their exploitation could guarantee many advantages, such as the production of novel active
ingredients through biotechnological processes, while contributing to the green circular
economy model [71,72]. Even though PSMs can potentially be found in every plant organ,
some plant by-products are more likely to be investigated than others. Indeed, grape leaves
have been studied less with respect to other raw materials, mainly in terms of extraction
and utilization of PSMs [70,73].

3.1. Phytochemical Profile and Bioactive Compounds

As previously introduced, Vitis vinifera L. leaf extracts (VVLEs) are rich sources of
diverse bioactive compounds, mainly PSMs. These phytochemicals have health-promoting
properties and are integral to the plant adaptive strategies, serving as defenses against
infections and key contributors to the grapevine’s ability to thrive in its environment [74-76].
The extracts are particularly abundant in polyphenols, encompassing a wide spectrum of
compounds such as anthocyanins, catechins (including catechin, epicatechin, gallocatechin,
and epicatechin3-O-gallate), ellagitannins (like brevilagin-1, vitilagin, and isovitilagin), and
flavones (traces of quercitrin, quercetin, kaempferol, rutin, isoquercitrin, and luteolin). The
presence of various organic acids, such as tartaric, malic, oxalic, fumaric, succinic, citric, and
glyceric, contributes to the overall chemical complexity. Phenol acids, such as the o- and
p-hydroxybenzoic, protocatechuic, gallic, vanillic, syringic, and ellagic, further enhance
the bioactive profile. Esters, featuring cinnamic and tartaric acids, add another layer of
chemical diversity. The extracts also contain essential vitamins, including C, PP, B group,
and folic acid. Carotenoids, volatile constituents, proteins, and mineral salts (ranging from
5% to 7%) overall offer a versatile array of bioactive compounds with potential applications
in various health-related contexts [77,78].

To sum up, the main classes of VVLE compounds include phenolic acids, flavonols,
flavonoids, stilbenes, lignans, tannins, and anthocyanins (Tables 2 and 3). However, in terms
of qualitative and quantitative characterization, their phytochemical profile is strongly
influenced by several factors. Environmental stimuli are involved, such as soil properties,
weather conditions, and the season during which leaves are harvested. Grape cultivars and
varieties, stage of maturation, and plant health status are responsible for the production
of different PSMs, too [37,79-83]. Interestingly, although the phenolic compounds’ charac-
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terization in grapevine berries has been extensively studied, only limited information is
available regarding the polyphenols profile in the leaves and their biological activities.

Table 2. Phytochemical profile of Vitis vinifera L. leaves.

Phytochemical Class Group Main Compounds References

delphinidin-3-O-glucoside, cyanidin-3-O-glucoside,
petunidin-3-O-glucoside, peonidin-3-O-glucoside,
malvidin-3-O-glucoside, petunidin-3-(6-O-acetyl)glucoside,
peonidin-3-(6-O-acetyl)glucoside, [37,75,80
Anthocyanins malvidin-3-(6-O-acetyl)glucoside, 83,—8,6] !
cyanidin-3-(6-O-coumaroyl)glucoside,
petunidin-3-(6-O-coumaroyl)glucoside,
peonidin-3-(6-O-coumaroyl)glucoside,
malvidin-3-(6-O-coumaroyl)glucoside

gallocatechin, catechin, procyanidin A1, procyanidin B1,
Flavan-3-ols procyanidin B2, procyanidin B3, procyanidin B4, [37,75,80,83,
epicatechin, epigallocatechin, epigallocatechin gallate, 85,87-91]
gallocatechin gallate, epicatechin gallate, catechin gallate

quercetin, quercetin-3-O-glucoside, kaempferol, myricetin,
myricetin-3-O-galactoside, myricetin-3-O-glucuronide,
Flavonoids myricetin-3-O-glucoside, quercetin-3-O-rutinoside,
quercetin-3-O-galactoside, quercetin-3-O-glucuronide,
myricetin-3-O-rhamnoside, quercetin-3-O-rhamnoside,
kaempferol-3-O-galactoside, kaempferol-3-O-rutinoside,
kaempferol-3-O-glucuronide,
quercetin-3-(6-O-acetyl)glucoside,
quercetin-3-(3-O-arabinosyl)glucoside,
quercetin-3-(7-O-glucosyl)glucuronide,
Flavonols kaempferol-3-O-glucoside, kaempferol-3-O-xyloside, [37,75,80,83,
kaempferol-3-O-rhamnoside, isorhamnetin-3-O-galactoside, 85,87-91]
isorhamnetin-3-O-glucoside,
quercetin-3-(6-O-rhamnosyl)galactoside,
isorhamnetin-3-O-arabinose, isorhamnetin-3-O-glucuronide,
isorhamnetin-3-O-rutinoside,
isorhamnetin-3-(4-O-rhamnosyl)rutinoside,
kaempferol-3-(6-O-coumaroyl)glucoside,
kaempferol-3(7-O-glucosyl)galactoside,
diquercetin-3-(3-O-glucosyl)glucuronide,
quercetin-3-O-galactoside, quercetin-3-O-glucuronide,
quercetin-3-O-glycoside

Hydroxybenzoic acids parahydroxybenzoic acid, protocatechuic acid, vanillic acid, [37,75,80,83,

allic acid, syringic acid 91-93
Phenolic acids & yrng |
. . . caffeic acid, caftaric acid, caffeic acid, trans-caftaric acid, [37,75,80,83,
Hydroxycinnamic acids . .
trans-coutaric acid 91-93]
Stilbenes and their Stl.lbenes derlva.twes, resveratrol, trans-piceid, trans-resveratrol, cis-resveratrol,
o simples, glicosiled G . [94-98]
derivatives . . . trans-e-viniferin, pterosilbene
stilbenes, dimeric stilbenes
Coumarins uranocumarlr}s or sumple aesculin, fraxin, aesculutin, umbelliferone [83,93]
cumarins
Monocyclic lignans
Bicyclic lignans
Lignans Neohgn%ms isolariciresinol, lariciresinol, secoisolariciresinol [99,100]
Furofuran lignans

cedrusin and its
glucosides




Antibiotics 2024, 13, 697

6 of 25

Table 3. Chemical structure and mechanism of action of Vitis vinifera L. leaves’ phytochemical

compounds.
Phytochemical Group Structure Mechanism of Action Reference
Ry
Ro
o [
Rs o R,
# g )
& + In vitro inhibitory activity towards
Anthocyanins ° growth and biofilm formation of S. aureus [101]
through quorum sensing disruption
R, = OH, OMe shd & P
R, = H, OH
R; = H, OH, OMe
R4 = 0-Glu, O-(6-OAc)-Glu, O-(6-Coumaroyl)-Glu
R = H, OH
Rg = OH, OMe
Antioxidant activity by free radical
scavenging, transition metals chelation,
Flavan-3-ols as well as enzyme mediation and [102]
inhibition
Ri=d. oK Antimicrobial and antiviral effects
R, = H, OH
R, = OH, O-Gallate
Protection from oxidative stress
Radical species quenchers both via
hydrogen atom (HAT) and electron
transfer (ET)
Flavonols R — H. OH. OMe Phenolic OH groups may undergo [103]
Ry=OH deprotonation, thus reacting with free
Ry =H, OH : .
R’ — OH, 0-Glu, O-Gal, O-Glucuronide, O-Rha, O- radlcal§ at a faster rate according to a
Rutinoside, (6-O-Ac)-Glu, (6-O-Arabinosyl)-Glu, (7 sequential proton loss electron transfer
-O-Glu)-glucuronide, O-Xyl, (6-O-rhamnosyl)-Gal, ;
O-Arabinose, (4-O-rhamnosyl)-rutinoside, (6-O- (SPLET) mechanism
coumaroyl)-glucoside, (7-O-Glu)-Gal, (3-O-
glucosyl)-glucuronide
Hydroxybenzoic acids
R, COOH
R; = H, OH, OMe
j©/ R, =H ,OH, OMe
HO
R,
Hydroxycinnamic acids Lo . .
2. _coon Antimicrobial property against
. . multidrug resistant pathogens through
Phenolic acids Ho ACO00H - HO N0 [COOH g resistant p & & [104]
o o hyper acidification on the plasma
Caffeic Acid Caftaric Acid membrane
HO,
HO, .. _COOH
o ICOOH - (o] ‘l[
HODA\/U\O COOH 0" >COOH
HO HO
Caftaric Acid

trans-caftaric acid trans-coutaric acid
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Table 3. Cont.

Phytochemical Group Structure Mechanism of Action Reference
OH Ry = OH, OMe, O-Glu
R, o O R, = OH, OMe
Broad pharmacological and
biological activities: anticancer,
antimicrobial, anti-aging, antioxidant and
Stilbenes anti-inflammatory [105]
Anti-inflammatory activity through
pro-inflammatory cytokines” inhibition
such as TNF-« and IL-1
Photoprotective effect.
HO (0] @) UV absorbers, with photo-oxidative,
Ry =H, OGlu antioxidant, and photosensitizing
Coumarins R = R, =H, OH properties [106,107]
1 The conjugation reaction of coumarins
Ro with UV light induces bacteria death and
virus inactivation
o Anti-inflammatory and antioxidant
. B properties
Lignans o0 ove meo, Inhibition of ROS-induced activation of [108]
ol ™ &3 J,:f'\“,/on HO the NF-kB pathway.

Lariciresinol Secoisolariciresinol

3.2. Topical and Systemic Applications in Cosmeceutics

According to the World Health Organization (WHO), herbal medicines encompass
herbs, herbal materials, preparations, and finished herbal products containing parts of
plants or other plant materials, or combinations thereof. Their use is well established and
widely recognized as safe and effective for the treatment of various health conditions [109].
The ancient tradition of herbal medicine has given rise to phytomedicines, appreciated for
their low cost and reduced toxicity compared to other synthetic products [110,111].

In this context, VV leaves (VVLs) have been employed due to their diverse biological
activities (e.g., anti-inflammatory, immunomodulatory, anticancer, and anti-infectious) and
are widely recognized as natural antioxidants and chemopreventive agents [112]. The
polyphenol content and the related biological activities make VVLEs interesting for many
applications not only in the pharmaceutical market but also in the cosmetics one [113-115].
VVLEs in cosmetics products mainly serve as anticaries, antidandruff, antioxidant, and
antipathogen agents [77,116]. In more detail, VVLEs help combat free radicals [117] while
contributing to the maintenance of the natural microbiota of the skin and scalp [118].
Additionally, they protect against the harmful effects of UV radiation, positioning them
as potential ingredients in sunscreen filters [119]. Although many products are currently
available in the cosmetics and personal care markets, the underlying mechanisms of action
and health-promoting properties of these raw materials and derived ingredients are still
under investigation.

4. Skin Microbiota and Inflammatory Skin and Scalp Disorders
4.1. Skin Microbiota and Healthy Skin

The skin is globally recognized as a selective barrier. This function is guaranteed
by the dynamic crosstalk between its microbiota and the below epidermal, dermal, and
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hypodermal strata, mainly through the secretion of mediators like antimicrobial peptides
(AMPs), cytokines, and chemokines [57,120]. Being an interface, the skin coordinates the
responses to external and internal both xenobiotic (e.g., toxic substances, UV rays, and
opportunistic pathogens) and familiar stimuli (Figure 1) to maintain or restore skin micro-
bial and immune balance, as well as to reduce the onset and progression of inflammatory
local and systemic conditions. In this way; it is possible to avoid or solve skin disorders
and ensure tissue homeostasis, appearance, and hydration [40]. To do this, the mecha-
nisms underlying these processes should be investigated. A key role is played by the
local microflora, recognized as one of the five functional levels of the skin as reviewed by
Lefevre-Utile et al. [121]. Since the launch of the Human Microbiome Project (HMP) in 2007,
the microbial communities that colonize the skin are under investigation and the research
on this topic has exponentially grown over the years [122]. Commensal and pathogenic mi-
croorganisms have been identified, while their relationships with the host and the changes
during life are less known [123,124]. Human skin commensals (i.e., bacteria, fungi, and
viruses) are in mutualistic relationships with their host, since they are involved in the
development and regulation of the immune system, while hindering endogenous and
exogenous infections [125,126]. However, in dysbiotic conditions, this fine orchestra no
longer works [127,128].

4.2. Skin Microbiota and Cutaneous Diseases

The first evidence suggesting the role of microbiota in skin diseases dates to more
than 20 years ago, with the so-called “hygiene hypothesis” stating that a low exposure to
pathogens during childhood correlates with a high incidence of allergic disorders [129].
Subsequently, some attempts in preventing or lowering the incidence of atopic dermati-
tis (AD) and food allergies have been developed with oral probiotics” administration in
pregnant women and newborns, with no univocal results [130]. Through the years, this
hypothesis has been further extended with the introduction of the “old friends hypothesis”
by Graham Rook and the “biodiversity hypothesis” by Tari Haahtela. Nowadays, mecha-
nisms described by these three theories are included in the more comprehensive “epithelial
barrier hypothesis” by Cezmi Akdis, which could help understand the etiopathogenesis of
several dermatological diseases, like AD and many others [4,131,132].

AD, a chronic and relapsing skin disorder characterized by intense itching and eczema-
tous lesions, is a part of the so called “atopic march”, that involves different organs and
develops sequentially with age [133]. Although its pathogenesis is multifactorial, skin
dysbiosis is crucial, with a relative abundance of Staphylococcus aureus and local inflam-
mation. Furthermore, the raised presence of the yeast Malassezia spp. contributes to its
severity [134].

These species are also a causative agent of folliculitis in sebaceous gland-rich sites
and are involved in seborrheic dermatitis (SD), a common and relapsing disease located
in sebaceous body areas (i.e., scalp, central area of the face, chest, and upper part of the
back), manifesting as yellowish and greasy scales on erythematous skin. Despite that its
pathogenesis is not fully elucidated, cutaneous dysbiosis seem to be involved. Specifically,
Malassezia spp. hydrolyze the sebum triglycerides into lipid peroxides and free fatty acids,
thus favoring inflammation and the yeast growth itself. Moreover, S. aureus has also been
found over-represented in SD subjects, thus underlying the role of microbiota changes in
both such dermatitises [135,136].

A further chronic inflammatory dermatosis is acne, in which Cutibacterium acnes
(previously known as Propionibacterium acnes) plays a key pathogenic role, since it promotes
keratinocyte differentiation, autophagy, and response to different stimuli, thus leading
to a cytokine-mediated pro-inflammatory pattern and further immune cell recruitment.
Furthermore, specific C. acnes strains can induce biofilm formation and promote bacterial
adhesion, thus reducing any antibiotic effect [137]. C. acnes is affected by the presence of
the commensal Staphylococcus epidermidis, that, reducing inflammation, is thus linked to
less severe forms of acne [138].
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Several anaerobic microorganisms, such as Corynebacterium, Prevotella, Porphyromonas,
and Peptoniphilus spp., are commonly detected in hidradenitis suppurativa (HS), a chronic
and relapsing disease of the apocrine glands manifesting with abscesses leading to scarring
and fistulae mainly in the axilla, groin, and gluteal regions. Such bacteria produce damage-
associated molecular patterns (DAMPs), allowing the inflammatory process amplification
through cytokines and pattern recognition receptors (PRRs). On the contrary, a reduced
count of S. epidermidis, Staphylococcus hominis, and C. acnes has been reported, while their
replenishing helps the recovery [139,140].

Psoriasis is a chronic and relapsing inflammatory skin disease characterized by oc-
current scaling and erythematous plaques [141]. Its pathogenesis is multifactorial and
is linked firstly to dendritic cell activation, followed by the production of cytokines and
promotion of Thl and Th17 patterns, followed by keratinocyte proliferation and dermal
inflammation. The bacterial strains on plaques are mainly Corynebacterium, Propionibac-
terium, Staphylococcus, and Streptococcus spp.; accordingly, a causal interaction between
streptococci and eruptive guttate psoriasis had been suggested. On the other side, even
a possible role of Malassezia spp. has been hypothesized, especially in relapses; thus, the
yeast might upregulate the expression of specific cytokines. Furthermore, the sebo-psoriasis
variant could represent a further element supporting the role of Malassezia spp. in this
context [142].

Concluding, the mentioned diseases have distinct patterns, which involve some spe-
cific microorganisms that are summarized in Table 4.

Table 4. Skin and scalp disorders with microbial involvement.

Skin and Scalp Disorders Main Microorganisms Involved References

1 S. aureus

1 Malassezia spp. [133,134]

Atopic Dermatitis

T Malassezia spp.
1 S. Aureus

Acne 1 C. acnes [137,138]

Seborrheic Dermatitis [135,136]

1 Corynebacterium spp.
1 Prevotella spp.
T Porphyromonas spp.
1 S. aureus
1 S. epidermidis
1 C. acnes

Hidradenitis Suppurativa [139,140]

Corynebacterium spp.
Propionibacterium spp.
Psoriasis Staphylococcus spp. [142]
Streptococcus spp.
1 Malassezia spp.

1 more abundant microrganisms, |. less abundant microrganisms.

5. Inflammatory Skin and Scalp Disorders and Vitis vinifera L. Leaf Extracts

The potential use of VV for skin and scalp diseases’ management, not only directly
linked to microbial alterations, represents a current field of investigation in dermatology,
despite that most of the studies are related to the grape seed extracts (GSEs). Recently, So-
leymani et al. have reviewed the therapeutic effects of GSEs, and, mainly, of the nanoformu-
lated resveratrol in some inflammatory skin disorders (i.e., acne, facial redness, chloasma,
and chronic venous insufficiency), as well as in wound healing and skin aging [143]. In-
deed, resveratrol possesses several health-promoting effects besides its anti-inflammatory
potential, but its content in berries and leaves depends on the genetic background of the
cultivars and on the plant organs as well [144,145].

To date, data on VVLEs are still scarce. Sangiovanni et al. recently reported their
in vitro anti-inflammatory effect in cell cultures mimicking skin disorders. The authors
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found that in HaCaT cells, all the bioactive substances of water extract from VVL (VVWE),
and not its singular main components, significantly reduced the IL-8 release induced by
the NF-kB pathway following tumor necrosis factor-alpha (TNF-c), lipopolysaccharide
(LPS), or ultraviolet B (UVB) stimulus, thus stating a synergism, while a lack of effect was
detected in response to hydrogen peroxide (H,O5) [35].

As information regarding VVLEs is still poor, some authors investigated the effects of
specific phytochemicals found in the grape leaves, as well as in other VV organs. Among
them, in a recent review, Marko and Pawliczak properly evaluated the impact of resveratrol
in psoriasis and AD. They reported the positive effects of local resveratrol in such skin
diseases, but they also suggested that the in vitro results should be cautiously considered,
given the difficulties in reproducing psoriasis and AD in animal models faithfully. Moreover,
they did not consider any interaction between microbiota and resveratrol [146]. In addition,
a clinical case on the effectiveness of oral isoquercetin (a flavonoid also contained in VV) in
a man complaining of prurigo nodularis complicating AD has been reported by Pennesi
etal. [147].

When considering the oral administration of grape derivatives, some authors reported
their beneficial effects in different skin diseases, including AD in a mouse model and
acne. In this latter disease, a randomized clinical trial involving patients treated with oral
isotretinoin for severe acne showed that in subjects receiving both isotretinoin and a dietary
supplement containing vitamins and V'V, the acne clinical scores improved, and a greater
adherence to the therapy with lower side effects was achieved [148,149]. Unfortunately, the
precise composition of the administered supplementation was not specified.

Moreover, the beneficial effect of pterostilbene, found not only in VVLs but also in
other plant sources such as blueberries, has been investigated in AD models. Interestingly,
in an AD-induced mouse model, its topical application decreased skin thickness, evaluation
scoring, and IgE levels [150].

When considering microbiota and acne, VVLE var. aglianico has been demonstrated
as the most active plant derivative to inhibit the growth of C. acnes, but no effect was
documented in countering the biofilm production [151]. Moreover, in HaCaT and THP-1
cells stimulated by C. acnes, quercetin suppressed pro-inflammatory cytokine production
(i.e., IL-1B, IL-6, IL-8, and TNF-«) via TLR2 and MAPK pathways and decreased the MMP-9
expression. In addition, the anti-inflammatory effect of quercetin was tested in a mouse
model intradermally injected with C. acnes, where it significantly reduced the cutaneous
erythema and swelling [152].

Furthermore, VV derivatives demonstrated positive effects in numerous randomized
clinical trials involving HS-affected patients, but the activity of the investigated product,
represented by GSE administered orally, was only evaluated for the HS-associated metabolic
syndrome improvement [153].

Only few reports exist on the use of VV derivatives in scalp disorders, namely in SD
and hair loss. It has been reported that grape seed compounds of VV can counteract the
Malassezia spp. activity in SD [154,155]. Accordingly, in hair loss, the potential use of GSE
has been investigated both in vitro and in vivo. More in detail, proanthocyanidins and
procyanidins from GSE were tested for local use both in hair cultures and in C3H mice,
thus showing an increased hair proliferation both in cultures and after topical application
in mice, probably due to the telogen-anagen phase conversion in the hair cell cycle [156].
The above-mentioned substances and their possible effects in dermatological disorders are
summarized in Table 5.

From a molecular point of view, only few studies analyzed the effect of VVLEs in
cutaneous inflammatory pathways, mainly focusing on their potential protective role
towards UV damage [38]. Firstly, VVLE pre-treated HaCaT cells were separately irradiated
with UVA and UVB. UVA increased DNA damage and cell cycle S phase block, thus
leading to apoptosis even in the presence of VVLEs. UVB irradiation decreased cell
viability and increased apoptosis not counteracted by VVLEs; this effect is probably due to
the possible extract difficulties in acting as an antioxidant and the reduced pre-treatment
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time. However, these extracts demonstrated a protective activity against UV-induced
damage [36]. Moreover, when evaluating keratin expression in UVB-induced skin damage
(both in HaCaT and 3D normal skin organotypic cultures), keratin 17 (K17) expression
induced by the pSTAT3 pathway significantly decreased in the presence of VVLEs. Since
K17 can be considered as a reliable marker of UVB damage in skin, the authors concluded
that VVLEs in vitro can protect from UVB-mediated epidermal injury [157]. Secondly,
when pre-treated with VVLEs, UVA-irradiated normal human dermal fibroblasts showed
an increased cell viability through the activation of SIRT1 and HSP47, two genes involved
in the anti-aging processes, suggesting a further potential effect of the extracts in such
condition [158]. Moreover, collagen XVII, a hemidesmosome transmembrane protein whose
role has been recently studied both in skin and hair aging, as well as in wound repair and
blistering skin diseases, increased in human skin models treated with pterostilbene and its
glucoside [159,160]. Given the abundance of such chemicals in VVLEs, a further potential
application in dermatology could be speculated.

Table 5. Skin and scalp disorders and Vitis vinifera L.

Use Evidence of VV or Its

Skin and Scalp Disorders Bioactive Compounds References

Assessment of resveratrol activity on in vitro cell models [146]
Administration of resveratrol in animal models

Atopic Dermatitis Oral administration of isoquercitin in a patient with prurigo nodularis [147]

complicating AD
Topical application of pterostilbene on AD-induced mouse models [150]
Seborrheic Dermatitis Assessment of GSE activity on Malassezia spp. [154,155]
Oral supplementation of vitamins and VV in patients receiving isotretinoid [148]
Acne Assessment of quercitin on in vitro cell models [152]
Topical administration of quercitin in a mouse model

Hidradenitis Suppurativa Oral admmls.tratlon of GSE for. HS—assoa;ated m}et.abol@ syndrome in [153]
animal models and in randomized clinical trials

Psoriasis Assessment of resveratrol activity on in vitro cell models [146]
Administration of resveratrol in animal models

Hair loss Topical administration of proanthocyanidins and procyanidins from GSE [156]

in hair cell cultures and C3H mice

Lastly, no data are currently available regarding the potential sensitization and irritant
effect of VVLEs in skin, scalp, and mucosal surfaces (i.e., eyes and genitalia). More in
general, a recent review reported that both VV fruit, juice, and seed extracts are non-irritant
or only minimally irritant for the skin. Accordingly, fruit, seed, and grape skin extracts
were classified as non-irritant or mildly irritant for the ocular surfaces [34].

6. Vitis vinifera L. Leaf Extracts, Microbiota, and Skin Opportunistic Pathogens

Among their properties, many authors highlight how polyphenols may inhibit or
enhance microbial growth and survival, depending on the phytochemical structure and on
the bacterial species [161]. Overall, they can exert a double beneficial effect, since they may
counteract pathogen invasion and virulence, while supporting beneficial strains [162,163].

When used for human health, a key aspect to be stressed is that polyphenols establish
a bidirectional interaction with the host microbiota, especially the gut one [37,164]. Due to
their poor absorbability in the digestive system, once they arrive in the large intestine, they
can act as prebiotics, thus modulating the human microbiota composition [162,165]. At
the same time, polyphenols can be substrates of bacterial enzymes and undergo a process
of biotransformation, being released in the bloodstream and thus conferring local and
systemic beneficial effects also through the gut-brain and gut-skin axes [161,166-168].
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In this context, several works focus on VV L. polyphenolic compounds and their
activity. Different plant organs (i.e., fruits, leaves, seeds, skin, canes, stems, and roots)
have distinct phytochemical profiles, as summarized by Sharafan et al. [34]. Consequently,
extracts from different plant parts also have different antimicrobial effects: for instance,
seed extracts have shown a greater antimicrobial potential compared to leaf ones [169]. In
particular, a correlation between the total phenol content and the resulting antimicrobial
activity has been highlighted, but several other factors (such as cultivar, environmental
stimuli, and genotype) are also involved in determining the final effects [170-172].

Therefore, plant polyphenols may be used in support to or as alternatives to the
currently available antimicrobial drugs that nowadays have limited efficacy due to the
global spread of antimicrobial resistance and to their ability to reduce the microbiota diver-
sity [173,174]. Regarding the interaction between VVLEs and skin microorganisms, even if
the antibacterial, antiviral, and antifungal properties of these extracts and polyphenols have
been demonstrated in vitro on selected pathogenic microorganisms, the literature about
the effects on the skin microbiota is very poor, so this topic needs to be further investigated.
Lastly, the anti-inflammatory and prebiotic potential could synergistically enhance the
beneficial effects of these compounds in the management of dysbiotic conditions (Figure 2).
As a matter of fact, PSMs are known for their potential in restoring and improving gut
dysbiosis by increasing the abundance of beneficial commensal that could counteract the
inflammatory microenvironment [175,176]. This evidence, alongside the knowledge of
their benefits on skin and hair health, could support the need for further investigation
regarding their interaction with the skin microbiota [177].
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activity. Created with BioRender.com.
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6.1. Vitis vinifera L. Leaf Extracts and Bacteria

The antibacterial potential of VVLEs has been tested on different microorganisms,
usually opportunistic pathogenic ones, some of which are also involved in skin infections.
Gram-positive bacteria like Staphylococcus spp. seem to be more susceptible to the an-
tibacterial activity of VVLEs if compared to Gram-negative bacteria, such as Pseudomonas
aeruginosa [80,178,179]. The different sensitivity to phenolic-rich extracts has often been
reported, regardless of the grape raw material [172,180,181]; nevertheless, other studies
showed that there is not any statistically significant difference in response between Gram-
positive and -negative bacteria [79,182,183]. Discording data may be attributable both to
the extracts and the bacteria. On the one hand, as previously stressed, each extract has
a distinct phytochemical profile which can result in different outcomes, and the solvents
they are dissolved in may interfere with the biological response; on the other one, bacteria
show species-specific and also strain-specific sensitivity to treatments [181,184,185]. The
different susceptibility between Gram-positive and Gram-negative bacteria could also be
linked to the bacterial surface and structure. Gram-negative double-layered cell envelope
and periplasmic enzymes, e.g., some isoforms of metallo--lactamases (MBLs), protect
the bacteria against many antimicrobial drugs by hindering their diffusion and degrading
them, respectively [186,187].

Interesting results have been presented by Andelkovi¢ et al. in 2015. Their study
highlighted how extracts from grapevine leaves of two different varieties, Merlot and
Vranac, had a significant antimicrobial activity towards Gram-positive bacteria more than
Gram-negative ones. Notably, different activity depended not only on the grapevine
variety, but also on the health status of the raw material itself. Extracts from Plasmapora
viticola-infected leaves showed an increased antimicrobial effect when compared to those
extracted from healthy leaves, probably due to the different PSM production of healthy
and unhealthy plants [30].

In addition to the general antibacterial effects on planktonic forms, antibiofilm poten-
tial of VVLEs on skin pathogens is being investigated as well. Since currently available
antimicrobial therapies are not always effective against biofilm formes, it is imperative to
find new strategies for their prevention, treatment, and containment [188,189]. Grapevine
leaves may have antibiofilm potential due to the presence of resveratrol and pterostilbene,
of which antimicrobial and antibiofilm activity have been demonstrated on selected bac-
teria [190]. Stilbenoids, the phenolic group resveratrol and pterostilbene belong to, are
classified as phytoalexins and as such are usually synthetized by the plant in response
to infections or other damages [191]. These compounds seem to be more active against
Gram-positive bacteria, but systematic studies are still needed to better understand their
effects [192]. Lately, pterostilbene has gained more and more interest thanks to its pharma-
cological properties that make it a better candidate for therapeutic and clinical uses than
resveratrol for the management not only of infectious disorders but also of dermatological
issues [193,194].

Coenye et al. have identified the potential of resveratrol in counteracting the growth
and biofilm formation of C. acnes, involved not only in the etiopathogenesis of acne vulgaris
but also in implant-associated infections [195,196]. On the other hand, as previously
reported in this review, Nelson et al. tested VV L. var. aglianico leaf extracts on C. acnes
and highlighted their ability to inhibit bacterial growth without exerting any cytotoxicity
on HaCaT cells, but they were not as effective in the eradication of mature biofilm forms.
However, resveratrol was not detected in the selected extracts, despite the evidence in the
literature [151].

Other studies were conducted on S. epidermidis, S. aureus, and P. aeruginosa, three
of the main skin pathobionts involved in wound-associated biofilms, chronic wounds,
and unpaired healing among other morbidities [197,198]. Even if antimicrobial effects are
microorganism-dependent, both resveratrol and pterostilbene appeared to be more effective
against Gram-positive bacteria, having shown low or no efficacy on P. aeruginosa [189,199].
Pterostilbene showed a greater potency than resveratrol not only in the treatment and
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prevention of biofilm but also in the inhibition of planktonic forms of Gram-positive cocci,
namely, S. epidermidis, S. aureus, vancomycin-intermediate S. aureus (VISA), methicillin-
resistant S. aureus (MRSA), and also Enterococcus faecalis [199,200]. Although none of these
studies involved grapevine leaves or other winery by-products as sources for resveratrol
and pterostilbene, it could be worthy to further delve into VVLEs and their phytochemical
profile in order to understand the possible synergistic interactions among these and other
secondary metabolites and the effects on the skin microbial communities.

6.2. Vitis vinifera L. Leaf Extracts and Viruses

Among VV-associated therapeutic properties exerted on microorganisms, both com-
mensal and pathogenic ones, the antiviral effects have been investigated as well.

As reported in Viruses, Zannella et al., after examining the VVL content via an HPLC-
MS/MS analysis, demonstrated the ability of the 40 identified phenolic compounds to
inhibit the replication of the human opportunistic cutaneous Herpes simplex virus type 1
(HSV-1) pathogen (and also that of the severe acute respiratory syndrome coronavirus 2,
SARS-CoV-2) in vitro in the very early infection phases of an eukaryotic Vero cell line model.
Through plaque reduction assays and different experimental conditions (i.e., co-treatment,
virus pre- and post-treatment, and cell pre-treatment), the authors showed that the leaf
extracts were able to inhibit the virus-host cell binding and all the succeeding infection
stages, as shown by the lack of gene expression involved in the viral infection cycle [201].
In another research study, aimed to assess the antimicrobial and antioxidant properties
of VV aqueous leaf extract fractions, the authors confirmed that the phenolic compounds
(i-e., terpenoids, flavonoids, and other related molecules) contained in the chloroform
(CHCl3) fraction have potential antiviral effects towards the HSV-1 DNA virus (and the
RNA Parainfluenza virus, PIV). Experiments were conducted once again in the Vero cell
line model, in which viral strain titers were assessed with the Frey and Liess protocol as
50% tissue culture infectious dose (TCID50) using acyclovir and oseltamivir as per internal
controls. These data are really promising, thus also supporting the extract being employed
in folk medicine [178].

In the study of Berardi et al. on murine Polyomavirus (Py), chosen as the model
system, resveratrol showed dose- and time-dependent in vitro antiviral activity expressed
after the virus’s entry into the target cells. The authors suggested that this effect could be
linked to its ability to inhibit the murine Py DNA synthesis in mouse normal fibroblast
3T6 cells, probably due to the damage caused to the plasma membrane. As a result, the
virus translocation from the endoplasmic reticulum to the nucleus, and hence the viral
DNA production, were both hindered. This phenomenon was observed also in the human
tumor HL60 cell line. Therefore, the resveratrol presence seems to be needed till the end
of the productive cycle to completely inhibit the viral DNA synthesis, translation, and
eventually the progeny production [202].

Despite not being specifically demonstrated for grape leaves, resveratrol also ab-
rogated the DNA replication of the human Cytomegalovirus (hCMYV), responsible for
reactivating skin infections in immunocompromised elderly and/or transplanted people,
as demonstrated by its ability of inactivating in vitro the epidermal growth factor in human
embryonal fibroblasts [203].

Regarding SARS-CoV-2, even though it does not directly infect the skin, it may lead
to mucocutaneous visible signs in infected patients, mainly in the form of hyperpigmen-
tation, a common inflammatory dermatological disorder characterized by extra melanin
production after injury, irritation, or antibiotic use. Since melanin production is regulated
by tyrosinase and many bioactive compounds of VV act as tyrosinase inhibitors (e.g., resver-
atrol, gallic acid, chlorogenic acid, epicatechin, and rutin), these PSMs could be exploited
for their antimelanogenic potential [204,205].

Notably, the skin virota also includes beta and gamma Human Papillomavirus (HPV),
which may promote non-melanoma skin carcinogenesis in transplant and /or immunosup-
pressed patients [206]. The inhibitory potential of resveratrol against mucosal high-risk
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(HR) HPV16 and HPV18 E6 and E7 oncoproteins, involved in cervical carcinogenesis, was
demonstrated in vitro on HeLa and CaSki cells [207]. Data on cutaneous HPVs are not yet
available, but this could be worthy of further investigation.

6.3. Vitis vinifera L. Leaf Extracts and Fungi

The antifungal activity of VVLEs has been explored but, worthy of note, only sporadic
clinical reports can be retrieved from the scientific literature. Indeed, the potential effect
of VVLEs on dermatophytes (i.e., fungi affecting skin and appendages, mainly causing
superficial infection), molds, and yeasts has been investigated in various studies evaluating
different single chemical compounds. In particular, the analyzed groups of substances
belonging to the VVLEs were mainly represented by flavonols and stilbenes, both abundant
in grapevine leaves [83]. As already reported for the antibacterial and antiviral activities,
pterostilbene and resveratrol are the two compounds that have showed interesting antifun-
gal properties in vitro. Resveratrol was found to act as fungicidal agent on Candida albicans,
by interfering with the ergosterol biosynthesis, but it demonstrated a lack of effectiveness
towards other Candida spp., such as C. glabrata, C. parapsilosis, C. tropicalis, C. krusei, and C.
dubliniensis [208]. The high antifungal activity of pterostilbene has been demonstrated both
in vitro and in vivo, being fivefold higher than resveratrol, and was suggested to be related
to its better bioavailability and high capability to penetrate hydrophobic membranes, such
as pathogen biofilm. In more detail, pterostilbene significantly inhibited biofilm formation
in yeasts like Trichosporon cutaneum and, less weakly, C. krusei, while no effect was ob-
served in C. albicans and C. parapsilosis [200]. In order to counteract this issue, pterostilbene
was incorporated in poly-lactic-co-glycolic acid nanoparticles (PLGA NPs) and its effect
on anti-C. albicans biofilm formation was compared with that of the free form and the
crude pomace extract, demonstrating a significant superiority of PLGA NPS in allowing
the delivery of antifungal drugs [209].

Resveratrol was found to be active in vitro against two other species of yeasts (Saccha-
romyces cerevisiae and Trichosporon beigelii), towards which its potency was comparable to
Amphotericin B. Its mechanism of action was reported to induce apoptosis through the
activation of metacaspases and cytochrome C release. Moreover, resveratrol was able to
inhibit up to 80% of the growth of some of the most common human dermatophytes (i.e.,
Trichophyton mentagrophytes, Trichophyton rubrum, Trichophyton tonsurans, Microsporum
gypseum, and Epidermophyton floccosum). When considering pathogenic molds, resveratrol
was also tested against Aspergillus niger and Aspergillus fumigatus, responsible for various
diseases among immunocompromised patients, demonstrating different degrees of activity
depending on concentrations and VV cultivar [210].

Some studies have also reported the antifungal effect of other substances that can be
found in the VVLESs, though these effects were observed through experiments involving
different herbal plants. Indeed, epigallocathechin-3-gallate from green tea was found to
inhibit the folate pathway and, also, ergosterol biosynthesis, both leading stopping the C.
albicans growth, and a potential synergy with traditional treatments (azoles and terbinafine)
was also suggested [211]. The same yeast was also targeted by caffeic acid, via inhibition
of the isocitrate lyase enzyme and, consequently, lowering its virulence capability. Lastly,
the dermatophyte T. rubrum development was demonstrated to be hindered by gallic acid
and quercetin with a mechanism involving the activity of sterol 14-x-demethylase P450
and the expression of FAS1 and ERG6, respectively, thus interfering with the ergosterol
synthesis [210].

7. Vitis vinifera L. Extract Prebiotic and Postbiotic Properties

The need for novel and/or alternative approaches for the management of skin inflam-
mation in dysbiotic conditions has opened the doors to several new possibilities. As a matter
of fact, due to the great health-promoting potential of grapevine and derived biomasses,
their exploitation could provide novel active ingredients able to counteract pathogenic
microorganisms and to support the local microbial flora. For instance, grapevine leaves
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could be converted into high-value-added products through biotechnological processes.
In this context, the development of white biotechnology has emerged as a transformative
force since it relies on enzymes and microorganisms to produce valuable components from
renewable sources for the food, pharmaceutical, and cosmeceutics markets as well as other
industries [212,213].

Recently, precision fermentation and the study of bioprocesses for the development of
innovative active ingredients obtained through such procedures have been demonstrated
to be a valid strategy to valorize many waste materials, satisfying the needs of the bio-
circular-green economy model [214,215]. One application is represented by postbiotics,
defined as “preparations of inanimate microorganisms and/or their components that
confer a health benefit on the host” by the International Scientific Association for Probiotics
and Prebiotics (ISAPP) in 2019 [216]. Postbiotics have unique properties that could be
exploited in several sectors (e.g., food, dermocosmetics, and pharmaceutical markets), thus
opening new scenarios and possibilities, such as the improvement in many skin issues,
both pathological (i.e., AD) and aesthetic ones (i.e., wrinkles) [116,217].

Indeed, by understanding the basic scientific mechanisms of how these products work,
it is possible to design more specific ones that address a wide range of functions, providing
end users with reliable and effective solutions that could potentially prevent or improve
pre-existing skin and scalp issues.

Due to their phenolic content, VVLEs could be exploited both for their prebiotic prop-
erties and for the development of postbiotics. Even if not completely understood yet,
the interaction between polyphenols and microbiota is bidirectional, with the microbiota
metabolizing polyphenols which themselves may modulate its quality, quantity, variety,
and functions [37]. As a result, VVLEs are ideal prebiotic candidates for further processing
in postbiotic production through probiotic-driven fermentation, as already reported in the
literature for other raw materials [217,218]. Thanks to their greater specificity of action on
the resident microbiota, and their interaction with the host cells, fermented extracts could
better improve microbiome-based skin conditions compared to non-fermented ones [219].
Probiotic precise fermentation closely mimics the physiological processes of conversion
of dietary polyphenols by the gut microbiota. In more detail, it leads to the ex novo
or over-production of bioactive molecules, including phenolic-derived postbiotics and
exopolysaccharides (EPSs), known for their health-promoting benefits, ranging from mi-
crobial restoration to immunomodulatory properties, anti-inflammatory, antiproliferative,
and antioxidant ones [219-221]. Additionally, precision fermentation technology allows for
more controlled bioprocesses and parameters, thus generating high-value-added products.
Evidence suggests that fermented biomolecules, produced by the natural metabolism of
microorganisms, also improve microbiome modulation [222,223]. However, despite produc-
tivity and yield being continuously optimized to ensure the quality and efficacy of the final
products, this biotechnological approach still poses safety and standardization challenges,
since many parameters can affect the final product features [224-226]. Lastly, their proper-
ties and phytochemical profile also depend on the selected fermenting microorganisms and
on the natural substrate itself, here represented by VVLs [37,227].

8. Conclusions

The recent advances in dermatological and microbiota-related research highlight the
importance of microbiota-friendly approaches to ensure eubiosis, while counteracting
inflammatory conditions. For this reason, greater attention is devoted to plant-based
bioactive compounds also because of their action dualism. If on one side they exert skin anti-
inflammatory and antioxidant effects, on the other, they reduce pathogens, while sustaining
beneficial microbial species at the same time. The exploitation of plant biomasses and
the production of plant-derived ingredients through microbe-driven fermentation could
represent a great opportunity for the management of many inflammatory dysbiosis-related
skin and scalp issues (e.g., AD, SD, acnes, HS, and psoriasis).
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Despite that Vitis vinifera L. and its leaves appear to be promising to help solve these
conditions, the mechanisms of action, the effects on skin commensals and pathogens, and
the synergistic forces underlying the observed health-promoting benefits are yet to be
fully established. Moreover, their bioavailability, penetrating capability, and half-life, as
well as the optimal administration route and standardization of extraction, isolation, and
fermentation processes, also need to be investigated.
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