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Abstract: In this study, the potential value of dried grape pomace (whole, seed, and skin) obtained
from Feteasca Neagra (FN) and Tamaioasa Roméaneasca (TR) as a source of secondary metabolites
was evaluated following hydroethanolic extraction. The total polyphenol, flavonoid, and anthocyanin
contents of FN and TR extracts have been determined, along with their antioxidant and antimicrobial
activities. The investigation of seeds and the whole pomace FN extracts revealed higher levels of
polyphenol, flavonoid, and anthocyanin content in comparison to those extracted from TR. Fifteen
polyphenolic compounds were identified through ultra-high-performance liquid chromatography
(UHPLC) analysis. The most abundant concentrations of catechin and epicatechin were detected
in seed and whole pomace extracts derived from both Romanian grape varieties. The antioxidant
activity was higher in the whole pomace and skin extracts derived from FN than those derived
from TR. The antimicrobial evaluation demonstrated that 15 out of 18 reference pathogenic bacteria
exhibited low MIC and MBC values, indicating a strong antibacterial activity of FN and TR extracts.
No anti-Candida activity was observed. It can be reasonably deduced that the Feteasca Neagra and
Tamaioasa Romaneasca by-products represent a sustainable resource for the development of new
functional ingredients for the pharmaceutical and food industries, in alignment with the principles of
the circular bioeconomy.

Keywords: grape by-products; bioactive compounds; antioxidants; antimicrobial activity;

circular economy

1. Introduction

The wine sector represents a considerable component of the Romanian economy, with
an extensive vine area of 159,740 hectares, grape production of 804,800 tons, and wine
production of 4.8 million hectoliters in 2022 [1]. The most recent data published by the
OIV (International Organization of Vine and Wine), in 2023, indicate that Romania oc-
cupies a position among the ten most significant wine producers within the European
Union [2]. Concerning the grape varieties, international varieties (such as Cabernet Sauvi-
gnon, Chardonnay, Merlot, Sauvignon Blanc, etc.), as well as local varieties (such as
Bédbeasca neagra, Busuioaca de Bohotin, Cadarca, Cramposie, Feteasca Regala, Feteasca
Alba, Feteasca Neagra, Grasa de Cotnari, Tamaioasa Romaneasca, etc.), are cultivated
in the Romanian wine-growing areas. Among these, two iconic and oldest grape vari-
eties are Feteasca Neagra (cultivated on approximately 3028 hectares) and Tamaioasa
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Roméneasca (cultivated on almost 1000 hectares), used for producing red wines and white
wines characterized by a complex aromatic profile [3]. The winemaking process generates
a considerable volume of by-products that, in the absence of appropriate treatment, could
cause environmental pollution in several ways, including soil and water contamination,
greenhouse gas emissions, and nuisances like odors and pests [4-6]. Consequently, the
winemaking industry has been compelled to adopt a circular economic model, which
entails zero waste and is intended to facilitate the development of eco-friendly methods
for converting by-products into value-added products [7-11]. The main by-product of the
winemaking process is grape pomace, which comprises grape seeds, skins, pulp, and dead
yeast cells. The precise annual volume of by-products generated by the Romanian wine
industry is difficult to ascertain due to fluctuations in wine production, the types of crushed
grapes, and the specific production techniques used by different wineries. On average, for
every ton of grapes processed, about 20-30% becomes waste, primarily as grape pomace.
To illustrate, a work of research was conducted in the climatic conditions of the year 2020
to determine the percentage of grape pomace produced throughout the processing of white
and red grapes derived from 25 different grapevine varieties, hybrids, and clones cultivated
in the SCDVV Blaj vineyards, situated in Blaj, Craciunelu de Jos, and Ciumbrud. The lowest
percentage of pomace was recorded for the Pinot gris 34 Bl clone, at 18.09%. In contrast,
the white cultivar Hibernal and the white cultivar Pinot gris 18-5 exhibited the highest
quantities of pomace with percentages exceeding 33%. The percentage of pomace obtained
for the Feteasca Neagra was 19.48% [12]. The grape pomace composition is influenced by
several factors, including environmental factors such as terroir, grape variety, the ripening
stage, and the manufacturing process itself [5,6,11-15]. The chemical composition of grape
pomace is complex, comprising a range of compounds including cellulose, lignin, and
protein, representing 27-37%, 16.8-24.2%, and, respectively, <4% of the total grape pomace
compounds [7,8,13,16]. Overall, all grape by-products have been reported to be a valuable
source of bioactive compounds, including phenolic acids, anthocyanins, catechins, flavones,
procyanidins, tannins, trans-resveratrol, and more [16-20]. As indicated by the findings of
Frincu et al. [9], grape pomace samples derived from six distinct grapevine varieties (also
including Tdmaioasa Romaneasca and Feteasca Neagrd) demonstrated elevated concen-
trations of the relevant compounds. The protein content was found to be 13.93% for the
Tamaioasa Romaneasca grape cultivar and 14.80% for Feteasca Neagra, while the carbohy-
drate content was determined to be 15.59 g% for Tamaioasa Romaneasca and 10.42 g% for
Feteasca Neagra. Additionally, the polyphenol content was quantified at 24.94 mg GAE/g
DM for Tamaioasa Roméaneasca and 27.41 mg GAE/g DM for Feteascd Neagra. Moreover,
the antioxidant activity was determined to be 27.65 mg Trolox equivalent/g DM for the
Tamaioasda Romaneasca variety and 33.42 mg Trolox equivalent/g DM for the Feteasca
Neagra variety [9].

A review of the existing literature reveals a variety of conventional techniques for the
extraction of biologically active compounds from grape pomace, including maceration,
Soxhlet extraction, hydroxide distillation, and solid-liquid extraction [21-25]. The choice
of solvents represents a critical parameter that influences the efficacy of extraction pro-
cesses. Among the solvents employed for polyphenolic compounds extraction, acetone,
ethanol, methanol, and water are the most used [26-30]. Moreover, it has been shown that
the addition of water as a co-solvent enhances the efficacy of the extraction of phenolic
compounds [30,31]. Additionally, more advanced techniques, such as supercritical fluid
extraction, pulsed electric field, microwave-assisted extraction, and extrusion technology
have the potential to deliver efficient and sustainable results [30-34].

A considerable proportion of documented cases of foodborne illnesses has been
identified as being caused by known pathogens, such as Escherichia coli, Listeria mono-
cytogenes, Campylobacter, and Salmonella, as well as Staphylococcus aureus, Bacillus cereus,
and Clostridium species [35-40]. The most frequently reported symptoms associated with
foodborne illnesses are abdominal discomfort, vomiting, diarrhea, fever, and nausea.
Moreover, the emergence of high-risk multidrug-resistant (MDR) pathogens represents
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a significant challenge to global public health, given the growing concern over the de-
clining efficacy of therapies due to prolonged and repeated usage of the antibiotics, as
well as the increased likelihood of disease spread and severity of illness, and, in certain
instances, elevated mortality rates [36,38—40]. Furthermore, five pathogens were identi-
fied as the underlying cause of over 50% of all bacterial deaths, such as Escherichia coli,
Klebsiella pneumoniae, Pseudomonas aeruginosa, Staphylococcus aureus, and Streptococcus pneu-
moniae [40]. As reported in the latest study by Naghavi et al. [40], E. coli and S. aureus were
identified as the most significant contributors to Romania’s disability-adjusted life-years
(DALYs). The presence of these pathogenic bacteria represents a considerable challenge
for stakeholders within the pharmaceutical and food industries, due to factors including
sporulation, the secretion of toxins, and biofilm formation [35-37]. Consequently, the
efficacy of probiotics [41-43], postbiotics [44-46], and plant-derived compounds [47-55] as
potential alternative antimicrobial agents has attracted the attention of the scientific com-
munity. A growing amount of scientific evidence suggests that polyphenolic compounds
derived from grapes and grape pomace [16-18,56] have the potential to exhibit significant
bioactive properties with multiple health benefits such as antioxidant potential [57-65],
antimicrobial activity against a wide spectrum of microbial species [66-73], anticancer and
anti-inflammatory activities [57,59,61], and properties that act against skin disorders [74].
These valuable compounds have attracted considerable interest from companies and re-
searchers, to develop eco-friendly and renewable products with applications in a wide
range of domains, including pharmaceuticals [16,59,60,75-78], agro-food [19,20,23,79], ani-
mal feeds [80,81], cosmetics [74,82-84], vermicomposting as biofertilizers [85,86], and other
potential applications.

This study aims to evaluate the antioxidant and antibacterial activities of the com-
pounds extracted from the grape pomace of the Feteasca Neagra and Tamaioasa Romaneasca
varieties, as well as to determine the main polyphenolic compounds.

2. Materials and Methods
2.1. Grape Pomace Samples

The grape pomace was obtained from the winemaking (2023) of two indigenous grape
varieties to Romania: Feteasca Neagra (a red grape variety) and Tamaioasa Roméaneasca (a
white grape variety) acquired from the “Pietroasa” viticulture and winemaking research
and development facility (Buzau, Romania). The pomace samples were divided into skins
and residual pulp (abbreviated as FNE and TRE), seeds (abbreviated as FNS and TRS), and
whole pomace (abbreviated as FNT and TRT).

Subsequently, the samples were dried at 45 °C and milled with a laboratory blender,
resulting in a particle size of less than 1 mm. The resulting material was then stored in
paper bags in a dry and dark place until analysis.

2.2. Extraction Procedure

Pomace extracts were prepared by combining the dry and milled matter with 50%
v/v ethanol/water, in a ratio of 1:10. The extraction procedure involved sonication of the
samples in an ultrasonic homogenizer bath (HD 2070 Bandelin Sonopuls, Berlin, Germany)
for 2 min at room temperature, followed by maceration at ambient temperature over
24 h with continuous agitation (150 rpm) using a shaking incubator (LSI-3016R, Lab Tech,
Jeloud, Tunisia). Subsequently, the extracts were centrifuged for 10 min at 6000 rpm using
a centrifuge (Universal 320 R, Hettich, Sérézin du Rhéne, France) to separate the extract
from the residue and filtered through sterile Millipore 0.22 um filters (Sartorius, Goettingen,
Germany). Finally, the alcoholic fraction was removed under vacuum at 40 °C using a
rotary evaporator (Blichi R-210, Flawil, Switzerland) and freeze-dried using a FreeZone
6 (Labconco, Kansas City, MO, USA). The freeze-dried extracts were then stored at a
temperature of +4 °C until further analysis.



Fermentation 2024, 10, 470

4 0f 20

2.3. Evaluation of Phenolic Profile and Content
2.3.1. The Total Phenolic Content (TPC)

The total phenolic content (TPC) was determined using a modified Folin—-Ciocalteu
assay, as previously described by Arlet et al. [53]. The diluted samples were combined with
500 uL of Folin—Ciocalteu reagent and incubated for 8 min in the dark. Subsequently, a
solution of sodium carbonate (7.5%) was added and the samples were incubated for an
additional two hours in the dark. Then, the absorbances were measured at 765 nm. A
standard curve was obtained by reading the absorbances of gallic acid solution displaying
concentrations ranging from 50 to 500 pg/mL. The total phenolic content was expressed in
terms of milligram-equivalent gallic acid (mg GAE) per gram of the analyzed sample.

2.3.2. Total Flavonoid Content (TFC)

The total flavonoid content (TFC) was quantified using an aluminium chloride com-
plexation assay, as described by Pekal and Pyrzynska [87] and Giurescu et al. [88]. The
samples were diluted with sodium acetate (10%) and, following centrifugation and filtra-
tion, were mixed with 2 mL of aluminium chloride (2.5%). Incubation for 45 min in the
dark was subsequently performed. Absorbance readings were recorded at a wavelength of
420 nm. A standard curve was obtained by reading the absorbances of rutin solution ex-
hibiting a concentration range of 10-160 ug/mL. The total flavonoid content was quantified
in milligram-equivalent rutin per gram of the sample, expressed as mg RE/g.

2.3.3. Total Anthocyanin Content (TAC)

The total anthocyanin content (TAC) was estimated using a method proposed by
Teng et al. [89]. Consequently, the samples were diluted with a potassium chloride solution
(25 mM) with a pH of 1.00. The anthocyanin content was expressed as milligram cyanidin-
3-glucoside (cyd-3-glu) equivalents per gram of sample (mg cyd-3-gluE/g) using the
following equation:

A * MW x DF % 1000

TAC (mg cyd-3-gluE/g DM) = i1

)

where:

A = absorbance at 520 nm; MW (molecular weight) = 449.2 g/mol for cyd-3-glu;
DF = dilution factor; € = 26 900 M extinction coefficients (L x mol~! x cm™!) for cyd-3-glu;
1 = path length in cm.

2.3.4. UHPLC Analysis

The UHPLC analysis was performed using an Acquity UHPLC I Class system equipped
with a photodiode array (PDA) detector (Waters Corporation, Milford, MA, USA). The
column used was Zorbax Eclipse Plus C18, 4.6 x 150 mm, 5 pm. The 10 pL of samples were
injected using a flow-through-needle autosampler, and two solvents, (A) 0.1% formic acid
in water and (B) 0.1% formic acid in acetonitrile, were used in a gradient state as the mobile
phase. The elution conditions were optimized: 0-100% (B) for 30 min, and the flow rate
was 0.8 mL/min. The column temperature was maintained at 35 °C and the autosampler at
20 °C. The detector was set at 280 nm, 320 nm, and 370 nm wavelengths. Fifteen reference
compounds, gallic acid, tannic acid, chlorogenic acid, catechin, caffeic acid, epicatechin,
p-coumaric acid, isoquercetin, ferulic acid, naringin, rosmarinic acid, myricetin, luteolin,
quercetin, and naringenin, were used to identify and quantify the polyphenolic compounds
in a linear range between 5-150 pug/mL. Therefore, 280 nm was used for gallic acid, tannic
acid, catechin, epicatechin, naringin, and naringenin; 320 nm was used for chlorogenic
acid, caffeic acid, p-coumaric acid, ferulic acid, and rosmarinic acid; and 370 nm was used
for isoquercetin, myricetin, luteolin, and quercetin. The reference compounds and grape
pomace extracts were run through the column under the same conditions, and the concen-
tration was calculated using the calibration curves. The results were expressed for each
specific polyphenolic compound as pug/g of the grape samples.
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2.4. DPPH Antioxidant Assay

The antioxidant activity was determined using the DPPH (1-Diphenyl-2-picrylhy-
drazine) assay, following Brand-Williams et al. [90] with some modifications. The process
involved vigorously mixing the 0.05 mL extract samples with 2.950 mL of a 100 uM DPPH
solution (dissolved in pure ethanol) (Aldrich, Merck KGaA, Darmstadt, Germany), followed
by incubation in a dark environment for 30 min at room temperature. Subsequently, the
mixture was centrifuged at 6000 ¢ for 10 min to allow for the separation of the different
components. To guarantee the accuracy and reliability of the findings, the control samples
were replaced by an equivalent volume of distilled water. In the control sample, the DPPH
was exchanged for an equivalent volume of absolute alcohol. An equal volume of distilled
water and absolute ethanol was employed as a calibration standard to enable the assessment
of the results” accuracy and precision. The absorbance of the supernatant at 515 nm (OD515)
was measured using a UV-1800 spectrophotometer (ChromTech, Minneapolis, MN, USA).
The percentage of radical scavenging activity was estimated using the following equation:

ABSDPPH — ABSsample
ABSDPPH

where: AA (%) = antioxidant activity (%); ABSDPPH = the absorbance of DPPH solution
without any sample; ABSsample = the absorbance of the mixture of the DPPH solution
and sample.

AA% =

x 100 @)

2.5. Antibacterial Activity
2.5.1. Microorganisms

The antimicrobial activity of the FN and TR extracts has been tested against 13 Gram-
positive bacteria (B. cereus ATCC 11778, Enterococcus faecalis ATCC 29212, Ent. faecium
ATCC 6057, Ent. hirae ATCC 10541, Listeria innocua ATCC 33090, L. ivanovii ATCC 19119, L.
monocytogenes ATCC 7644, Staphylococcus aureus ATCC 6538, S. aureus ATCC 33592 (MRSA),
S. epidermidis ATCC 12228, S. epidermidis ATCC 51625 (MRSE), Streptococcus pyogens ATCC
19615, Rhodococcus equi ATCC 6939), 5 Gram-negative bacteria (Escherichia coli ATCC 25922,
Pseudomonas. aeruginosa ATCC 27853, Salmonella enterica serovar Enteretidis ATCC 14028,
Salmonella enterica serovar Typhimurium ATCC 14028, and Serratia marcescens ATCC 14756)
and 4 Candida spp. (C. albicans ATCC 10231, C. parapsilosis ATCC 20019, C. glabrata ATCC
2001, and C. tropicalis ATCC 44508). The reference bacteria were cultivated in trypticase
soya broth (TSB; Alliance Bio Expertise, Guipry Messac, France), and Candida strains were
cultivated in potato dextrose broth (PDB; Alliance Bio Expertise, Guipry Messac, France) at
30 °C for 24 h.

2.5.2. Plate Screening of Antimicrobial Activity of the Extract Samples

The antimicrobial spectrum of the FN and TR extracts was evaluated against a panel
of 18 pathogenic bacteria and 4 Candida spp. using the agar well diffusion assay, as outlined
by Balouiri et al. [91] with minor modifications. Briefly, a solution of 1 ml of an overnight
pathogen culture (with an optical density (OD600) value of 0.3 £ 0.05, corresponding to
approximately 107-108 cfu/mL) was added to a sterile Petri dish (of diameter 90 mm).
Subsequently, the dishes were filled with 25 mL of Tryptic Soy Agar (TSA; Alliance Bio
Expertise, Guipry Messac, France) or Potato Dextrose Agar (PDA; Alliance Bio Expertise,
Guipry Messac, France), respectively, at a temperature of 4245 °C. Next, the Petri dishes
were mixed gently until the culture medium had solidified. Wells with a diameter of
six millimeters were punctured with a sterile needle. Each well was filled with 100 pL of the
FN and TR extracts. The negative control was represented by ethanol at a concentration of
50% (v/v). Following this step, the Petri dishes were incubated at the optimal temperature
for 24 h. The antibacterial activity was defined as a clear zone of inhibition around the well,
which was then measured in millimetres (mm) using a ruler.
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2.5.3. Microdilution Technique

The sensitivity of pathogenic bacteria to the FN and TR extracts was established
through the microdilution method, following the Clinical and Laboratory Standards Insti-
tute (CLSI) guidelines, with minor modifications [92]. The pathogenic bacteria were inocu-
lated in TSB and incubated overnight at 37 °C. The cells’ viability was determined by a plate
count agar. The average concentration of the FN extracts ranged from 37.11 to 0.29 mg/mL,
while the average concentration of the TR extracts ranged from 57.83 to 0.45 mg/mL. A
total volume of 40 uL of each extract was added to the initial Eppendorf tube. Subsequently,
a series of tubes was prepared in which the concentration of the extract decreased in pro-
portion to a twofold dilution factor in Mueller-Hinton broth (Tulip Diagnostics (P) LTD.,
Verna, India), and then 4 pL of cell suspension (10° cfu/mL) was added to each tube. The
Mueller-Hinton broth inoculated with pathogenic bacteria served as the positive control,
while the uninoculated MHB represented the negative control. The Eppendorf tubes were
incubated for 24 h at a temperature of 37 °C. Thereafter, 20 uL of TTC (2,3,5-triphenyl-
tetrazolium chloride, Merck KGaA, Darmstadt, Germany), a growth indicator, was added
to each tube and incubated for 30 min to assess whether bacterial growth was inhibited. A
visual observation was conducted to ascertain whether the unstained TTC had undergone
a colour change, from its original state to a pink-red formazan, in the presence of bacteria.
The lowest concentration of the extract that demonstrated the inhibition of bacterial growth
was designated as the minimum inhibitory concentration (MIC). To ascertain the minimum
bactericidal concentration (MBC), 10 uLL. was extracted from each dilution and inoculated
onto a spot of Mueller-Hinton agar. Subsequently, the plates were incubated at 37 °C
for 24 h. The lowest extract concentration capable of killing bacteria was designated the
minimum bactericidal concentration (MBC).

2.6. Statistical Analysis

All experiments were conducted in triplicate. The results were presented as
mean =+ standard deviation (SD). The results for the phenolic composition, antioxidant
activity, and antimicrobial activity were subjected to statistical analysis using the IBM
SPSS Statistics software, version 29 (IBM Corp., Armonk, NY, USA). Comparisons between
samples for all parameters were tested by ANOVA and post hoc Tukey test or Kruskal—-
Wallis test and Mann-Whitney U-tests, depending on the type of variables. All tests were
two-sided and the level of significance was 5%.

3. Results
3.1. Phytochemical Profile
3.1.1. Determination of Total Phenolic, Flavonoid, and Anthocyanin Content

The phytochemical screening results revealed the presence of many secondary metabo-
lites responsible for several biological activities. The analysis confirmed the presence of all
classes of investigated phytoconstituents in all the samples taken into the study, regardless
of the grape variety or the type of pomace component (Table 1).

Table 1. Total phenolic content (TPC), total flavonoid content (TFC), and total anthocyanin content
(TAC) values for grape hydroalcoholic extracts.

Grape Variety Samples TPC TEC TAC
(mg GAE/g) (mg RE/g) (mg cyd-3-gluE/g)

Foteascs FNT 81.81 + 3.86<d 75.77 £ 5.02 be 34.01 £221°P
Neagrs FNE 78.61 +3.83¢ 75.09 £ 2.93 be 36.75 + 2.66 P
FNS 93.52 +3.06f 86.86 + 7.24 d 11.18 £ 3.252

Tamaioass TRT 4534 +233P 38.05 + 352 1.69 + 0.76 2
Romaneascs TRE 27.72 +0.042 25.71 +0.712 1.06 + 0.322
TRS 90.43 + 0.50 ©f 61.01 £3.27° 1.48 + 0.56 2

The values are expressed as the mean =+ the standard deviation from three independent experiments. Statistically

significant differences (p < 0.05) were indicated by different lowercase letters.
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Table 1 reveals a statistically significant variation (p < 0.05) in total phenolic content
between the grape pomace samples (whole pomace, skin, and seeds) derived from both
indigenous Romanian grape cultivars. The results of this study demonstrate that the yield
of total phenolic content depends on both the specific grape variety and the type of grape
pomace component.

The total phenolic content exhibited considerable variation, with values ranging
between 27.72 £ 0.04 and 78.61 £ 3.83 mg GAE/g for the skin extracts and between
45.34 £ 2.33 and 81.81 £ 3.86 mg GAE/g for the whole grape pomace extracts derived from
both Romanian grape cultivars (Table 1). The grape seed samples exhibited a markedly ele-
vated level of total phenol content, with values of 90.43 £ 0.50 mg GAE/g for the Tamadioasa
Romaneasca cultivar and 93.52 & 3.06 mg GAE/g for the Feteasca Neagra cultivar.

In the case of seed extracts, it was observed that Feteasca Neagra exhibited a higher total
flavonoid content (86.86 = 7.24 mg RE/g) than Tamaioasa Roméneasca (61.01 & 3.27 mg RE/g).
Furthermore, the total flavonoid content of FNT and FNE extracts was found to be similar and
notably higher than the corresponding values obtained for TR extracts (Table 1).

The total anthocyanin content was found to be significantly higher in the FNT and FNE
extracts and lower in the FNS extract, respectively. Nevertheless, it is notable that all extracts
derived from the Tamaioasa Roméaneasca variety exhibited a relatively low anthocyanin
content, with values ranging between 1.06 £ 0.32 and 1.69 £ 0.76 mg cyd-3-gluE/g.

3.1.2. Bioactive Compounds Identification through UHPLC Analysis

Table 2 presents the findings of the UHPLC analysis of the polyphenolic compounds
present in the extracts of whole pomaces, skins, and seeds (FN and TR extracts). This
analysis identified and quantified 15 distinct polyphenolic compounds, including the
following phenolic acids—gallic acid, tannic acid, chlorogenic acid, caffeic acid, p-coumaric
acid, ferulic acid, and rosmarinic acid—and the following flavonoids—catechin, epicatechin,
isoquercetin, naringin, myricetin, luteolin, quercetin, and naringenin.

Table 2. UHPLC analysis of polyphenolic compounds present in grape pomace extracts.

Grape Pomace Extracts (u1g/g)

N Compound  Compound Amax TR
0. .
Name Class (nm)  (min) FNT FNE FNS TRT TRE TRS
1 GAL 280 3.10 7.65+0.132 17.82 £ 0.42°¢ 26.32 4 0.46 4 17.17 £0.92°¢ 10.96 =+ 0.06 ® 34.01 4+ 0.02¢
2 TAN 280 3.44 50.04 4+ 1.02 ¢ 73.06 + 0.28 20.87 4+ 0.242 23.24 + 57" 19.99 +0.012 34.31+0.36 ¢
3 CLO Phenolic 320 6.65 0.13 4+ 0.014 0.16 & 0.00 © 0.05 =+ 0.00 ® 0.04 4 0.00 @ 0.03 £ 0.002 0.07 £ 0.00 ¢
4 CAF acids 320 9.6 0.14 +0.01 ¢ 0.14 +0.00 ¢ 0.09 +£0.00° 0.09 +0.00° 0.04 +0.00° 0.11+0.00°¢
5 Ccou 320 1271 0.12 4 0.01 be 0.14 £0.00¢ 0.10 & 0.01° 0.05 4 0.002 0.03 £ 0.002 0.17 +0.014
6 FER 320 14.17 0.11 +0.004 0.11 +0.014 0.05 +0.00° 0.04 +0.00° 0.02 +0.002 0.07 £ 0.00
7 ROS 320 18.73 0.52 = 0.04 «d 0.58 = 0.00 4 0.29 & 0.00® 0.25+0.01° 0.17 £ 0.002 0.45 4 0.02°¢
8 CAT 280 7.09 103.38 +1.70 48.59 4 0.58 298.78 +0.47¢  170.41 + 0924 19.48 +0.71 2 450.60 + 0.85 f
9 EPI 280 9.65 197.82 +0.859 15203 +0.35¢  226.63+0.52°¢  117.94+ 057" 23.06 + 0.28 @ 355.00 + 7.07 f
10 NA 280  16.38 31.69 +0.92 28.16 4 0.23° 48.22 4+ 0.46 ¢ 31224+ 0.31°¢ 17.32 + 0.46 61.99 4+ 0.01 ¢
11 NAR Flavonoid 280 2332 2.66 & 0.14 ¢ 3.06 + 0.09 4 0.30 +0.002 0.89 £ 0.01° 2.60 & 0.06 € 1.00 £ 0.01°
12 I1SO 370 1384  75.11+1209 87.42 4+ 0.60 © 10.53 + 0.302 70.63 £ 0.52°¢ 10322 +0.32f 2228 +0.40°
13 MYR 370  18.96 12.09 + 0.13 9 11.72 £ 0.23°¢ 1.36 + 0.03 @ 1.37 £0.012 1.04 + 0.06 @ 2.19 £ 0.04°
14 LUT 370  21.66 543402149 5.78 + 0.03 4 1.38 4 0.01 2 2.75 4 0.07° 2.63+0.11° 3.16 £ 0.14 ¢
15 QUE 370  21.83 28.89 4+ 0.21°¢ 24.50 + 0.03 ¢ 3.06 4+ 0.08 2 12.82 4 0.14 ¢ 13.34 £ 049 ¢ 5.94 + 0.08

The mean retention time (TR) error for polyphenolic compounds was 4 0.0001-0.20 min. Gallic acid—GAL;
Tannic acid—TAN; Chlorogenic acid—CLO; Catechin—CAT; Caffeic acid—CAF; Epicatechin—EPI; Coumaric
acid—COU; Isoquercetin—ISO; Ferulic acid—FER; Naringin—NA; Rosmarinic acid—ROS; Myricetin—MYR;
Luteolin—LUT; Quercetin—QUE; Naringenin—NAR. The values are expressed as the mean + the standard
deviation from three independent experiments. Statistically significant differences (p < 0.05) were indicated by
different lowercase letter.

The identified phenolic acids present in the FN and TR extracts are divided into hy-
droxybenzoic acids and hydroxycinnamic acids. The hydroxybenzoic acids were identified
in descending order as tannic acid, followed by gallic acid. The FNE extract contains
the highest quantity of tannic acid (73.06 = 0.28 ug/g), followed by the FENT extract
(50.04 £ 1.02 ng/g). The ENS extract and TR extracts (TRT, TRE, and TRS) contain a lower
content of tannic acid (<50 pg/g). The highest quantity of gallic acid was observed in
the TRS extract (34.01 &+ 0.02 pg/g), followed by the FNS extract (26.32 & 0.46 ug/g).
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The extracts of whole pomaces (FNT and TRT) and grape skins (FNE and TRE) contain
gallic acid in the range of 7.65 £ 0.13-17.82 + 0.42 pug/g. The hydroxycinnamic acids
(chlorogenic acid, caffeic acid, p-coumaric acid, ferulic acid, and rosmarinic acid) in the FN
and TR extracts are found in lower quantity than hydroxybenzoic acids, in the range of
0.02 £ 0.00-0.58 £ 0.00 ug/g.

The identified flavonoids present in the FN and TR extracts are divided into flavonols,
flavanols, flavanones, and flavones. As expected, the extracts of grape seeds contain the
highest quantity of flavanols, catechin (TRS—450.60 £ 0.85 ng/g; FINS—298.78 &+ 0.47 ug/g),
and epicatechin (TRS—355.00 &+ 7.07 ug/g; FNS—226.63 £+ 0.52 ug/g), followed by the
extracts of whole pomaces (FNT and TRT) and grape skins (FNE and TRE). Similar to flavanols,
the naringin flavanone is also found in the highest amount in the extracts of grape seeds
(TRS—61.99 £ 0.01 ng/g; FNS—48.22 + 0.46 pg/g). Regarding the other types of flavonoids,
for example, naringenin, isoquercetin, myricetin, luteolin, and quercetin, they are present in
higher quantities in the extracts of whole pomaces (FNT and TRT) and grape skins (FNE and
TRE) than in the grape seeds extracts (FNS and TRS).

The extracts of grape seeds (FNS and TRS) contain the highest quantity of polyphenolic
compounds (phenolic acids and flavonoids) compared to the extracts of whole pomaces
(FENT and TRT) and grape skins (FNE and TRE). The chromatogram of the 15 distinct iden-
tified polyphenolic compounds in the FNS extract is reported in Figure 1: gallic acid (com-
pound #1-3.054 min); tannic acid (compound #2-3.607 min); chlorogenic acid (compound
#3-6.246 min); catechin (compound #4-6.962 min); caffeic acid (compound #5-9.030 min);
epicatechin (compound #6-9.543 min); p-coumaric acid (compound #7-12.680 min); iso-
quercetin (compound #8-13.637 min); ferulic acid (compound #9-14.111 min); naringin
(compound #10-16.243 min); rosmarinic acid (compound #11-18.637 min); myricetin
(compound #12-18.953 min); luteolin (compound #13-21.554 min); quercetin (compound
#14-21.746 min); and naringenin (compound #10-23.268 min).
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Figure 1. A chromatogram of FNS grape pomace extract at 280 nm in UHPLC.
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The chromatogram of the 15 distinct identified polyphenolic compounds in the
TRS extract is reported in Figure 2: gallic acid (compound #1-3.002 min); tannic acid
(compound #2-3.594 min); chlorogenic acid (compound #3-6.230 min); catechin (com-
pound #4-6.932 min); caffeic acid (compound #5-9.036 min); epicatechin (compound
#6-9.638 min); p-coumaric acid (compound #7-12.665 min); isoquercetin (compound
#8-13.777 min); ferulic acid (compound #9-14.098 min); naringin (compound #10-16.232 min);
rosmarinic acid (compound #11-18.625 min); myricetin (compound #12-18.942 min); lute-

olin (compound #13-21.538 min); quercetin (compound #14-21.729 min); and naringenin
(compound #10-23.482 min).
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Figure 2. A chromatogram of TRS grape pomace extract at 280 nm in UHPLC.
3.2. Antioxidant Activity

The antioxidant potential of the FN and TR extracts was assessed spectrophotometri-
cally through DPPH assays. The results are shown in Figure 3.

All extracts from the Feteasca Neagra cultivar showed the highest antioxidant capacity,
especially grape seed extract (90.35%) and whole grape pomace extract (87.19%).

The extracts from the Tamaioasa Romaneasca cultivar showed lower values of antioxi-
dant capacity, except for the seed extract (72.14%). The antioxidant activity registered was
less than 50% for the two other extracts.

The structure-activity relationship of bioactive compounds (such as phenolics, flavo-
noids, and anthocyanins) is a key factor in determining the antioxidant activity of FN and
TR extracts. The results demonstrate that FN extracts, which are abundant in total phenols,
total flavonoids, and total anthocyanins, display noteworthy antioxidant activity. However,
solely the seed TR extract exhibits elevated antioxidant activity, which can be attributed to
its elevated content of total phenols and total flavonoids.
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Figure 3. Antioxidant activity of hydroalcoholic extracts from the Feteascd Neagra (whole pomace as
FNT, skin as FNE, and seed as FNS) and Tamaioasa Romaneasca (whole pomace as TRT, skin as TRE,
and seed as TRS) varieties. The values are expressed as the mean = the standard deviation from three

independent experiments. Statistically significant differences (p < 0.05) were indicated by different
lowercase letters above the error bars.

3.3. Antimicrobial Activity

The antimicrobial activity of FN and TR extracts was investigated through an agar
well diffusion test, whereby the extracts were examined in terms of their capacity to inhibit
the proliferation of 18 pathogenic bacteria and 4 Candida spp. (Table 3).

All extracts demonstrated antibacterial activity, as evidenced by the presence of a clear
zone of inhibition against Gram-positive bacteria. The FN and TR extracts exhibited high
antibacterial activity against P. aeruginosa and S. marcescens, the only Gram-negative bacteria
susceptible to them. However, no inhibitory effect was observed on E. coli, S. Enteritidis,
and S. Typhimurium. All FN and TR extracts demonstrated high antagonist activity against
a range of bacterial strains, including Staphylococcus spp., Enterococcus spp., Listeria spp., R.
equi, and P. aeruginosa, with inhibition diameters exceeding 10 mm. However, all FN and
TR extracts demonstrated moderate antibacterial activity against B. cereus and Enterococcus
strains, with inhibition diameters between 6 and 10 mm. All FN extracts exhibited high
antibacterial activity against S. marcescens.

Furthermore, the antibacterial efficacy of FIN and TR extracts was assessed for potential
utilization as a biological agent, with the outcomes expressed as the minimal inhibitory
concentration (MIC) and the minimal bactericidal concentration (MBC). To accomplish
this objective, tests were conducted with varying concentrations of the FN and TR extracts
against a total of 15 bacterial strains, including 13 Gram-positive and 2 Gram-negative
foodborne pathogens (Table 4).
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Table 3. In vitro antimicrobial activities of grape pomace extracts.

R . . Feteasca Neagra Tamaioasa Romaneasca
eference Microorganisms

FNT FNE FNS TRT TRE TRS

Bacteria
B. cereus ATCC 11778 ++ ++ ++ ++ ++ ++
Ent. faecalis ATCC 29212 ++ ++ ++ ++ ++ ++
Ent. faecium ATCC 6057 ++ ++ ++ ++ ++ ++
Ent. hirae ATCC 10541 ++ ++ ++ ++ ++ ++
L. innocua ATCC 33090 +++ +++ +++ +++ +++ +++
L. ivanovii ATCC 19119 +++ +++ +++ +++ +++ +++
L. monocytogenes ATCC 7644 +++ +++ +++ +++ +++ +++
S. aureus ATCC 33592 MRSA +++ +++ +++ +++ +++ +++
S. aureus ATCC 6538 +++ +++ ++ +++ +++ +++
S. epidermidis ATCC 51625 MRSE +++ +++ +++ +++ +++ +++
S. epidermidis ATCC 12228 +++ +++ +++ +++ +++ +++
S. pyogenes ATCC 19615 +++ +++ +++ +++ +++ ++
R. equi ATCC 6939 +++ +++ +++ +++ +++ +++
E. coli ATCC 8739 - - - - - -
P. aeruginosa ATCC 27853 +++ +++ +++ +++ +++ +++
S. enterica Typhimurium ATCC 14028 - - - - - -
S. enterica Enteritidis ATCC 13076 - - - - - -
S. marcescens ATCC 14756 +++ +++ +++ ++ ++ ++
Fungi

Candida albicans ATCC 10231
C. glabrata ATCC 2001

C. parapsilopsis ATCC 20019
C. tropicalis ATCC 44508

Legend: (-) no halo formation indicates the absence of activity; (+) inhibition halo of 1-5 mm diameter indicates
low antimicrobial activity; (++) halo of 6-10 mm diameter indicates moderate antimicrobial activity; (+++) halo
of >10 mm diameter indicates high antimicrobial activity, as classified by Kouadio et al. [43].

The MIC values for the pathogenic bacteria ranged from 0.56 to 8.92 mg/mL for the
FNT extracts, 0.29 to 9.17 mg/mL for the FNE extracts, and from 0.31 to 9.75 mg/mL for
the FNS extract, respectively.

The MIC values for the pathogenic bacteria ranged from 0.45 to 7.13 mg/mL for the
TRT extracts, from 1.00 to 16.00 mg/mL for the TRE extracts, and from 0.41 to 13.30 mg/mL
for the TRS extract.

Of all the tested bacteria, Streptococcus pyogens and Rhodococcus equi showed the highest
sensitivity to the FN and TR extracts. The findings indicate that the FN and TR extracts
exhibited low MIC and MBC values, effectively inhibiting bacterial growth and killing the
pathogenic bacteria studied.
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Table 4. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) values (expressed as mg/mL) of grape pomace extracts against

bacterial pathogens.

Strains FNT FNE FNS TRT TRE TRS
MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

B. cereus ATCC 11778 892+0.00 892+0.00 917+0.00 917+0.00 9754+0.00 9.754+0.00 7134+0.00 7.1340.00 8.00 + 0.00 8.00+0.00 13.30+0.00 13.30 4 0.00
Ent. faecalis ATCC 29212 8924+0.00 892+£0.00 458+000 458+0.00 244+000 2444000 356=£0.00 3.56=+0.00 4.00 &= 0.00 4.00 = 0.00 1.66 £ 0.00 1.66 £ 0.00
Ent. faecium ATCC 6057 223+0.00 223+0.00 458+0.00 458+0.00 2444+0.00 2444+0.00 7134+0.00 713+0.00 16.00+0.00 16.00+0.00 13.30=£0.00 13.30+0.00
Ent. hirae ATCC 10541 446 +0.00 446+0.00 229+0.00 229+0.00 2444+0.00 9.754+0.00 3.56+0.00 3.56+0.00 16.00+0.00 16.00+0.00 13.30=£0.00 13.30+0.00
L. tvanovii ATCC 19119 223+£0.00 223+0.00 229+0.00 2294+0.00 2444000 9754+0.00 1.784+0.00 3.56 % 0.00 4.00 £ 0.00 4.00 £ 0.00 1.66 £ 0.00 6.63 £ 0.00
L. monocytogens ATCC 7644 223+0.00 223+0.00 229+0.00 229+0.00 2444000 2444+0.00 3.56+0.00 3.56 =+ 0.00 2.00 £ 0.00 2.00 + 0.00 6.63 + 0.00 6.63 = 0.00
L. innocua ATCC 33090 223+0.00 223+£0.00 229+£0.00 2294+0.00 2444000 2444+0.00 3.56+0.00 3.56 % 0.00 4.00 £ 0.00 4.00 £ 0.00 6.63 = 0.00 6.63 & 0.00
S. aureus ATCC 33592 MRSA 1.15£000 115£000 229+£000 229+000 122+£000 122+000 356+0.00 3.56=+0.00 8.00 +0.00 8.00 + 0.00 1.66 £ 0.00 1.66 £ 0.00
S. aureus ATCC 6538 446 +£0.00 446+£0.00 229+000 229+000 122+£000 9.75+£000 1.78+£0.00 1.78=+0.00 8.00 £ 0.00 8.00 = 0.00 0.83 £ 0.00 6.63 £ 0.00
S. epidermidis ATCC 51625 MRSE 223+0.00 446+000 115+0.00 458+0.00 2444+0.00 1.224+0.00 1.784+0.00 1.78+0.00 4.00 £ 0.00 4.00 £ 0.00 1.66 £ 0.00 3.31 £0.00
S. epidermidis ATCC 12228 2234+0.00 446+£0.00 229+000 229+000 244+£000 1224+£000 356=£0.00 3.56=+0.00 8.00 £0.00 8.00 = 0.00 1.66 £ 0.00 3.31 +£0.00
Streptococcus pyogens ATCC 19615 028 £0.00 056+0.00 029+£0.00 029+000 031+0.00 031£0.00 0454000 0.45=+0.00 1.00 & 0.00 1.00 £ 0.00 0.41 +0.00 0.41 4+ 0.00
R. equi ATCC 6939 892+0.00 892+0.00 029+0.00 029+0.00 1224000 1.224+0.00 0.89+0.00 0.89 4 0.00 4.00 £ 0.00 4.00 £0.00 1.66 £ 0.00 1.66 £ 0.00
P. aeruginosa ATCC 27853 446 +0.00 446+0.00 458+0.00 458+0.00 2444+0.00 2444+0.00 3.5640.00 3.56 % 0.00 4.00 £ 0.00 4.00 £ 0.00 3.31 +0.00 3.31 £ 0.00
Serratia marcescens ATCC 14756 446 +0.00 446+0.00 2294+000 2294+0.00 488+0.00 4.88+0.00 3.564+0.00 3.56 =+ 0.00 8.00 +0.00 8.00 + 0.00 6.63 + 0.00 6.63 & 0.00

The values are expressed as the mean + the standard deviation from three independent experiments.
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4. Discussion

The winemaking industry by-products are rich in nutraceutical compounds and
complex carbohydrates [54]. The processes could be rendered more economically efficient
if these molecules were extracted. Grape pomace is a by-product of the winemaking
process, comprising a rich source of phenolic compounds that have been demonstrated
to possess notable antioxidant and antimicrobial properties [11,16,79,93]. Only 30—40%
of these compounds is extracted during winemaking; the remainder is present in the
pomace. The phenolic compounds present in grape pomace can be classified into two main
categories, simple phenols and polyphenols, which, in turn, are divided into flavonoids
(anthocyanins, chalcones, flavanones, flavanonols, flavan-3-ols, flavonols, and flavones)
and non-flavonoid (hydroxybenzoic and hydroxycinnamic acids, and stilbenes) [56]. This
material has been demonstrated to exhibit noteworthy antioxidant and antimicrobial
characteristics [11,16,79].

A variety of methodologies have been developed to ensure the efficient and sustainable
extraction of biologically active compounds from grape pomace. These include conven-
tional techniques such as Soxhlet extraction, maceration, hydroxide distillation, solid-liquid
extraction, and accelerated solvent extraction [21-25]. In this study, a hydroethanolic solu-
tion (50% v/v) was selected for use as the solvent for the extraction of phenolic compounds
from grape pomace. The use of ethanol is justified by its established suitability for the
extraction of phenolic compounds (owing to its relatively high polarity) and its low boiling
point, which minimizes energy expenditure and streamlines the removal of the solvent
from the samples [23,25,27]. Moreover, ethanol is a Generally Recognized As Safe (or
GRAS) chemical substance. Among the conventional and non-conventional extraction
methods described in the literature [21-25,30-34], it is revealed that the combination of
Soxhlet extraction and maceration selected for this study was proven to be both an efficient
and accessible approach for the recovery of the highest quantity of phenolic compounds
from the grape pomace of the Feteascd Neagra and Tamaioasda Romaneasca varieties.

In our study, the total phenolic content (TPC) and total flavonoid content (TFC) of
grape seed extracts were found to be higher than those of grape skins and whole extracts
derived from both Romanian grape cultivars, except for the total anthocyanin content (TAC).
The findings suggest that FNS extract exhibits the highest phenol content, with a value
of 93.52 mg GAE/g, which is approximately 1.15 times higher than the phenolic amount
identified in pomace and skin extracts. The results are consistent with those of other studies
on the same variety [94] and even exceed the findings of other researchers [14]. Concerning
TR seed extract (TRS), the phenol content (90.43 mg GAE/g) was found to be comparable
with that evaluated in the red wine variety, but two to three times higher than the content
identified in pomace and skin. The results were comparable with those of other studies
on grape pomace [95]. The TPC obtained in this study is significantly higher than that
reported by Radulescu et al. [79]. In the study conducted by Radulescu et al. [79], the TPC
of hydroalcoholic extracts obtained by two methods (maceration and ultrasonication) from
the by-products of the Tamaioasa Romaneasca variety (stems, skins and seeds, and pomace,
respectively) exhibited a range of 3.32 & 0.34 to 15.32 + 1.93 mg GAE/g DM. Moreover, the
results of the present study were contrary to those previously reported by Frincu et al. [9],
who had quantified the low phenol content of Tamaioasa Romaneasca grape pomace at
24.94 mg GAE/g DM and Feteasca Neagra grape pomace at 27.41 mg GAE/g DM.

The Feteasca Neagra seed extract (FNS) was found to have the highest flavonoid
content (86.86 mg RE/g), which is similar to the Cabernet franc content evaluated by
Xu et al. [96]. This value was found to be 1.15 times higher than the flavonoid content
observed in the pomace and skin. The flavonoid content of TRS extract was found to be
the highest, at 61.01 mg RE/g, which is comparable with the flavonoid content of Viognier
pomace [96]. In contrast, the TFC of all TR extracts obtained in this study is significantly
higher than that reported by Radulescu et al. [79], which was markedly lower for the
hydroalcoholic extracts obtained from the by-products of the Taméaioasa Roméneasca
variety, with values ranging from 1.15 £ 0.07 to 3.53 £ 0.40 mg QE/g.
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The total anthocyanin content was found to be at a high concentration of 36.75 mg
cyd-3-gluE/g in FNE (Feteasca Neagra skin), with a similar content calculated for the
pomace, and the lowest value registered for the seeds. The results were comparable with
those of other studies on the same variety [94]. The presence of anthocyanins in seeds is not
typically observed; however, this may be attributed to the diffusion of these compounds
from the skins during the winemaking process [97]. While anthocyanins are typically
absent in white grape varieties, the TR extracts exhibited a relatively low anthocyanin
content, with values between 1.06 and 1.69 mg cyd-3-gluE /g, comparable to other studies
on white wine varieties [98].

A comprehensive characterization of the grape extracts (FN and TR extracts) was
conducted via UHPLC analysis, whereby the individual components present within the
extracts were identified and quantified. In our study, the polyphenolic compounds quan-
tified are the hydroxybenzoic acids (gallic acid and tannic acid), hydroxycinnamic acids
(p-coumaric acid, ferulic acid, caffeic acid, gallic acid, tannic acid, chlorogenic acid, and
rosmarinic acid), flavonols (quercetin, isoquercetin, and myricetin), flavanols (catechin and
epicatechin), flavanones (naringenin and naringin), and flavones (luteolin). The polypheno-
lic profile of the FN and TR extracts aligns with the literature [99,100].

The concentrations and types of phenolic compounds can vary depending on the
grape cultivar from which grape pomace is derived, the specific parts of the grape used, or
the processing methods employed. It is established that grape seeds contain a higher total
polyphenolic content than grape skins. Regarding the phenolic acids, gallic acid presents the
highest quantity in grape seeds compared to grape skins. Moreover, Di Stefano et al. [101]
reported that grape seeds present the highest quantity of gallic acid (647.88 ng/g) compared
to grape skins (181.30 ng/g). In the grape extracts, hydroxybenzoic acids present the highest
quantity compared to hydroxycinnamic acids [102].

Amongst flavonoids, catechin and epicatechin were the major compounds identi-
fied in the grape pomace extracts, results that were also reported by Xu et al. [96] and
Abouelenein et al. [103]. Similar to gallic acid, catechin, epicatechin, and naringin are found
in higher amount in grape seeds than in grape skins [104]. Flavonoids are proven to be
potent antioxidants that play a crucial role in regulating oxidative stress and treating inflam-
matory and infectious diseases, particularly those caused by resistant and opportunistic
bacteria, through various action mechanisms [17,104].

Polyphenols fulfill the criteria for effective antioxidant activity by acting as hydro-
gen or electron donors, forming stable radical intermediates, and chelating transition
metals [17,57,58,80]. The results obtained from our investigation indicate that all of the FN
extracts and seed TR extract displayed the highest antioxidant activity, which seems to be
linked with the increased phenolic content detected in these extracts, which is in agreement
with previously reported results [16,18,57,61,96].

In light of these circumstances, the market volume for novel natural antimicrobials
is projected to increase at an estimated annual growth rate of 7.3% over the period span-
ning from 2019 to 2027 [105,106]. It has been demonstrated that some of the bioactive
components of grape by-products can be employed in the prevention and treatment of
foodborne bacterial infections. These components have been shown to enhance microbio-
logical food safety, and prevent or treat animal and human illnesses [75-81]. As indicated
in previous studies, the agar well diffusion test, the minimum inhibitory concentration
(MIC), and the minimum bactericidal concentration (MBC) are standard methods for
the assessment of antimicrobial activities present in grape extracts [91,92]. The results
of this study indicated that the FN and TR extracts exhibited a moderate to high an-
timicrobial activity spectrum against 13 Gram-positive and 2 Gram-negative foodborne
pathogens. No antifungal activity was observed against Candida strains tested. The present
study demonstrated that FN and TR extracts exhibited a pronounced antimicrobial ef-
fect against a range of bacterial pathogens, including L. monocytogenes, P. aeruginosa, and
S. aureus, which are among the most prevalent agents associated with bacterial foodborne
diseases [106]. Many studies suggest that grape extracts or specific bioactive compounds
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derived from grapes, pomace, skins, and seeds, can effectively inhibit bacterial growth
and kill pathogenic bacteria [14,66-73,80]. Nevertheless, additional research in this area
has demonstrated that grape pomace extract or purified phenolic compounds can impede
the proliferation of Escherichia coli, Salmonella typhimurium, and Candida strains [107-111].
Corrales et al. [108] demonstrated through agar diffusion testing that 1% (w/v) grape seed
extract did not impede the growth of E. coli and S. Typhimurium. In contrast to this finding,
Baydar et al. [109] employed an identical methodology and observed the inhibition of these
foodborne pathogens. Papadopoulou et al. [110] demonstrated that alcohol-free extracts of
red wines exhibited antimicrobial activity against S. aureus, E. coli, and C. albicans. In their
study, Oliveira et al. [111] observed that Merlot and Syrah grape pomace extracts obtained
by supercritical CO, exhibited superior inhibitory properties against Gram-positive bacte-
ria, including B. cereus and S. aureus, compared to Gram-negative bacteria such as E. coli
and P. aeruginosa, as well as the fungal pathogen C. albicans.

The extracts of FN and TR were observed to exert an inhibitory effect on bacterial
growth and the killing of pathogenic bacteria at relatively low concentrations. Our findings
revealed that the MBC values were identical to the MIC values of the pathogenic bacteria
tested in almost all cases, although there were a few exceptions. The structure—activity
relationship of polyphenolic compounds is a key factor in exerting antibacterial activities
via various mechanisms of action [112]. The bioactive compounds display a high affinity
for macromolecules, including lipids, hydrocarbons, proteins, and nucleic acids, which
have been demonstrated to play an essential role in their biological activity. Previous
studies have provided evidence that catechins and epicatechins interact with bacterial cell
walls, leading to cell membrane destabilization and alterations to their structural integrity
and fluidity [113]. In our study, the elevated concentrations of catechins and epicatechin
detected in the FN and TR extracts may be associated with their high antimicrobial efficacy.

The freeze-dried FN and TR extracts will be stored in dark, airtight containers at low
temperatures (4 °C or below) to prevent oxidation or degradation due to light, oxygen, or
heat. To ensure the efficacy of the storage methods, regular monitoring of TPC, TFC, and
TAC will be conducted, providing an overall indication of purity.

Given the finding that grape pomace possesses the ability to inhibit a broad spectrum
of pathogens while concurrently stimulating the growth of beneficial microorganisms,
promoting health [114,115]; a more exhaustive inquiry is imperative to gain a deeper under-
standing of its implications. The high antioxidant and antimicrobial activities exhibited by
FN and TR extracts render them highly valuable for a number of potential applications. A
review of the literature suggests that these compounds may have potential applications in
the food industry, particularly as natural preservatives for food products, thereby extending
shelf life without the need for synthetic additives [19,20,23,79]. Additionally, their bioactive
characteristics could facilitate the development of supplements and anti-inflammatory
and antimicrobial therapies within the field of medicine [16,59,60,75-78]. Furthermore,
they could be integrated into cosmetic formulations designed to protect the skin from
environmental damage and to prevent the signs of ageing, whilst also treating bacterial
infections [74,82-84].

Moreover, further research is required to improve the bioavailability of the extracts, in-
vestigate potential synergies between the extracts and other substances, such as antibiotics
or postbiotics, expand antimicrobial testing, and conduct a comprehensive safety assess-
ment. This will facilitate the identification and optimization of the empirical conditions for
the large-scale applications of FN and TR extracts as functional ingredients.

5. Conclusions

The present study sought to assess the polyphenolic profile, and antioxidant and
antimicrobial potential of wine by-products derived from Feteasca Neagra and Tamaioasa
Romaneasca, two distinct Romanian grape varieties. The analysis of the phenolic profile
revealed that catechin and epicatechin were the most prevalent compounds identified in
the TR and FN seed extracts. Extracts of the Feteasca Neagra grape obtained from the
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pomace, skins, and seeds, as well as seed TR extracts, have been demonstrated to possess
strong antioxidant activity, with values exceeding 70%. Furthermore, all FN and TR extracts
are demonstrated to have effective antimicrobial activity against a broad spectrum of the
tested pathogenic bacteria, except E. coli, S. Enteritidis, and S. Typhimurium. Moreover,
except for a few cases, MBCs are indistinguishable from MICs, which demonstrates the
high efficacy of the FN and TR extracts in inhibiting and killing pathogenic bacteria simul-
taneously. Subsequently, research will be conducted to elucidate the correlation between
individual phenolic compounds and the antibacterial and antioxidant properties of the FN
and TR extracts. Based on the presented findings, both Feteasca Neagra and Tamaioasa
Romaneasca extracts offer a promising avenue for innovation across multiple domains.
They represent a valuable resource for reducing waste, while simultaneously serving as a
valuable source of high-value products with diverse potential applications, including in
the pharmaceutical, food, and cosmetic industries.
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