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Abstract: Annual grapevine pruning produces large amounts of unused waste as woody canes. The
current study is aimed at the sustainable valorization of viticultural waste by establishing phenolic
compound extraction conditions, composition, and biological potential of crude and purified cane
extracts of three Vitis vinifera L. cultivars growing in temperate climate conditions. Grapevine canes
proved to be rich in carbohydrates and minerals; chlorophyll and carotenoids were also quantified.
The highest yield of phenolic compounds was obtained when dry canes (<0.5 mm) were subjected
to liquid–solid extraction (1:20 w/v) with 70% (v/v) ethanol, for 4 h at 35 ◦C, after a preliminary
ultrasound treatment (6 min., 42 KHz); Pinot Gris canes showing the highest concentration of
flavonoids and non-flavonoids. Stilbenes (resveratrol) and flavan-3-ols (catechin and epicatechin)
were the main phenolic representative, resveratrol concentrations varying significantly between
red-black (419.01–425.60 µg/g d.w.) and white (282.19 ± 4.14 µg/g d.w.) grape cultivars. Purified
extracts (C-18 cartridge) exhibited higher antioxidant and antiradical activities compared to the
crude extracts, and a higher antimicrobial effect, especially against Gram-positive (Staphylococcus
aureus) pathogenic bacteria. Furthermore, Saccharomyces cerevisiae and Oenococcus oeni showed a
reduced susceptibility even at high extract concentrations (>100 mg/mL). These findings indicate
that grapevine canes represent a valuable source of natural bioactive compounds, that are currently
insufficiently known and not exploited to their true functional and economic potential.

Keywords: antimicrobial potential; bioactive compounds; crude extracts; grapevine pruning;
phenolic compounds purification; sustainable viticulture
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1. Introduction

Grapevine (Vitis sp.) has played an important role in human history, being used for
millennia for ceremonial, ornamental, dietary and medicinal purposes [1]. Nowadays,
considering the weight of the edible portion, grapes are the first most produced fruit crop
in the world [2]. The global vineyard surface area is estimated to be 7.3 mha, the European
Union (EU) 3.3 mha, and the main purpose being wine production [3]. Romania is one
of the world’s largest wine producers (4.5 mhL) and fifth-largest among European wine-
producing countries, with a vineyard surface area of 189.000 ha [3]. Pruning is employed to
manage grapevine size and shape, to obtain maximum yields of high-quality grapes and to
allow adequate vegetative growth for the following season. Grapevine is pruned during
the dormant season, usually in late winter, the canes being the main byproducts, with a
huge amount of discarded wood, respectively, at around 2–5 tons/ha each year [4,5]. By
definition, grapevine canes are shoots that have reached about a year in age, that developed
a visible brownish bark layer and lost the related leaves. Referring to the cultivated area
and the quantity of canes resulting per hectare from the spring pruning, Romania generates
almost 0.7 million tons of woody viticultural wastes every year.

Currently, grapevine canes exhibit a very low economic value, being burned (used
locally as firewood) or chopped and incorporated into the soil, as compost on the field
(lignin, cellulose, nitrogen, and potassium) or as soil mulch [4,6]. Recently, for decongesting
the plots, local winemakers choose to collect and formally capitalize grapevine canes, to
the detriment of their soil integration, the main reasons being related to the avoidance
of disease perpetuation, limitation of changes in soil reaction (due to increase in acidity),
obtaining of thermal energy (pellet production), reduction in expensive labor costs and
compliance with environmental protection legislation. In the context of the worldwide
“zero-waste economy” concept, various options of valorization were experimentally devel-
oped, grapevine canes being tested as an energy source, in the production of biorefinery
compounds or bioactive carbon, hybrid particleboards (high lignin content) [6], being
recently proposed as viticultural biostimulants [7], insecticide [8], wine preservative [9]
or as an alternative to oak chips to improve the sensorial profile of wines [10]. However,
most of these applications are not yet extended to large production, grapevine canes still
representing an environmental problem. Also, it is not easy to diminish grapevine waste
accumulation, as most of the practices are still limited by physical infrastructures or human
resources [11]. On the other hand, a growing demand for natural products in consumer
society has emerged in the past decade, plant biomass being intensively studied due to
its richness in high-value compounds [12]. Polyphenolic compounds represent one of
the most important classes of secondary metabolites in V. vinifera L. plants, exhibiting a
large spectrum of pharmacological and therapeutic benefits [13–16]. In grapevine canes,
both flavonoids and non-flavonoids were identified, mainly as proanthocyanidins and
stilbenes, respectively [17]. Liquid chromatography (HPLC) with photodiode array de-
tection (PAD) is a very popular and useful tool for the analysis of phenolic compounds
from plant extracts [18,19]. Using liquid chromatography, various compounds from the
stilbene group, mainly resveratrol and viniferins were identified in grapevine canes [20–22].
However, up to 41 stilbenes have been found in grapevine canes [4]. Phenolic acids, such as
protocatechuic, vanillic, syringic, caffeic, ferulic, coumaric and sinapic, were also identified
and quantified in grapevine cane alcoholic extracts [23–25]. Considering the high level
of waste produced by pruning in worldwide viticulture, Rayne et al. [26] estimated that
the extraction of stilbene from grape canes may reach a global economic value of over
$30 billion.

The extraction of bioactive compounds from plant materials is the first and one of the
most important steps in the preparation of dietary supplements or nutraceuticals, food
ingredients and pharmaceutical products [27]. As already known, phenolic compounds
are unstable, each plant source demanding an individual approach for extraction. Due to
the diversity of the polyphenol classes, it is very difficult to identify a generally applicable
extraction procedure. Thus, various solvents were proposed for the extraction of useful
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compounds from grapevine canes (especially stilbenes), such as water, methanol, ethanol,
acetone [4,28–31] or sodium hydroxide [23]. In addition, solvent concentration and the ratio
between various solvents may vary widely depending on the grapevine species, cultivar
and growing area. Several extraction procedures such as maceration at laboratory tem-
perature, extraction at elevated temperature, fluidized-bed extraction, Soxhlet extraction,
microwave-assisted extraction, accelerated solvent extraction [20,32], superheated liquid
extraction, microwave-assisted extraction, ultrasound-assisted extraction [24], supercritical
fluid extraction, pressurized liquid extraction [33] or subcritical-water extraction [31] were
tested for obtaining the polyphenol fraction of grapevine canes. By definition, an extraction
technique must ensure the complete extraction of the useful compounds, not be laborious,
energy or time-consuming, be cost-effective, not require large volumes of solvents, be
selective and avoid enzymatic or non-enzymatic degradation of the bioactive compounds.
Also, the solvent used must be selective, with a boiling point as low as possible, and not
be corrosive or toxic. According to Zwingelstein et al. [12], the emerging methods are not
always more efficient than the classical one, all the protocols requiring important volumes
of solvents. Also, new laboratory methods require expensive investments, being generally
less time-consuming. Between the different solvents used, ethanol is preferred when the
destination of the extracts is food or pharmaceuticals to avoid the high toxicity of methanol,
acetone, or acetonitrile solutions, although the concentrations of useful compounds can
be slightly lower [27,34]. Under these conditions, solid–liquid extraction using aqueous
ethanol solutions as the solvent remains one of the main options for obtaining polyphenolic
compounds when considering the extraction yield, low toxicity, accessibility and large-scale
practicality, thus fulfilling the required basic extraction conditions to the greatest extent.

Purification of polyphenolic extracts is often necessary, as the solvent systems are not
sufficiently selective. Considerable amounts of accompanying compounds may be extracted
and concentrated in the crude extracts, which can influence the stability, biological activity
and analysis of the individual phenolic compounds [35]. Polyphenol purification using
solid-phase extraction (SPE) enables the removal of the interfering compounds present
in the crude extracts [36]. Mini-columns containing C-18 chains bonded to silica retain
hydrophobic organic compounds (phenolics), while allowing matrix interference such as
sugars or acids to pass through to waste. The isolation and purification step using SPE
makes the efficient analysis of individual polyphenolics possible [37].

Data regarding the biological potential of the purified grapevine cane polyphenolic
extracts are very scarce, most of the research being mainly directed at the identification and
quantification of stilbenes, rather than to a synergistic valorization of the plant material
composition. Recent studies have shown that grapevine cane crude extracts are rich in
bioactive compounds with good antioxidant potential [38,39] and particular antimicrobial
activity against different bacteria and yeasts [39,40], but the reported results vary widely
depending on the grapevine genotype and the tested microorganisms, in generally being
directly correlated with the phenolic compounds’ concentration [4].

Since a high amount of woody waste is produced annually by grapevine pruning,
the aim of this study was to assess the physico-chemical composition of canes of three
Vitis vinifera L. cultivars in high demand for planting in temperate climate vineyards, to
determine the main conditions for the extraction of phenolic compounds, to evaluate
the phenolic composition and the antioxidant, antiradical and antimicrobial activities of
the crude and purified (C-18 SPE cartridge) extracts. The antimicrobial properties of the
polyphenolic extracts were tested on both Gram-positive and Gram-negative pathogenic
species, as well as on species with high technological importance in winemaking (yeast
and lactic acid bacteria). Knowing the type and amounts of useful compounds available
in grapevine canes, as well as their biological properties, offers new possibilities for the
valorization of industrial waste and a better appreciation of their economic and functional
value, as a potential source of high-value phytochemicals.
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2. Materials and Methods
2.1. General Climate Conditions of the Vineyard

Copou-Iasi viticultural center is located in the Iasi vineyard, in the northeast of Roma-
nia, 47◦10′ northern latitude and 27◦35′ eastern longitude, with favorable eco-pedoclimate
conditions for growing grapevines. The climate is temperate continental, with excessive
nuances, characterized by large contrasts between seasons, with harsh and dry winters, hot
summers often with droughts [41]. The plot was planted at an altitude of 184 m, on a slight
slope (3%) with a southern exposition (orientation of rows N–S), in a cambic chernozem
soil with a clay–loamy texture, 6.8 pH units, 2.7% humus content, formed on marls with
sand insertions, with the phreatic water depth at over 3 m [42]. Meteorological data were
collected daily by means of a weather station located in the experimental plot, using the
AgroExpert® 1.6 software. The climate analysis of the last 20 years indicates an average
annual air temperature of 10.5 ◦C, with a maximum value of 11.6 ◦C in 2019 and a minimum
of 9.5 ◦C in 2001. In 2018, the absolute minimum air temperature was −19.7 ◦C (24 January
2018) and the absolute maximum air temperature was 32.0 ◦C (5 August 2018), the annual
amount of precipitation was 727.8 mm, of which 460 mm was during the growing season.
In 2019, the absolute minimum air temperature registered between January and March
(until spring pruning) was −12.0 ◦C (8 January 2019).

2.2. Biological Material

This study has been carried out on 1-year-old grapevine canes with a minimum of
ten buds, harvested manually during the 2019 spring pruning (1–5 March) from three
Vitis vinifera L. cultivars: Sauvignon Blanc (white grapes; VIVC no. 10790), Pinot Gris
(rose grapes; VIVC no. 9275) and Cabernet Sauvignon (black grapes; VIVC no. 1929) [43],
growing in the Iasi vineyard, Copou viticultural center. Grapevines were 20 years old,
grouped into plots with planting distances 2.2 m between rows and 1.2 m between plants
(≈3700 plants/ha), with an average load of 35 to 40 buds/vine stock. Plants were grafted
on the hybrid rootstock Kober 5 BB (Vitis berlandieri Planch. × Vitis riparia Michx.), the
technological operations applied being specific to the industrial vineyards. Plants were
not irrigated or fertilized. Visually clean and healthy grapevine canes were cut into 25 cm
pieces, dried in the dark at room temperature (21 ± 2 ◦C) for one week and then in a drying
oven (UF55, Memmert GmbH, Schwabach, Germany) at 50 ◦C until constant weight [40],
and subsequently cut into cylinders of 0.5–0.8 cm, ground using an electrical grinder
(GT110838, Tefal, Rumilly, France), passed through a 0.5 mm sieve (particle size < 0.5 mm)
and stored in sealed bags at room temperature until extraction (Figure 1a).
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2.3. Physico-Chemical Determinations

Grapevine canes’ diameters and the length of the cylinders were determined using
a digital vernier caliper (Powerfix, Neckarsulm, Germany) (±0.01 mm) and an ATX 224
(Shimadzu, Kyoto, Japan) analytical balance was used for the weighing. Moisture content
(%) was determined by drying the plant material at 105 ◦C until constant weight (drying
oven UF55, Memmert GmbH, Schwabach, Germany). Total mineral content was assessed
gravimetrically (%), by heating the plant sample in a muffle furnace for 6 h at 525 ◦C, after
a preliminary flame burning.

Total carbohydrate content was determined by extraction of total sugars (80% ethyl
alcohol) and starch (52% perchloric acid) from dried (65 ◦C) ground grapevine canes,
reaction with 0.2% anthrone in 99% sulfuric acid and spectrophotometric measurement
of the color intensity at 580 nm (% glucose) according to procedure presented in STAS
220/10–85 [44]. Total carbohydrates (total sugars + starch) were expressed as a percentage
(g/100 g dry weight).

To highlight the presence of starch, five internodal slides obtained by a penknife were
treated for 3 min with a drop of Lugol solution (10 g/L potassium iodide and 2.5 g/L
iodine, in distilled water) for starch–iodine complexation (Figure 1b) and observed under a
microscope [45]. The Biuret test was used to approximate the amount of protein and amino
acids present in the extracts. Thus, 3 mL of extract, 2 mL of 4% sodium hydroxide and a
few drops of 1% copper sulphate solution were vortexed in a test tube. The presence of
proteins was indicated by the formation of a pink to violet color [46].

2.4. Extraction Procedures

For the extraction of the phenolic compounds, 5 g amounts of powdered grapevine
cane (in triplicate) were transferred into 250 cm3 Erlenmeyer flasks and extracted with
100 mL of solvent containing various concentrations of ethanol (0, 40, 50, 60, 70, 80, 90
and 95% v/v) (plant material/solvent ratio of 1:20 w/v). Experimental extractions were
performed initially at 25 ◦C, 12 h, in the dark, in static conditions. After centrifugation at
7500 rpm for 10 min (CENHBN-600, MRC, Holon, Israel) the supernatant was collected to
form the crude extract for each variant. After assessing the optimal solvent concentration,
the time (2, 4, 6, 8, 12, 16 and 24 h), temperature (20, 25, 30, 35, 40, 45, 50, 55 and 60 ◦C) and
the stirring conditions (8 h intermittently—20 s every hour, and continuously at 150 rpm for
2, 4, 6 and 8 h) were determined to maximize phenolic compound extraction. A laboratory
digital thermostatic bath (model 601/5, Nahita, Japan) and an orbital platform shaker
(model 3006, GFL, Burgwedel, Germany) were used to perform the experiments. The
application of ultrasound (ultrasonic bath EMMI-04D, 42 KHz, Emag, Mörfelden-Walldorf,
Germany) at constant temperature (25 ◦C) was also tested (3, 6, 9, 12 and 15 min). To obtain
the main extracts, the best experimental conditions were applied, with three extraction
phases being performed for each sample. The grapevine cane crude extracts (CE) were
stored at −20 ◦C, in dark colored glass containers with screw caps, until analysis.

2.5. Chlorophyll and Carotenoid Content

Chlorophyll (a and b) and total carotenoid content in the grapevine cane crude extracts
(with 96% ethanol) were determined by spectrophotometry, according to the protocol and
formulas presented by Lichtenthaler and Buschmann [47]. The absorbance of the samples
was recorded at 470, 662, 645, and 710 nm as part of a full scan (400–800 nm) of the samples
using a Specord 200 plus spectrophotometer (Analytik Jena, Jena, Germany), and the
quantitative results were expressed as µg/g dry weight.

2.6. Total Phenolic and Flavonoid Content

Total polyphenolic content (TPC) was determined using Folin–Ciocalteu reagent
(Scharlab, Barcelona, Spain), according to the method proposed by Singleton and Rossi [48].
Gallic acid (g/100 g d.w.) was used as a standard (y = 1.2114x + 0.0118; R2 = 0.9910).
Flavonoids (Fl) were precipitated with 10 mL of formaldehyde (8 mg/L, in distilled water)
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at pH < 0.8 (made with 5 mL of HCl 50/50 v/v) as recommended by Tibiri et al. [49].
The mixtures were vortexed (Classic vortex F202A, Fisherbrand, Italy), and after 24 h
at room temperature, flavonoids were separated by centrifugation (3000 rpm, 10 min);
the supernatant containing all phenolic compounds except flavonoids was collected. Ab-
sorbance was measured in the same way as for the total phenolics, using a Specord 200 plus
computer-controlled double-beam UV–Vis spectrophotometer (Analytik Jena, Germany).
The non-flavonoid (NFl) content was calculated as (X–Y), where X is the total phenolic
content and Y the flavonoid content. Also, the global assessment of the polyphenolic
content, as total polyphenolic index (TPI), was performed by measuring the absorbance of
the extracts at 280 nm, after the corresponding dilutions [50].

2.7. Polyphenolic Extract Purification

After determining the extraction conditions, a part of the crude extract (100 mL) was
concentrated to dryness in a rotary vacuum evaporator (HS-2005V, Hahn Shin Scientific,
South Korea) at 34 ◦C. The solid was dissolved in 50 mL 0.01% HCl (v/v) in distilled water
and used for further purification. The polyphenolic aqueous solutions were passed through
a preconditioned C-18 SPE Chromabond® cartridge (Macherey-Nagel, Düren, Germany),
with a 6 mL volume, 500 mg sorbent, silica base material, pore size 60 Å, particle size
45 µm, with a pH stability of 2 to 8. Phenolic compounds were adsorbed onto the C-18
mini-column, while sugars, acids and other water-soluble compounds were removed by
washing the cartridge with 2 volumes of 0.01% aqueous HCl (v/v). The percolation was
carried out slowly and constantly (4 mL/min). The purified polyphenolic extracts (PE)
were obtained by the elution of the cartridge sorbent with 25 mL of 96% ethanol and used
for HPLC analysis.

2.8. HPLC Procedure

Separation and quantification of individual phenolic compounds in grapevine cane
purified ethanolic extracts were performed by means of a Waters 2695e Alliance high-
performance liquid chromatography (HPLC) system, coupled with a 2998 diode array
detector (PDA Detector), controlled by Empower® 3 software (Waters, Milford, MA, USA)
with a capillary C-18 column Waters XBridge (50 × 4.6 mm, 3.5µm), thermostatically kept
at 30 ◦C. All samples were filtered through 0.45 µm syringe filters. A total of 20 µL of
sample was injected for determination. The mobile phase A was represented by a solution
of 0.1% trifluoroacetic acid (TFA) in water, while for solvent B a solution of 0.1% TFA in
acetonitrile was used, with a flow rate of 0.7 mL/min. All solvents were of HPLC grade
(Merck, Darmstadt, Germany). The chromatograms were monitored at 280 nm, while
compound identification was based on available standards. Individual phenolic compound
quantification was performed using standard curves of external standards (r2 > 0.99), by
plotting the peak areas against the concentrations (µg/mL).

2.9. DPPH Scavenging Activity

2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging activity of crude and puri-
fied extracts was measured according to the procedure proposed by Brand-Williams et al. [51].
The reaction mixture contained 100 µL of extract (0–100 µg/mL) and 3.9 mL of 2.36% DPPH
in 96% ethanol solution. The test tubes with the mixture were incubated at 37 ◦C for 30 min.
The reduction in absorbance was measured at 517 nm. The antiradical activity was reported
as a percentage of scavenged DPPH* (%) = ((Abs control − Abs test)/Abs control) × 100. Half
maximal inhibitory concentration (IC50), as the concentration of extract necessary to de-
crease the initial concentration of DPPH by 50% was calculated. Ascorbic acid and gallic
acid (0–100 µg/mL) were used as positive controls.

2.10. Phosphomolybdenum Assay

The phosphomolybdenum assay was used to evaluate the total antioxidant capacity
of the extracts. An aliquot of 0.1 mL of extract was mixed with 1.0 mL of the reagent
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solution prepared by dissolving 0.6 M sulfuric acid, 28 mM sodium phosphate and 4 mM
ammonium molybdate and incubated at 95 ◦C for 90 min. The test tubes were cooled to
room temperature and the absorbance was measured at 695 nm against reagent blank [52].
Ascorbic acid and gallic acid (0–100 µg/mL) were used as positive controls.

2.11. Ferric Reducing Power

The reducing capacity of the extracts was performed by a Fe3+ to Fe2+ reduction assay,
according to the protocol described by Oyaizu [53]. The reaction mixtures containing 2.5 mL
of 0.2 M phosphate buffer (pH 6.6), 2.5 mL of potassium ferricyanide (1% w/v), and 1 mL of
extract (0–100 µg/mL) were incubated in a water thermostatic bath (601/5, Nahita, Japan)
at 50 ◦C for 20 min. After cooling and addition of 2.5 mL of trichloroacetic acid (10%, w/v),
the mixtures were centrifuged at 3000 rpm for 10 min. A total of 2.5 mL of supernatant
was mixed with 2.5 mL of distilled water and 0.5 mL of ferric chloride (0.1%, w/v) and
the absorbance was measured at 700 nm against a reagent blank solution. The IC50 value
(µg extract/mL) was the effective concentration of extract at which the absorbance was
0.5 for the reducing power and was obtained by interpolation from the linear regression
analysis [38]. Ascorbic acid and gallic acid (0–100 µg/mL) were used as positive controls.

2.12. Phenanthroline Assay

The reducing capacity of grapevine cane extracts was also evaluated by the phenan-
throline assay. A total of 0.6 mL of sample (0–100 µg/mL), 1 mL of 0.2% ferric chloride
solution (in methanol) and 0.5 mL of 0.5% 1,10-phenanthroline solution (in methanol) were
placed into a 10 cm3 volumetric flask and made up to volume with methanol. The obtained
solution was mixed and incubated in the dark for 20 min at 30 ◦C. The absorbance of the
orange-red solutions was measured at 510 nm against a reagent blank (the sample volume
was replaced with methanol) [54]. Ascorbic acid and gallic acid (0–100 µg/mL) were used
as positive controls.

2.13. Antimicrobial Activity Assay

Antimicrobial activity of grapevine cane extracts was evaluated by the disk diffusion
method on agar medium. The pathogenic bacterial strains of Gram-positive bacteria, Staphy-
lococcus aureus (ATCC-25923) and Gram-negative bacteria, Escherichia coli (ATCC-25922),
were cultured in Mueller–Hinton broth (Merck, Darmstadt, Germany) at 37 ◦C. The bacte-
rial suspension was adjusted to 0.5 McFarland standard by turbidity (1.5 × 108 CFU/mL).
The standardized bacterial inoculum was spread into Petri dishes (Ø 90 mm) containing
15 mL sterilized Mueller–Hinton agar medium (121 ◦C for 15 min). Then, aseptically
dried filter paper discs (6 mm in diameter) containing the tested extracts in 5% DMSO
(0–100 mg/mL), were placed on the agar surface. The Petri dishes were incubated at 37 ◦C,
24 h, and the diameters of inhibition growth zones were measured (digital vernier caliper).
Discs loaded with 5% DMSO were used as negative control, while gentamicin (10 µg/mL)
was the positive control. Tests were performed in triplicate and the antibacterial activity
was expressed as the mean zone of inhibition diameters (mm) produced by the various
concentrations of extract. Minimum inhibitory concentration (MIC) and minimum bacte-
ricidal concentration (MBC) were determined in Mueller–Hinton broth. Test tubes with
sterile medium containing the extracts and the test bacteria (106 CFU/mL) were incubated
at 37 ◦C under aerobic conditions. After 24 h, 1 mL of homogenized media was spread into
Petri dishes with Mueller–Hinton agar medium and incubated at 37 ◦C. After 24 h, MIC
was determined as the lowest concentration of the extract (mg/mL) that inhibits the visible
growth of the microorganisms, while MBC was determined as the lowest concentration of
extract that prevents the growth of bacteria [55]. MBC/MIC ratio was calculated according
to Mogana et al. [56], in order to evaluate the bactericidal (MBC/MIC ≤ 4) or bacteriostatic
(MBC/MIC > 4) activity of the extracts on tested microorganisms.

Through similar procedures, the susceptibility to extracts of some microorganisms
used in winemaking was tested, respectively, a commonly used yeast strain (Saccharomyces
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cerevisiae, Vinoferm Aroma®, Essedielle, Villa Caldari, CH, Italy) and a lactic acid bacteria
strain (Oenococcus oeni, Viniflora Oenos®, Chr. Hansen, Hørsholm, Denmark). The yeast
(106 CFU/mL) was tested on YEPD medium (Scharlau, Barcelona, Spain) (48 h, 25 ◦C),
while the lactic acid bacteria strain (108 CFU/mL) was cultured on MRS medium [57], 48 h,
30 ◦C, in anaerobiosis (GENbag anaerobic, BioMérieux, Craponne, France).

2.14. Statistical Procedures

Data were reported as the mean of three replicates, having specified the standard
deviation (±). Analysis of variance (ANOVA test) was initiated to investigate significant
differences between data in XLSTAT®: Statistical software (2023 edition), within Microsoft®

Excel 2019 software. The method used to discriminate among the means was Duncan’s
multiple range test at 95% confidence level. p values lower than 0.05 (p < 0.05) were consid-
ered significant. Different letters indicate significant differences between data. Regression
analysis was performed to look for relationships between the experimental results.

3. Results and Discussion
3.1. Physico-Chemical Characterization of Grapevine Canes

V. vinifera L. canes, manually harvested during the spring pruning, did not vary
significantly in terms of diameter (0.68–0.81 cm). A significant difference in moisture and
dry matter content was observed. Canes of Cabernet Sauvignon (CS) cultivar showed a
higher moisture (46.10%), while canes of the Sauvignon Blanc (SB) cultivar showed a higher
total dry matter content (58.20%) (Table 1).

Table 1. Physico-chemical characteristics of grapevine canes at pruning.

Features
Cultivar

Sauvignon Blanc Pinot Gris Cabernet Sauvignon

Diameter (cm) 0.68 ± 0.11 a 0.74 ± 0.08 a 0.81 ± 0.10 a
Moisture (%) 41.80 ± 0.88 b 44.40 ± 0.91 a 46.10 ± 0.74 a
Total dry matter (%) 58.20 ± 0.88 b 55.60 ± 0.91 a 53.90 ± 0.74 a
Starch (%) 5.60 ± 0.28 a 6.32 ± 0.41 a 5.54 ± 0.32 a
Sugars (%) 6.43 ± 0.22 b 7.66 ± 0.28 a 7.08 ± 0.32 a
Total carbohydrates (%) 12.03 ± 0.50 b 13.98 ± 0.69 a 12.62 ± 0.64 ab
Minerals (%) 4.02 ± 0.16 a 3.94 ± 0.11 a 3.73 ± 0.20 a

Note: Values are presented as the mean of a minimum of three replicates, with standard deviations (±). Different
letters within the same row indicate significant differences (p < 0.05) in Duncan’s multiple range test.

The carbohydrate amount stored in grapevine canes is an indication of the health
and vigor of the previous season’s growth [58]. Also, the carbohydrate content is an
indicator of wood maturity and quality, as the initial growth of emerging shoots in spring
is mainly at the expense of carbohydrates. Total carbohydrate content, as the sum of starch
and sugar amounts, varied significantly depending on genotype, from 12.03 to 13.98%.
The highest starch and sugar contents were determined in the canes of Pinot Gris (PG)
cultivar, of 6.32 and 7.66%, respectively. Çetin et al. [59] reported higher concentrations of
carbohydrates in the canes of some grape varieties from Turkey, up to 44%, several factors
being generally involved in the variation of carbohydrate concentrations (species, cultivar,
rootstock, climate, mineral nutrition, trellising system or crop level). However, according to
the Romanian standard 220/10-85, the canes with a total content of carbohydrates (starch
and sugars) lower than 12.00% cannot be used in grafting for vegetative propagation [44].
The degree of cane maturation, defined by a certain optimal level of reserve substances,
determines the frost resistance of plants. The presence of starch in the cane tissues was
visually highlighted by treating the sectioned surface with iodine solution and microscopic
observation of the color change. Starch accumulates mainly in the inner layers of the xylem.
With the decrease in temperatures, the reduction in the starch content is manifested through
the hydrolysis reaction and the amount of sugar increases accordingly [60]. The presence
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of starch was better observed in the PG variety, the stained section being wider and better
defined (Figure 1b), in direct correlation with the chemically determined concentrations.

Regarding the total mineral content, the values varied non-significantly among culti-
vars (3.73–4.02%).

3.2. Determination of the Extraction Parameters

Solid–liquid extraction (SLE) is based on diffusion and osmosis processes and is per-
formed by maceration [61]. SLE is frequently applied due to some important advantages:
simple operation and apparatus required, low cost, possibility of applying various tempera-
tures, stirring or ultrasound that facilitates the solubility and penetration of the solvent [62].
Some disadvantages such as low selectivity, the use of large solvent volumes, or the ne-
cessity of repeated extractions are also mentioned. Accordingly, solvent selectivity can
be solved by purifying the crude extract, while the number of repeated extractions can
be minimized by increasing the initial solid-to-solvent ratio. Moreover, the use of large
volumes of solvent is counteracted by the vacuum concentration of the final extract and
solvent recovery. The extraction yield depends mainly on the type of solvent, extraction
time and temperature, and sample-to-solvent ratio [14]. In order to maximize the polyphe-
nol amount extracted, the main influencing factors of the process were tested (solvent
concentration, temperature, contact time, stirring conditions and ultrasounds application).
Dry PG canes were used for testing the extraction conditions, at a sample-to-solvent ratio
of 1:20 (w/v), as established in preliminary tests (data not shown). Also, previous studies
recommended a similar solid–liquid ratio [59], although several solvent-to-solid ratios have
been proposed. According to the mass transfer principles, an increase in the hydromodule
(solvent-to-solid ratio) improves the diffusion rate in a solid–liquid extraction [63].

3.2.1. Solvent Concentration

Polyphenols are most soluble in organic solvents less polar than water [36]. Thus, the
efficiency of the hydro-alcoholic mixtures is explained by their polarity and their ability to
form hydrogen bonds with phenolic compounds [12]. The choice of the extraction system
was made based on the analyte solubility, the balance of cost, safety and environmental
concerns as previously mentioned by Naviglio et al. [61]. Ethanol is recommended as an
efficient solvent for polyphenol extraction and is generally recognized as safe (GRAS) for
potential application of the extracts in the food or drug fields [64].

Triplicate static solid–liquid extractions with ethanol:water mixtures were applied
for testing the solvent extraction capacity. The efficiency of the extraction systems was
evaluated by the total amount of phenolic compounds extracted from the dry plant material
under similar experimental conditions. A significant increase in the phenolic compound’s
concentration was determined up to an ethanol concentration of 70% (v/v) (19.88 mg
GAE/g d.w.) (Figure 2a).

Increasing the ethanol concentration no longer corresponded to a significant increase in
the total amount of phenolic compounds extracted (+6.8%). Thus, 70% (v/v) ethanol/water
solution was about five times more effective than water in the extraction of phenolic
compounds from grapevine canes, under similar laboratory conditions.

Previous studies have reported various ethanol concentrations that were effective in
the extraction of phenolic compounds from grapevine canes. A 50:50 (v/v) ethanol/water
solvent was used by Moreira et al. [40], 60:40 (v:v) ethanol:water mixture was proposed by
Çetin et al. [59] and Houillé et al. [65], while Ewald et al. [66] reported that an ethanol/water
80:20 (v/v) solution was effective for stilbene extraction (from canes dried in the dark, for up
to 6 months). The use of a 70% ethanol in water concentration (v/v) was also reported [13].
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Figure 2. The influence of ethanol concentrations (0 to 95% v/v, 25 ◦C, 12 h) (a), time of contact (2 to
24 h, in 70% ethanol) (b) and temperature (20 to 60 ◦C, in 70% ethanol) (c) on the total concentration
of phenolic compounds extracted from grapevine canes (Pinot Gris); the three-dimensional surface
chart plot (temperature, time and phenolic compounds concentration) (d) and the relationship
between the total phenolic compounds’ content and antioxidant activity (DPPH%) at different
extraction temperatures (e). Note: TPC—total polyphenolic content; TPI—total polyphenolic index,
evaluated as optical density at 280 nm; GAE—gallic acid equivalent; d.w.—dry weight. Experimental
extractions were performed in the dark, in static conditions, as a single stage extraction (sample-to-
solvent ratio 1:20 w/v). Values are presented as mean results of three independent experiments, with
standard deviations (error bars). * indicates significant differences (p < 0.05; ANOVA test) between
mean amounts of phenolic compounds extracted at various temperatures (on vertical). Different
letters indicate significant differences between the mean values in Duncan’s multiple range test (on
horizontal). The three-dimensional surface chart plot was performed in Microsoft® Excel software.
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3.2.2. Extraction Time

After determining the optimal solvent concentration, the time required for the ex-
traction using 70% (v/v) ethanol as solvent was assessed. Thus, in the first four hours of
maceration (1:20 w/v ratio), in static conditions, at 25 ◦C, over 80% (16.03 mg GAE/g d.w.)
of the phenolic compounds obtained after eight hours was extracted (19.91 mg GAE/g
d.w.) (Figure 2b). However, after eight hours of extraction the concentrations of phenolic
compounds increased non-significantly, the values obtained after 24 h of maceration being
higher by about 5.50% (21.09 mg GAE/g d.w.). It was also observed that an extension of the
extraction time, corresponded to a higher variation in the extracted phenolic compounds’
concentrations (showed as standard deviation).

3.2.3. Temperature

There are only few studies published on the impact of temperature on phenolic
compound extraction from grapevine canes using conventional methods. Theoretically,
under high temperatures, plant tissues are softened and the phenolic compounds can
be more easily extracted into the solvent [67]. At higher temperature, ethanol showed
a higher capacity to solubilize phenolic compounds, with surface tension and solvent
viscosity decreasing with temperature, and improving sample penetration [68]. However,
the ethanol/water mixtures cannot afford to use higher temperatures because the alcohol
boiling point is below 80 ◦C [12]. The kinetics of the phenolic compounds’ extraction
by applying different temperatures is shown in Figure 2c. As expected, increasing the
temperature contributed to a higher extraction yield. Regardless of the applied temperature,
the highest amounts of phenolic compounds were obtained in the first two hours of
extraction (70 to 85%). After this point, the concentrations of phenolic compounds did not
increase significantly with the increase in the extraction time.

The three-dimensional surface chart plot indicated the direct relationship between
temperature, time and the amounts of phenolic compounds extracted (Figure 2d). Thus, a
high extraction yield was achieved in the first hours of the process, at a temperature starting
at 35 ◦C. There is a lack of data regarding the solvent—time—temperature interactions.
According to Naczk and Shahidi [69], a prolonged extraction time at high temperature may
even decrease the extraction yield due to the oxidation and degradation of some phenolic
compounds. After eight hours, the total phenolic compounds content (TPC) varied be-
tween 18.24 mg GAE/g d.w., at 20 ◦C, and 22.09 mg GAE/g d.w., at 60 ◦C (Figure 2e). For
precise observation, in this case, the total phenolic content was estimated both by using the
Folin–Ciocalteu reaction (F–C) and by measuring the absorbance of the extracts at 280 nm.
The F–C reaction is the simplest economic technique for the measurement of phenolic
compounds in foods, herbs, and other plant extracts, and generally provides accurate data
for several groups of phenolic compounds, but is often associated with some limitations
(e.g., participation of protein–tannin complexes or various nitrogen compounds) [50,70–72].
Total polyphenolic index (TPI), determined by measuring absorption at 280 nm, seems
preferable to the F–C test as it presents a number of advantages, including speed and
reproducibility [50]. TPI is based on the characteristic absorption of the benzene cycles
of the majority of phenols in the UV spectrum, at 280 nm. However, certain molecules,
such as cinnamic acids and chalcones, have no absorption maximum at this wavelength,
for this reason, when the conclusion is not clear, the two determinations must be per-
formed in parallel. TPI values of grapevine canes were highly correlated with TPC values
(r2 = 0.9438), but a better correlation was identified between TPI and DPPH scavenging
activity of the extracts (r2 = 0.8816), than between TPC and DPPH scavenging activity
(r2 = 0.8782). DPPH scavenging activity varied significantly between the extracts obtained
at 20 ◦C and at 60 ◦C, higher values being obtained when the extraction was performed at
higher temperatures (Figure 2e). However, between these two extreme temperatures the
DPPH scavenging activity did not increase significantly with the increase in the phenolic
compounds’ concentration.
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3.2.4. Stirring Conditions

The extraction of the phenolic compounds from the ground dry plant material was
improved by introducing a stirring/homogenization step (intermittent or continuous for
2, 4 or 8 h), performed using an orbital platform shaker, at 150 rpm (at 25 ◦C). After the
stirring period, the samples were kept in static conditions until the end of the initially
established time (eight hours), in order to compare the results. The best yield of phenolic
compounds was obtained by intermittent stirring every hour for 20 s (21.61 ± 0.41 mg
GAE/g d.w.) and also by continuous homogenization for eight hours (21.84 ± 0.52 mg
GAE/g d.w.), ensuring a significant increase of about 9% compared to the stationary
extraction (19.84 ± 0.58 mg GAE/g d.w.) (Figure 3a). Considering the energy consumption
and obtained yields, intermittent stirring of the samples during the extraction process (20 s,
every hour) or the continuous stirring of the samples (150 rpm) for a maximum of four
hours may be recommended. The increase in the extraction time under continuous stirring
lead to non-significant increases in the obtained yields.
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Figure 3. The influence of stirring conditions (a) and ultrasound application (b) on the total con-
centration of phenolic compounds extracted from grapevine canes (Pinot Gris). Note: TPC—total
polyphenolic content; GAE—gallic acid equivalent; d.w.—dry weight. Experimental extractions
were performed at 25 ◦C, as a single stage extraction (sample-to-solvent ratio 1:20 w/v). Values
are presented as the mean of three independent experiments, with standard deviations (error bars).
Different letters indicate significant differences in Duncan’s multiple range test (p ≤ 0.05).

3.2.5. Ultrasound Application

Ultrasound application is a simple, inexpensive, fast and efficient operation for ex-
tracting the bioactive compounds from plant materials [73]. The process is based on the use
of sound waves, usually in a range of 20 to 100 kHz, that pass through a liquid medium,
facilitating the extraction of bioactive compounds from the plant matrix [74]. Triplicate
samples of dried ground grapevine canes in 70% (v/v) ethanol solution, in similar exper-
imental conditions (25 ◦C; solid-to-solvent ratio 1:20 w/v; single stage extraction), were
sonicated (42 KHz) for 3 to 15 min. The control was performed under conventional condi-
tions (8 h, in static). The amount of total phenolic compounds (TPC) extracted from the
plant material increased with the extension of sonication time, but from the statistical point
of view, after 6 min of ultrasound application, the concentrations of useful compounds
increased non-significantly (+6.9%) (Figure 3b). The most important increase in TPC was
observed between minutes 3 and 6, when the values increased from 20.09 to 21.94 mg
GAE/g d.w. (+8.4%). Comparing the two extraction processes, stirring and ultrasound
application, it was observed that the intermittent homogenization of the extraction mixture
for eight hours (20 s each hour, 150 rpm) was equivalent to 6 min of sample sonication at
42 kHz. One of the two processes can be used for the extraction of phenolic compounds
from dried ground grapevine canes, depending on the requirements and infrastructure of
the research laboratories.
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3.3. Obtaining the Crude and Purified Polyphenolic Extracts

Considering the preliminary results, the extraction of the phenolic compounds from the
canes of three V. vinifera L. cultivars (Sauvignon Blanc, Pinot Gris and Cabernet Sauvignon)
was initiated. Thus, according to the obtained data, the ground plant material (10 g)
was extracted with a 70% (v/v) ethanol aqueous solution (solid–liquid extraction), 4 h at
35 ◦C, after an ultrasound pretreatment of 6 min (42 kHz). Three extraction stages were
performed, by recovering the solid after centrifugation and collection of the supernatants,
the final ratio between plant material and solvent reached 1:20 (w/v). In the first stage
about 72% of the total phenolic compounds were extracted (Figure 4a). The other two
stages of extraction helped to exhaust the vegetal material in polyphenolic compounds,
with a yield of about 6% being obtained in the last phase. A very low standard deviation
(±1%) between the percentages obtained for the three different grapevine cultivars in each
stage was highlighted, indicating the high repeatability and the possibility of using the
method for different grapevine cultivars.
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TPC of the cumulated fractions (crude extract) varied significantly depending on the
cultivar, with values between 25.37 ± 0.56 (Cabernet Sauvignon) and 30.73 ± 0.64 (Pinot
Gris) mg GAE/g d.w. (Figure 4b). Cabernet Sauvignon canes crude extracts (CS-CE)
showed a lower non-flavonoid content, of 7.85 mg GAE/g d.w., while the highest content
of non-flavonoids was recorded in the canes of the Pinot Gris cultivar (10.44 mg GAE/mg
d.w.). Also, the canes of the Pinot Gris cultivar showed the highest content of flavonoid
phenolic compounds (20.29 mg GAE/mg d.w.).

Similar concentrations of phenolic compounds in grapevine canes have been reported
by other authors. Using an 80% (v/v) ethanol solution, Noviello et al. [6] reported a total
phenolic content between 14.70 ± 0.20 and 36.90 ± 2.20 mg GAE/g d.w. in the canes
of 23 grapevine cultivars from Italy, with no correlation with grape color (white or red)
or the direction of production (wine or table grapes). Similar TPC values were reported
by Çetin et al. [59], in grapevine canes of ten Turkish cultivars (from 25.36 ± 1.62 to
36.56 ± 2.67 mg GAE/g d.w.), by using a 60% ethanol aqueous solution for the extraction
of the phenolic compounds.

Due to the large number of structurally similar compounds in the plant material, anal-
ysis of individual polyphenolics is relatively difficult and complicated. Various amounts of
interfering material can be extracted together with the phenolic compounds, a purification
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step often being required to eliminate the fractions that may interfere with the analysis. A
total of 100 mL of each crude extract was concentrated to dryness, redissolved in 0.01% HCl
(v/v) in distilled water and used for further purification. Phenolic compounds were ad-
sorbed onto the C-18 preconditioned C-18 SPE mini-column, while sugars, acids and other
water-soluble compounds were removed by washing the cartridge with 0.01% HCl (v/v)
in distilled water. The purified extracts (PE) were obtained by the elution of the cartridge
sorbent with 96% ethanol. Reported against the initial solid plant material (dry weight),
it was observed that the total concentrations of phenolic compounds were lower after the
purification procedure. The highest differences were found in the Pinot Gris cultivar canes
(−6%), the class of non-flavonoid compounds being more affected (Figure 4b). In the case
of purified extracts, the total flavonoid content varied between 17.39 (Cabernet Sauvignon)
and 20.40 (Pinot Gris) mg GAE/g d.w., while the non-flavonoids showed concentration
from 6.75 to 8.45 mg GAE/g d.w.

The presence of proteins in the crude extracts was highlighted by the Biuret reaction.
A light purplish-violet coloration was produced for all samples, indicating the complex
formation between the cupric ions and the peptide bond. According to Shen [75] the
Biuret reaction is independent of the protein composition, but protein association state
may influence the results obtained with the Biuret reagent. The purification step led to the
elimination of protein-type interferences; a fact highlighted by the lack of coloration in the
purified extracts (image not shown).

3.4. Chlorophyll and Carotenoid Content

Most woody plant parts possess, under the peridermic or rhytidome outer layers,
pale-green tissues (chlorenchyma) containing assimilatory pigments [76]. Chlorophyll and
carotenoid pigments are essential compounds in light energy conversion, being found in the
highest amounts in leaves and green shoots. In woody canes the photosynthetic pigments
(chlorophyll a and b and total carotenoids) were found in very low concentrations. The
absorbance in the visible spectrum (400–800 nm) of the crude ethanolic extracts is shown in
Figure 5, the specific wavelengths for the analyzed compounds being marked.
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Figure 5. Absorption spectra of Vitis vinifera L. cultivars cane ethanolic (96% v/v) extracts. Blue
line—Sauvignon Blanc; red line—Cabernet Sauvignon; green line—Pinot Gris; yellow line—a mixture
of plant extracts (as control).

Chlorophyll a (Chl a) was determined in the highest concentrations, between
53.84 ± 0.42 (Pinot Gris) and 58.03 ± 0.57 (Sauvignon Blanc) µg/g d.w., followed by total
carotenoid content (Table 2).

The concentrations of assimilatory pigments, the chlorophyll a/chlorophyll b ratio and
chlorophyll/carotenoids ratio varied significantly depending on the cultivar. It is known
that, in grapevine leaves, the variation in chlorophyll a/b and chlorophyll/carotenoids
ratios is an indicator of senescence, stress and damage to the photosynthetic apparatus [41],
but little is known about the role and implication of the residual amounts of photosynthetic
pigment in the woody grapevine canes, further studies being necessary.
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Table 2. Chlorophyll and carotenoid content of dry grapevine canes.

Parameter
Grapevine cultivar

Sauvignon Blanc Pinot Gris Cabernet Sauvignon

Chl a (µg/g d.w.) 58.03 ± 0.57 a 53.84 ± 0.42 c 56.41 ± 0.38 b

Chl b (µg/g d.w.) 16.12 ± 0.19 c 16.79 ± 0.14 b 17.15 ± 0.22 a

Car (x + c) (µg/g d.w.) 27.71 ± 0.21 a 22.97 ± 0.26 c 24.63 ± 0.41 b

Chl a/b 3.60 ± 0.04 a 3.21 ± 0.02 c 3.29 ± 0.02 b

Chl/Car 2.68 ± 0.03 c 3.08 ± 0.01 a 2.99 ± 0.03 b
Note: Chl—chlorophyll; Car (x + c)—carotenoids (xanthophylls and carotenes). Mean values with standard
deviation (±). Different letters indicate significant differences in Duncan’s multiple range test.

3.5. HPLC-PDA Polyphenolic Profile

The chromatographic analysis of the purified polyphenolic extracts of grapevine
canes highlighted the presence in higher concentrations of seven compounds, belonging
to the classes of phenolic acids (4-hydroxybenzoic acid, coumaric acid and sinapic acid),
flavan-3-ols (catechin and epicatechin), stilbenes (resveratrol) and flavonols (quercetin)
(Figure 6).
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Grapevine canes contained high amounts of resveratrol, the concentrations varying
significantly between red-black grape cultivars and white grape cultivars. The highest
amount of resveratrol was found in the canes of Cabernet Sauvignon (425.60 µg/g d.w.),
closely followed by Pinot Gris cultivar (419.01 µg/g d.w.) (Table 3). Catechin and epicat-
echin are isomeric flavonoids with proven anti-cancer, anti-inflammatory and anti-viral
properties, mainly related to their high number of hydroxyl groups [77]. After resveratrol,
catechin (273.50–334.58 µg/g d.w.) and epicatechin (169.91–271.41 µg/g d.w.) were the
most abundant phenolic compounds in the V. vinifera L. canes. Catechin was found in
higher quantity in the canes of Pinot Gris, while epicatechin was in higher concentrations
in the canes of the Sauvignon Blanc cultivar. In the case of the flavonoid quercetin, the
highest amounts were determined in the dry canes of the Sauvignon Blanc and Cabernet
Sauvignon cultivars (72–77 µg/g d.w.).

Phenolic acids were found in the lowest concentrations (<12 µg/g d.w.). Sinapic acid, a
hydroxycinnamic acid derivative, was detected only in the extracts of the Sauvignon Blanc
cultivar (11.98 µg/g d.w.). Summing the individual amounts of polyphenols, a significantly
higher value was registered in the case of Pinot Gris cv. (1001.93 µg/g d.w.).

In the last years, phenolic compounds from grapevine canes were intensively studied,
the phenolic profile composition and the concentrations of individual compounds varying
significantly depending on the genetic factor (species and cultivar), the growing area,
harvest year or the extraction method [16,29,78–80]. Lower concentrations of resveratrol
were reported by Nèmeth et al. [79] in canes of Cabernet Sauvignon (6.70–39.10 µg/g f.w.)
and Italian Riesling (11.60–207.9 µg/g f.w.) cultivars growing in Hungary. Much higher
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levels of resveratrol (up to 4.99 mg/g) were reported by Tříska et al. [81] in the canes of Vitis
vinifera L. cultivars from the Czech Republic, while Lambert et al. [78] also found higher
concentrations of resveratrol in the canes of Pinot noir (1526 ± 293 µg/g d.w.) and Merlot
(1181 ± 189 µg/g d.w.) cultivars growing in France, and significantly lower concentration
in the canes of the Chardonnay cultivar (190 ± 87 µg/g d.w.), with an average level for all
the cultivars of 791 µg/g d.w.

Table 3. Individual concentration of the most abundant phenolic compounds identified in grapevine
canes’ purified extracts.

Phenolic compounds
(µg/g d.w.)

Cultivar

Sauvignon Blanc Pinot Gris Cabernet
Sauvignon

4-hydroxybenzoic acid 1.50 ± 0.09 b 5.68 ± 0.41 a 6.34 ± 0.30 a

Catechin 321.11 ± 2.07 b 334.58 ± 2.72 a 273.50 ± 2.17 c

Coumaric acid 2.69 ± 0.32 b 10.18 ± 1.54 a 9.13 ± 0.64 a

Epicatechin 271.41 ± 4.21 a 177.99 ± 4.08 b 169.91 ± 4.25 b

Sinapic acid 11.68 ± 1.25 n.d. n.d.

Resveratrol 282.19 ± 4.14 b 419.01 ± 4.10 a 425.60 ± 5.98 a

Quercetin 77.99 ± 2.50 a 54.49 ± 4.02 b 72.75 ± 2.96 a

Sum of individual polyphenols 968.57 ± 14.58 b 1001.93 ± 19.93 a 957.23 ± 16.87 b
Note: Values are presented as the mean of three determinations (n = 3), with standard deviations (±). n.d.—not
detected. Different letters indicate significant differences in Duncan’s multiple range test (p ≤ 0.05).

When comparing the values, it should also be considered that high concentrations
of resveratrol can also appear as a response of plants to diseases or injury stresses [40],
stilbenes acting as phytoalexins protecting plants against aggression of pathogenic microor-
ganisms [82].

The presence of phenolic acids, including 4-hydroxybenzoic acid, coumaric acid and
sinapic acid in the phenolic profile of the grapevine canes was also reported by several
authors [18,29,40,59,83–85], their concentration varying widely depending on the cultivar
and the extraction method. Slightly higher concentrations of catechin and epicatechin were
usually reported in grapevine canes, ranging between 204 and 326 µg/g d.w. for epicatechin
and between 1150 and 2890 µg/g d.w. for catechin in the canes of some grapevine cultivars
from Portugal, extracted using subcritical water [84], and up to 4900 µg/g d.w. in the
acetonitrile fraction of V. vinifera L. cultivar canes from Italy [86].

3.6. Antioxidant and Antiradical Potential

Although other waste from the winemaking industry (pomace, seeds, stems, etc.)
have often been tested for their antioxidant and antiradical activities, very few studies
have been carried out to evaluate the biologically active properties of grapevine canes.
Previous research concluded that extractions with aqueous alcoholic mixtures contribute
to the increase in antioxidant capacity, the presence of water facilitating the release of
some hydrophilic antioxidants [67,87]. In traditional medicine whole plants or mixtures of
plants are usually used, with crude extracts often showing a higher biological activity than
isolated constituents at an equivalent dose [88]. Thus, both crude and purified extracts
of grapevine canes were tested for their antioxidant and antiradical activities. In order to
compare the results with those obtained for the standard antioxidant compounds (gallic
acid and ascorbic acid), all samples were prepared and tested in similar concentrations
(0–100 ug/mL). According to Burlakova et al. [89], the antiradical activity characterizes the
ability of compounds to react with free radicals, while antioxidant activity represents the
ability to inhibit the process of oxidation. Also, reductive capabilities of plant extracts can
serve as an indicator of their potential antioxidant activity [38].
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3.6.1. DPPH Scavenging Activity

The DPPH (2,2-diphenyl-1-picryl-hydrazyl) assay is one of the most common proce-
dures used to evaluate the free radical scavenging activity of various compounds or plant
extracts, due to its practical significance, affordability, simplicity and reproducibility [90].
In the DPPH radical-scavenging assay, antioxidants react with DPPH, and convert it to the
yellow-colored diphenyl picrylhydrazine. The color fading and decrease in absorbance
at 517 nm are directly correlated with the scavenging power of the tested extracts [91].
The DPPH scavenging effect of the grapevine cane extracts and standard antioxidants
were plotted on a graph in relation to the cultivar and extract concentration (Figure 7a).
Grapevine cane crude and purified extracts showed a dose-dependent antioxidant activity
against DPPH (%) (r2 = 0.9640–0.9897). However, the crude extracts of all three cultivars,
regardless of the concentration, presented a lower DPPH scavenging activity compared to
the purified polyphenolic extracts. Thus, at a concentration of 60 µg/mL, the values were
up to 60% higher for the purified extracts. Also, for all tested concentrations, the DPPH
scavenging capacity of the crude extracts showed a non-significant variation between
cultivars (<20%). However, the highest antioxidant capacity was shown by the crude and
purified extracts of the Pinot Gris cultivar.
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Figure 7. DPPH scavenging activity (a), phosphomolybdate scavenging capacity (b), ferric reducing
power (c) and phenanthroline reduction (d) of crude and purified ethanolic extracts of V. vinifera L.
dried canes and positive controls (gallic acid and ascorbic acid) (0–100 µg/mL). Note: DPPH—2,2-
diphenyl-1-picryl-hydrazyl free radical; SB-CE—Sauvignon Blanc-crude extract; PG-CE—Pinot Gris-
crude extract; CS-CE—Cabernet Sauvignon-crude extract; SB-PE—Sauvignon Blanc-purified extract;
PG-PE—Pinot Gris-purified extract; CS-PE—Cabernet Sauvignon-crude extract. Values are presented
as mean of three determinations (n = 3), with standard deviations (error bars).



Horticulturae 2023, 9, 1164 18 of 29

The antioxidant activity of the highest concentration tested (100 µg/mL) was also
expressed as ascorbic acid equivalents (AAE) by interpolation from the linear regression
analysis, in order to evaluate the relationship between the scavenging power of the cane
extracts and standard antioxidants. Thus, at 100 µg/mL, the purified polyphenolic extracts
of the Pinot Gris cultivar showed the highest DPPH scavenging activity (47.60 ± 2.15%
scavenged DPPH, respectively, 64.92 ± 1.36 µg AAE/mL) (Figures 7a and 8a).
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Figure 8. Ascorbic acid equivalent (AAE) of antioxidant/antiradical activity of the extracts at the
highest tested concentration (100 µg/mL) (a); and IC 50 values (for DPPH scavenging activity)
and effective concentration at which the absorbance was 0.5 (secondary axis; for ferric reducing
power, phenantroline and phosphomolybdenum assays) (b). Note: DPPH—2,2-diphenyl-1-picryl-
hydrazyl free radical; SB-CE—Sauvignon Blanc-crude extract; PG-CE—Pinot Gris-crude extract;
CS-CE—Cabernet Sauvignon-crude extract; SB-PE—Sauvignon Blanc-purified extract; PG-PE—Pinot
Gris-purified extract; CS-PE—Cabernet Sauvignon-crude extract. Values are presented as the mean of
three experiments (n = 3), with standard deviations (error bars). Different letters indicate significant
differences in Duncan’s multiple range test (p ≤ 0.05).

The IC50s, as the concentration of extract required to scavenge 50% of the initial DPPH
free radical, showed significantly lower values for the purified cane ethanolic extracts
(97.65–113.05 µg/mL) (Figure 8b). The lower the IC50 value, the more potent was the sub-
stance in scavenging DPPH, indicating a higher antioxidant activity [92]. The IC50 values
varied significantly between the cultivars and type of extract, but also compared to the
standard antioxidant compounds, gallic acid showing the lowest values. Zhang et al. [38]
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reported IC50 values between 44.00 and 60.88 µg/mL for the cane ethanolic extracts of
three French Vitis vinifera L. wine cultivars, directly correlated with the phenolic content of
the samples.

3.6.2. Phosphomolybdenum Assay

The phosphomolybdenum assay was used to evaluate the total antioxidant capacity of
the grapevine cane extracts. The basic principle involves the reduction of Mo (VI) to Mo (V)
by the tested plant extracts. The total antioxidant activity was expressed as the absorbance
of the sample at 695 nm, a higher absorbance value indicating higher antioxidant activ-
ity [93]. The cane extracts showed a total antioxidant capacity that gradually increased with
the increase in extract concentration (Figure 7b). The purified extracts showed a higher
antioxidant activity compared to the crude extracts, by up to 77%. However, gallic acid
showed the highest antioxidant activity in the phosphomolybdenum assay. It should be
noted that the purified extract of Pinot Gris canes presented a higher activity compared
to ascorbic acid, even at very low concentrations. At 100 µg/mL, the phosphomolybde-
num assay indicated significant differences between the crude (0.109–0.138) and purified
(0.476–0.565) cane extracts.

Equating in ascorbic acid equivalents (AAE), the purified extract of Pinot Gris canes
showed the highest value among the tested extracts (104.72 ± 0.73 µg/mL), followed by
the purified extracts of Sauvignon Blanc (90.19 ± 0.61 µg/mL) and Cabernet Sauvignon
(87.92 ± 1.33 µg/mL) (Figure 8a). The IC50 values (µg extract/mL) as the effective con-
centration at which the absorbance at 695 nm reached 0.5, was calculated by interpolation
from the linear regression analysis. For the crude extracts, the effective concentration was
high, varying significantly between cultivars; the highest antioxidant activity (the lowest
IC50 value) being obtained for the Pinot Gris cultivar (PG-CE; 367.62 ± 3.01 µg/mL),
which was about four times higher compared to the purified extract of the same cultivar
(82.36 ± 3.24 µg/mL) (Figure 8b).

As far as we have found, there are no studies that evaluate the antioxidant ac-
tivity of grapevine canes by the phosphomolybdenum assay, although several plant
sources have been evaluated. Thus, Moonmun et al. [46], reported IC50 values between
125.77 and 178.79 µg/mL for the ethanolic extracts of Heliconia rostrata rhizomes, while
Kaushik et al. [94] calculated an IC50 of 435.70 µg/mL for a polyherbal methanolic extract.

3.6.3. Ferric Reducing Power

In the ferric reducing assay, the compounds which exhibit a reduction potential react
with potassium ferricyanide (Fe3+) to form potassium ferrocyanide (Fe2+), which reacts
further with ferric chloride to form a ferric ferrous complex (pale green to blue color) that
has an absorption maximum at 700 nm [95]. The increase in the absorbance of the reaction
mixture indicates a higher antioxidant activity in the samples. All ethanolic extracts were
capable of reducing Fe3+ in a linear dose-dependent model (Figure 7c). Gallic acid, as
standard, showed the highest ferric reducing power. Also, the purified extracts exhibited a
higher reducing activity, which increased with the extract concentration. At 100 µg/mL the
purified extracts showed an absorbance that varied between 0.597 ± 0.050 (Cabernet Sauvi-
gnon) and 0.635 ± 0.065 (Sauvignon Blanc), similar to that of ascorbic acid (0.589 ± 0.041).
Half maximal effective concentrations, such as the effective concentration at which the
absorbance was 0.5, were significantly higher for the crude extracts (357.14–416.42 µg/mL),
while for the purified extracts the values did not exceed 85 µg/mL, showing a stronger
ferric reducing ability (Figure 8b).

3.6.4. Phenanthroline Assay

The phenanthroline assay is based on the reduction of the Fe3+ ion to the Fe2+ ion by an
antioxidant, the formed Fe2+ ion reacting with ortho-phenanthroline to form a red-orange
complex measured at 510 nm [96]. The relationship between the extract concentration and
the absorbance of the reaction mixtures is plotted in Figure 7d. Both the crude and purified



Horticulturae 2023, 9, 1164 20 of 29

extracts showed lower values compared to the standard compounds (gallic and ascorbic
acids). Among the tested samples, the highest absorbance was recorded in the case of
the purified extracts of the Pinot Gris canes. At the highest extract concentration tested
(100 µg/mL), the equivalence in ascorbic acid indicated an antioxidant activity that was
78% higher for the purified polyphenolic extracts (43.21–46.25 µg AAE/mL), compared to
the crude extracts (4.91–5.76 µg AAE/mL) (Figure 8a). The IC50, calculated as the effective
concentration at which the absorbance was 0.5, showed a significantly lower value in the
case of the Pinot Gris purified extract, 60.00 ± 1.74 µg/mL, while for ascorbic acid the
absorbance of 0.5 was reached at a concentration of 27.94 ± 1.21 µg/mL and for gallic acid
at 14.11 ± 0.94 µg/mL (Figure 8b).

3.6.5. Antioxidant/Antiradical Activity and Phenolic Compounds’ Correlation

Lower IC50 values indicate higher radical-scavenging power of the extracts. As
shown in Figure 8b, the rank order of IC50 values for the DPPH assays was: gallic acid
(GA) > ascorbic acid (AA) > Pinot Gris purified extract (PG-PE) > Sauvignon Blanc purified
extract (SB-PE) > Cabernet Sauvignon purified extract (CS-PE) > Pinot Gris crude extract
(PG-CE) > Sauvignon Blanc crude extract (SB-CE) > Cabernet Sauvignon crude extract
(CS-CE). For the phosphomolybdenum antioxidant assay the order was modified as follows:
GA > PG-PE > AA > SB-PE > CS-PE > PG-CE > CS-CE > SB-CE. Ferric reducing power
highlighted again the antiradical power of the purified extracts: GA > SB-PE > CS-PE > AA
> PG-PE > PG-CE > SB-CE > CS-CE. The effective concentration at which the absorbance
was 0.5 in the phenanthroline assay indicated a different order in the extract antiradical
capacity, respectively: GA > AA > SB-PE > CS-PE > PG-PE > PG-CE > SB-CE > CS-CE.

Data correlation (Pearson correlation coefficient r) showed that the IC50 values of the
grapevine cane extracts were inversely correlated with their total phenolic, flavonoid and
non-flavonoid contents, both in the case of crude and purified extracts (Table 4). Normally,
a higher content of phenolic compounds in the extract corresponded to lower IC50 values.
Thus, TPC was inversely correlated with IC50 values of DPPH scavenging activity of crude
(r = −0.9689) and purified extracts (r = −0.9831), with the efficient concentration of purified
extracts in the ferric reducing power assay (r = −0.9689), with the efficient concentra-
tion of crude extracts (r = −0.9866) in the phenanthroline reduction assay, and with the
efficient concentration of crude (r =−0.9887) and purified (r =−0.9883) extracts in the phos-
phomolybdenum assay, supporting the former statement on the contribution of phenolic
compounds in the antioxidant and antiradical activities of grape cane extracts. A similar
trend was registered in the case of the correlation of the two main groups of phenolic com-
pounds (flavonoids and non-flavonoids) with the IC50 values of antioxidant/antiradical
activity (Table 4).

Table 4. Correlation coefficients between the antioxidant/antiradical capacity (as IC50) of the
grapevine canes’ crude and purified extracts and their phenolic content.

Phenolic
Group

DPPH FRP PR PA

CE PE CE PE CE PE CE PE

TPC −0.9689 −0.9831 0.4877 −0.9630 −0.9866 −0.2506 −0.9887 −0.9883

Fl. −0.9670 −0.9862 0.4946 −0.9676 −0.9878 −0.2676 −0.9899 −0.9854

Nfl. −0.9724 −0.9794 0.4754 −0.9577 −0.9842 −0.2322 −0.9865 −0.9910

∑HPLC - −0.9703 - 0.4827 - −0.9856 - −0.9878

Note: CE—crude extracts; PE—purified extracts; DPPH—2,2-diphenyl-1-picryl-hydrazyl free radical scavenging
activity; FRP—Ferric reducing power; PR—phenanthroline reduction assay; PA—phosphomolybdenum assay;
TPC—total phenolic compounds; Fl.—flavonoids; Nfl.—non-flavonoids; ∑HPLC—sum of individual polyphenols
determined by HPLC analysis.

Regarding the correlation of the sum of individual phenolic compounds determined
by HLPC with the values of the half maximal inhibitory concentration, it was observed
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that high phenolic contents were correlated with lower IC50 values (Table 4). According
to the correlations, catechin contributed most to the antioxidant activity of the extracts
(DPPH; r = −0.9410), while high concentrations of epicatechin, quercetin and sinapic acid
were correlated with a high antiradical activity (FRP; r = −0.8218 to −0.9558). The results
indicate that phenolic compounds of grapevine canes are important constituents that have
the ability to scavenge the free radicals. These results are consistent with those reported by
Zhang et al. [38] and Ju et al. [16] for various grapevine cultivar cane extracts, highlighting
the relationships between the phenolic content and the antioxidant/antiradical activities.

3.7. Antibacterial Susceptibility Testing

Resistance to antimicrobial products is a global health crisis and a serious threat
to the health of the population, considering that there are bacterial strains that have
acquired resistance to almost all antibiotics. Therefore, the identification of new antibacterial
agents is a continuous process that is necessary to overcome resistant bacteria [97]. Disk
diffusion susceptibility testing is a standardized technique widely used for antibacterial
compounds in routine clinical microbiology laboratories [98]. If tested plant extracts are
microbiologically active, an inhibition zone develops around the filter paper disk after
incubation, whose diameter indicates the antimicrobial potency of the extracts [99]. In our
studies, bacterial strains of E. coli (G−) and S. aureus (G+) were used to test the antimicrobial
activity of grapevine cane crude and purified extracts (10–100 mg/mL). Cultures were
grown aerobically for 24 h at 37 ◦C, and the antibacterial capacity was calculated as the
mean zone of inhibition (mm). DMSO (5%) and gentamicin (10 µg/mL) were negative and
positive controls, respectively.

The diameters of the inhibition zones were small but increased along with the extract
concentration. The best results were obtained in the case of purified extracts, for both
S. aureus (Figure 9a) and E. coli (Figure 9b). According to Koh et al. [100] a purified extract
with improved bioactivity is highly desirable, to reach an effective dose range in a practical
dosage, the purification often being associated with the removal of highly extractable but
biologically inactive polysaccharides.

For S. aureus, at the highest concentration of extract (100 mg/mL), the diameter of
the inhibition zone varied significantly between the crude (2.20–2.40 mm) and purified
(3.40–4.10 mm) polyphenolic extracts. In the case of the Gram-negative bacteria (E. coli),
although at 100 mg/mL the crude extracts showed a slightly higher activity (2.40–2.50 mm)
compared to S. aureus, the purified polyphenol extracts induced smaller zones of inhibition
(3.20–3.80 mm) than in the case of the Gram-positive bacteria.

The better action of the polyphenolic extracts against the Gram-positive bacteria is
not surprising, considering their distinctive structure. Due to its peptidoglycan cell wall,
surrounded by an outer lipopolysaccharide membrane, Gram-negative bacteria are more
resistant to antibacterial compounds than Gram-positive bacteria [97,101].

The purified extract of the Pinot Gris canes (PG-PE) induced the largest zone of
inhibition for both S. aureus (Figure 9a) and E. coli (Figure 9b), with higher values in the
case of the Gram-positive bacteria (>4 mm). A similar situation was also observed in
the case of the purified extracts from the canes of Sauvignon Blanc (SB-PE) and Cabernet
Sauvignon (CS-PE) cultivars, however, the values were significantly lower compared to
purified extract of Pinot Gris (PG-PE) canes. The inhibition zones obtained for different
concentrations of purified extract can be observed in Figure 10a,b.

MIC values were high, varying within small limits between cultivars. S. aureus proved
to be more sensitive to the action of the cane extracts compared to the Gram-negative
bacteria E. coli. Both in the case of E. coli (70 mg/mL) and S. aureus (60 mg/mL) the purified
polyphenolic extracts showed lower MIC values (Table 5).
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Note: SB-CE—Sauvignon Blanc-crude extract; PG-CE—Pinot Gris-crude extract; CS-CE—Cabernet
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Table 5. MIC, MBC and MIC index of grapevine cane crude and purified extracts on S. aureus and
E. coli bacteria.

Sample Staphylococcus aureus Escherichia coli

MIC (mg/mL) MBC (mg/mL) MIC Index MIC (mg/mL) MBC (mg/mL) MIC Index

SB-CE 80 ± 0 110 ± 0 1.38 90 ± 0 120 ± 0 1.33

PG-CE 80 ± 0 100 ± 0 1.25 90 ± 0 110 ± 0 1.22

CS-CE 80 ± 0 110 ± 0 1.38 100 ± 0 120 ± 0 1.20

SB-PE 60 ± 0 100 ± 0 1.67 70 ± 0 110 ± 0 1.57

PG-PE 60 ± 0 90 ± 0 1.50 70 ± 0 100 ± 0 1.43

CS-PE 60 ± 0 100 ± 0 1.67 70 ± 0 120 ± 0 1.71

Note: MIC—Minimum inhibitory concentration; MBC—minimum bactericidal concentration; MIC index—
MBC/MIC ratio; SB-CE—Sauvignon Blanc—crude extract; PG-CE—Pinot Gris—crude extract; CS-CE—Cabernet
Sauvignon—crude extract; SB-PE—Sauvignon Blanc-purified extract; PG-PE—Pinot Gris—purified extract; CS-
PE—Cabernet Sauvignon-crude extract. Mean values of three independent experiments (n = 3), with standard
deviation (±).

MBC, as the lowest extract concentration that prevents the growth of bacteria, varied
within much wider limits depending on the type of extract. In the case of the crude
extracts (CE) both microorganisms were inhibited at high concentration between 100 and
120 mg/mL. The use of purified extracts led to a lowering in MBC, the values varying
between 90 and 100 mg/mL for S. aureus and up to 120 mg/mL for the E. coli strain.

Antibacterial susceptibility was also represented according to the MBC/MIC ratio as
the MIC index. If the ratio MBC/MIC ≤ 4, the effect is considered bactericidal, while at
a ratio MBC/MIC > 4, the effect is considered bacteriostatic [56]. Taking into account
the values of this ratio, all extracts showed a bactericidal effect on the tested strains
(MIC index < 4) (Table 5).

Several authors demonstrated the antimicrobial activity of some plant extracts on
the two bacterial species, MIC values varying, depending on the polyphenol composition,
from 7–50 mg/mL [102–104], to values over 300 mg/mL [105]. Despite the increased
interest in recent years in the utilization of natural products with antimicrobial effects,
information concerning the antimicrobial activity of grapevine cane extracts is still scarce.
Gullón et al. [106] evaluated the antimicrobial activity of extracts from the grapevine shoot
liquors against several microorganisms associated with spoilage of food products, reporting
MIC values ranging from 5 to 20 mg/mL. Also, Moreira et al. [40] demonstrated that
grapevine shoot extracts (microwave-assisted extraction) of two V. vinifera L. cultivars from
Portugal possess antimicrobial activity against bacteria (E. coli and Streptococcus mitis) and
yeasts (Candida albicans), the MIC values being <20 mg/mL.

In the case of microorganisms of oenological interest (yeasts and lactic acid bacteria),
the effect of the grapevine cane extracts (in 5% DMSO) on their development was very
low (<3 mm diameter of the inhibition zone) (Figure 11a,b). However, the antimicrobial
activity against lactic acid bacteria was more effective than against yeast. Unlike pathogenic
bacteria, both yeast (Saccharomyces cerevisiae) and lactic acid bacteria (Oenococcus oeni)
growth were inhibited rather by the high concentrations of crude extracts (1.00–1.50 mm for
S. cerevisiae and 1.80–2.20 mm for O. oeni) (Figure 11a), than by the purified polyphenolic
extracts (0.60–1.00 mm for S. cerevisiae and 0.90–1.10 mm for O. oeni) (Figure 11a). However,
for both yeast and lactic acid bacteria strains, the MIC values were over 120 mg/mL.

Grapevine canes and implicitly, the crude ethanolic extracts, were shown to be rich
in various secondary metabolites [59,107,108]. Even if traditional medicine often uses the
extracts or decoctions from the whole plant or parts of it, the selective extraction and use of
compounds with tested and proven biological value seems preferable. However, further
studies are necessary to elucidate the mechanisms that can underlie the synergistic effect
of grapevine cane polyphenols and different classes of compounds on the growth and
development of microorganisms used in winemaking bioprocesses. Also, additional studies
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are needed to highlight the biological activity of grapevine cane extracts on various strains
of pathogenic microorganisms, in the current context of increasing antibiotic resistance.
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cerevisiae (a) and Oenococcus oeni (b), assessed by measuring the diameter zones of inhibition in mm
(disk-diffusion method). Note: SB-CE—Sauvignon Blanc-crude extract; PG-CE—Pinot Gris-crude
extract; CS-CE—Cabernet Sauvignon-crude extract; SB-PE—Sauvignon Blanc-purified extract; PG-
PE—Pinot Gris-purified extract; CS-PE—Cabernet Sauvignon-crude extract. * indicates significant
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deviation between three independent experiments data (n = 3).

4. Conclusions

Grapevine canes harvested during spring pruning proved to be a valuable source of
carbohydrates, minerals and more importantly, phenolic compounds. The highest yield
of phenolic compounds which maintained their antioxidant activity was obtained when
the ground dry canes (<0.5 mm) were subjected to liquid–solid extraction with 70% (v/v)
ethanol solution, in stationary, for 4 h at 35 ◦C, after a preliminary ultrasound treatment
(6 min., 42 KHz). The highest amounts of phenolic compounds, both flavonoids and
non-flavonoids, were determined to be in the canes of the Pinot Gris cultivar, the first
extraction fraction including about 70% of the total phenolic compounds extracted. Chloro-
phyll and carotenoid pigments were also found, their concentrations and ratios varying
significantly between cultivars. HPLC analysis of the extracts indicates that stilbenes
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(resveratrol), flavan-3-ols (catechin and epicatechin), flavonols (quercetin) and phenolic
acids (4-hydroxybenzoic acid, coumaric acid, sinapic acid) were the main phenolic com-
pounds in the V. vinifera L. cultivar canes. Grapevine canes contained high concentrations
of resveratrol, the values varying significantly between red-black grape cultivars and
the white grape cultivar. The highest amount of resveratrol was found in the canes of
Cabernet Sauvignon and Pinot Gris cultivars. The antioxidant and antiradical activities
of the purified polyphenolic extracts (C-18 SPE cartridge) were higher compared to crude
extracts and showed a higher antimicrobial effect on Gram-negative (Escherichia coli) and
Gram-positive (Staphylococcus aureus) pathogenic bacteria. However, S. aureus proved
to be more sensitive to the action of the cane extracts compared to the Gram-negative
bacterium E. coli. On the contrary, yeast (Saccharomyces cerevisiae) and lactic acid bacteria
(Oenococcus oeni) showed reduced susceptibility to the crude and purified polyphenolic
extracts even at high concentrations. These findings indicate that grapevine canes represent
an accessible and sustainable source of natural bioactive compounds for the food, cosmetic,
and pharmaceutical industries, that are currently insufficiently known and unexploited to
their true functional and economic potential.
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1. Filimon, V.R.; Filimon, R.M.; Patraş, A.; Rotaru, L. Grape quality and ornamental potential of interspecific cultivars for temperate

climate vineyards. J. Hortic. Sci. Biotechnol. 2020, 95, 65–75. [CrossRef]
2. FAO-OIV (Food and Agriculture Organization of the United Nations and International Organisation of Vine and Wine. FAO–OIV

Focus 2016. Table and Dried Grapes. 2016. Available online: https://www.oiv.int/public/medias/4911/fao-oiv-grapes-report-
flyer.pdf (accessed on 4 January 2018).

3. OIV (International Organisation of Vine and Wine). State of the World Vine and Wine Sector 2021. 2022. Available online: https:
//www.oiv.int/sites/default/files/documents/eng-state-of-the-world-vine-and-wine-sector-april-2022-v6_0.pdf (accessed on
11 February 2023).

4. Aliaño-González, M.J.; Gabaston, J.; Ortiz-Somovilla, V.; Cantos-Villar, E. Wood waste from fruit trees: Biomolecules and their
applications in agri-food industry. Biomolecules 2022, 12, 238. [CrossRef] [PubMed]

5. Goldammer, T. Grape Grower’s Handbook: A Guide to Viticulture for Wine Production, 3rd ed.; Apex Publishers: Centreville, VA, USA,
2018; Available online: http://www.wine-grape-growing.com/ (accessed on 12 March 2020).

6. Noviello, M.; Caputi, A.F.; Squeo, G.; Paradiso, V.M.; Gambacorta, G.; Caponio, F. Vine shoots as a source of trans-resveratrol and
ε-viniferin: A study of 23 Italian varieties. Foods 2022, 11, 553. [CrossRef] [PubMed]

7. Sánchez-Gómez, R.; Zalacain, A.; Pardo, F.; Alonso, G.L.; Salinas, M.R. Moscatel vine-shoot extracts as a grapevine biostimulant
to enhance wine quality. Food Res. Int. 2017, 98, 40–49. [CrossRef]

8. Pavela, R.; Waffo-Teguo, P.; Biais, B.; Richard, T.; Mérillon, J.-M. Vitis vinifera canes, a source of stilbenoids against Spodoptera
littoralis larvae. J. Pest Sci. 2017, 90, 961–970. [CrossRef]

9. Cruz, S.; Raposo, R.; Ruiz-Moreno, M.J.; Garde-Cerdán, T.; Puertas, B.; Gonzalo-Diago, A.; Moreno-Rojas, J.M.; Cantos-Villar, E.
Grapevine-shoot stilbene extract as a preservative in white wine. Food Packag. Shelf Life 2018, 18, 164–172. [CrossRef]

10. Cebrián-Tarancón, C.; Fernández-Roldán, F.; Alonso, G.L.; Salinas, R.M. Classification of vine-shoots for use as enological
additives. J. Sci. Food Agric. 2022, 102, 724–731. [CrossRef]

11. Maicas, S.; Mateo, J.J. Sustainability of wine production. Sustainability 2020, 12, 559. [CrossRef]

https://doi.org/10.1080/14620316.2019.1631127
https://www.oiv.int/public/medias/4911/fao-oiv-grapes-report-flyer.pdf
https://www.oiv.int/public/medias/4911/fao-oiv-grapes-report-flyer.pdf
https://www.oiv.int/sites/default/files/documents/eng-state-of-the-world-vine-and-wine-sector-april-2022-v6_0.pdf
https://www.oiv.int/sites/default/files/documents/eng-state-of-the-world-vine-and-wine-sector-april-2022-v6_0.pdf
https://doi.org/10.3390/biom12020238
https://www.ncbi.nlm.nih.gov/pubmed/35204739
http://www.wine-grape-growing.com/
https://doi.org/10.3390/foods11040553
https://www.ncbi.nlm.nih.gov/pubmed/35206030
https://doi.org/10.1016/j.foodres.2017.01.004
https://doi.org/10.1007/s10340-017-0836-1
https://doi.org/10.1016/j.fpsl.2018.10.008
https://doi.org/10.1002/jsfa.11403
https://doi.org/10.3390/su12020559


Horticulturae 2023, 9, 1164 26 of 29

12. Zwingelstein, M.; Draye, M.; Besombes, J.L.; Piot, C.; Chatel, G. Viticultural wood waste as a source of polyphenols of interest:
Opportunities and perspectives through conventional and emerging extraction methods. Waste Manag. 2020, 102, 782–794.
[CrossRef]

13. Bagchi, D.; Swaroop, A.; Preuss, H.G.; Bagchi, M. Free radical scavenging, antioxidant and cancer chemoprevention by grape
seed proanthocyanidin: An overview. Mutat. Res. Fundam. Mol. Mech. Mutagen. 2014, 768, 69–73. [CrossRef]

14. Kiskova, T.; Kubatka, P.; Büsselberg, D.; Kassayova, M. The plant-derived compound resveratrol in brain cancer: A review.
Biomolecules 2020, 10, 161. [CrossRef] [PubMed]

15. Kubyshkin, A.; Shevandova, A.; Petrenko, V.; Fomochkina, I.; Sorokina, L.; Kucherenko, A.; Gordienko, A.; Khimich, N.;
Zyablitskaya, E.; Makalish, T.; et al. Anti-inflammatory and antidiabetic effects of grape-derived stilbene concentrate in the
experimental metabolic syndrome. J. Diabetes Metab. Disord. 2020, 19, 1205–1214. [CrossRef] [PubMed]

16. Ferreyra, S.; Bottini, R.; Fontana, A. Background and perspectives on the utilization of canes’ and bunch stems’ residues from
wine industry as sources of bioactive phenolic compounds. J. Agric. Food Chem. 2023, 71, 8699–8730. [CrossRef] [PubMed]

17. Escobar-Avello, D.; Lozano-Castellón, J.; Mardones, C.; Pérez, A.J.; Saéz, V.; Riquelme, S.; von Baer, D.; Vallverdú-Queralt, A.
Phenolic profile of grape canes: Novel compounds identified by LC-ESI-LTQ-Orbitrap-MS. Molecules 2019, 24, 3763. [CrossRef]

18. Badjah Hadj Ahmed, A.Y.; Wabaidur, S.M.; Siddiqui, M.R.; Alothman, Z.A.; Obeid, M.S.; Khan, M.R.; AL-Tamrah, S.A. Simultane-
ous determination of twenty-five polyphenols in multifloral and cactus honeys using solid-phase extraction and high-performance
liquid chromatography with photodiode array detection. Eur. Food Res. Technol. 2016, 242, 943–952. [CrossRef]

19. Tan, L.; Ji, T.; Jiang, G.; Hu, F. Simultaneous identification and quantification of five flavonoids in the seeds of Rheum palmatum L.
by using accelerated solvent extraction and HPLC–PDA–ESI/MSn. Arab. J. Chem. 2019, 12, 1345–1352. [CrossRef]
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60. Burzo, I.; Dejeu, L.; Şerdinescu, A.; Bădulescu, L. Fiziologia plantelor de cultură. In Fiziologia Viţei de vie [The Physiology of Crop
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