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Abstract: This study aimed to assess the metal content of tannic extracts obtained from grapevine
canes, to evaluate their suitability as wood shavings for direct infusion during the aging process of
alcoholic beverages or vinegars. Traditional barrel aging is a slow and costly process that can be
enhanced through direct infusion of wood chips. Our investigation focused on the pruning materials
of two widely cultivated Lambrusco cultivars in the Modena (Italy) area, Ancellotta and Salamino.
The grapevine chips underwent preliminary heat treatments at temperatures ranging from 120 °C to
260 °C. Tannic extracts were obtained by ethanol maceration at 80 °C for 2 h. The metal composition
was determined using inductively coupled plasma optical emission spectroscopy. Generally, the
metal content increased with the roasting temperature of the chips. Two exceptions were noted in
the Salamino extracts, where the concentrations of Bi and Ni decreased as the roasting temperature
increased. The levels of heavy metal, such as Pb and Cd, were low, posing no toxicity concerns for
using infused grapevine chips during the beverage aging process. The Ni concentration slightly
exceeded the limits imposed by certain regulations. Its content is likely derived from the type of soil
in which the plant has grown.

Keywords: sustainability; grapevine canes; Vitis vinifera; mineral content; ICP-OES; alcoholic
beverages; vinegars

1. Introduction

The circular economy is recognized as a promising solution to address the pressing
challenges posed by the current environmental crisis, as highlighted in the Agenda 2030
for Sustainable Development [1-4]. By embracing the principles of “reduce, reuse, and
recycle”, the circular economy strives to establish a closed-loop system that minimizes
waste and optimizes resource utilization [5,6]. These approaches not only reduce reliance
on virgin natural resources but also enhance product efficiency and contribute to better
quality of life and environmental health.

In this context, the valorization of agricultural residues plays a crucial role in waste
reduction and sustainability promotion [7-13]. Agricultural residues are significant con-
tributors to waste streams, and their improper disposal can have adverse environmental
impacts [14,15]. However, by finding innovative ways to use these materials, a more
sustainable and circular system can be established [10]. Apart from waste reduction, the
valorization of agricultural residues also offers economic benefits, creating new value
streams and job opportunities, and stimulating economic growth [16-18]. Furthermore,
these residues are often inexpensive and abundantly available [19,20].
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The viticulture industry, primarily known for wine production, generates a substantial
amount of organic residue as waste every year [21,22]. According to the Food and Agricul-
ture Organization of the United Nations (FAO) [23], in 2021, the global production of grapes
amounted to approximately 74 million tons, resulting in significant residue generation,
including grapevine canes. Vine pruning, an essential annual agricultural practice aimed
at managing plant growth, optimizing fruit yield, and maintaining vine health, involves
systematic removal of a significant portion of vine canes. This process ensures that the
vines remain productive and balanced. The disposal of large quantities of these organic
residues represents a challenge for the viticulture industry [24]. They are mainly subject
to burning, burying, or abandoning in the field, practices that can have detrimental envi-
ronmental effects and contribute to greenhouse gas emissions and soil degradation [25].
Therefore, alternative solutions that promote the valorization of these residues are urgently
required [26].

Italy is widely recognized as one of the world’s leading producers of wine and
its derivatives, including alcoholic distillates, balsamic vinegar, balsamic sauces, and
other condiments [27]. The country boasts a cultivated vineyard area of approximately
671,000 ha [28], yielding an annual biomass production from pruning that exceeds one
million tons. Consequently, the disposal of substantial amounts of biomass poses significant
challenges. For Italy, this sector is particularly important, as products, such as Lambrusco
wine and Modena balsamic vinegar, have gained recognition worldwide and occupy impor-
tant positions in the market [29,30]. Traditionally, the aging process of alcoholic beverages
and vinegars involves the use of oak barrels to enhance their sensory properties, such as
color, flavor, and aroma [31-33]. However, this approach can be both time-consuming
and expensive, and certain products require several years of aging to achieve optimal
results. Furthermore, the use of oak barrels can have adverse environmental effects, in-
cluding deforestation and the associated carbon footprint resulting from transportation.
In recent years, there has been growing interest in alternative methods to improve the
aging process of alcoholic beverages and vinegars, with the aim of reducing time and cost
while preserving or even enhancing the sensory qualities of the final product [34]. Two
prominent methods include (i) direct infusion of wood chips during the aging process or
(ii) addition of tannic extracts derived from wood [35-37]. Notably, these alternative aging
methods using wood chips have shown promising results, enabling producers to achieve
desirable sensory profiles within a short timeframe. Additionally, the implementation of
these techniques may have potential environmental benefits, as they minimize reliance on
oak barrels and the associated environmental impacts.

The environmental benefits can be further enhanced by utilizing vine pruning as chips,
thereby contributing positively to their disposal and providing them with a new purpose.
Additionally, incorporating these prunings into the aging process can also improve the final
products (i.e., aged beverages). Tannic extracts derived from vine wood contain significant
amounts of antioxidants, such as resveratrol and its derivatives, which can enhance the
nutritional value of aged alcoholic beverages [38-40]. Typically, these extracts are obtained
by macerative extraction in ethanol. Various classes of phenolic compounds can be obtained
from vine shoots by varying grape variety, solvent, contact temperature, and solid particle
size. Most importantly, the composition of the extracted fraction varies depending on the
wood toasting temperature. While scientific evidence regarding the content of resveratrol
and stilbenoids in vine pruning is available, limited information is available regarding
the metal content of their tannic extracts. These data are crucial for assessing safety in
terms of heavy metal content, which can be detrimental to human health, and the potential
presence of essential mineral elements, such as K, Ca, Mg, and Fe. The safety and quality
of the final product can be ensured by exploring the metal content of the tannic extracts
derived from vine pruning. Furthermore, understanding the mineral composition of these
extracts allows for comprehensive evaluation of their potential nutritional benefits in terms
of essential mineral elements.
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This study presents a novel investigation of the potential of vine pruning chips as a
mineral source for the aging of alcoholic beverages and vinegars, focusing on two distinctive
Lambrusco cultivars, Salamino and Ancellotta, which are prevalent in the Modena region
of Italy. All grapevine cane samples were collected following the grape harvest in autumn
2022. We evaluated the effectiveness of different roasting temperatures ranging from 120 to
240 °C, for the pre-treatment of vine pruning chips by considering the extraction yield and
mineral content at different temperatures. Understanding the suitability of vine pruning
chips as a mineral source is of great significance for the beverage industry, as it offers
an alternative and sustainable approach to traditional methods. The utilization of vine
pruning chips not only presents an opportunity for resource optimization but also aligns
with the growing demand for environmentally friendly winemaking practices.

2. Materials and Methods
2.1. Reagents and Standards

Merck ICP standards (As, B, Ba, S) and multi-standards containing 22 elements (Ag,
Al, Bi, Ca, Cd, Co, Cr, Cu, Fe, Ga, In, K, Mg, Mn, Na, Ni, P, Pb, Se, Si, St, Zn), at different
concentrations (10-1000 mg/L) were used to prepare the reference solutions. All mineral
acids and oxidants (HNO3; and H;O,) were of the highest purity (Suprapure, Merck;
Darmstadt, Germany). Ethanol (96%) were obtained from Carlo Erba Reagents (Milano
Italy). Deionized water is produced by a Milli-Q Plus (Millipore system, Merck KGaA,
Darmstadt, Germany).

2.2. Samples Preparation

The woody stems of Vitis vinifera cv. Ancellotta (Anc) and Salamino (Sal) were obtained
from a farm located in the Modena (Italy) district.

The cultivation conditions, including soil, climate, and water, were consistent for both
the cultivars. In order to minimize potential contamination from pesticides and herbicides,
the analysis focused solely on the internal parts of the grapevine canes. Pesticides and
herbicides tend to accumulate on the outer bark; therefore, it was carefully removed
from the samples. The sampling was conducted in September 2022, following the annual
grape harvest.

All samples were manually dehulled and minced into 4-5 mm chips. They were then
placed in glass vials and subjected to thermal treatment for 2 h at different temperatures (120,
140, 160, 180, 200, 220, 240, 260 °C) in an inert atmosphere (N;). Subsequently, the samples
were manually ground into a powder and extracted using ethanol through maceration.

2.3. Proximate Composition

Moisture, ash, elemental, and crude protein contents were assessed following the
methods recommended by the Association of Official Analytical Chemists. Moisture
content was determined by drying the samples at 105 °C to a constant weight. The ash
content was determined using a laboratory furnace at 550 °C and the temperature was
gradually increased. Each measurement was performed on four replicates and the results
were averaged.

2.4. Macerative Solvent Extraction

Two grams (£1%) of ground grapevine shoots were placed in an extraction vessel and
covered with 96% v/v ethanol (10 mL/g of powdered material). The vessel was sealed
with a PBT screw cap. In order to optimize the extraction yield, we employed a two-step
process consisting of 1 h of sonication at 35 °C, followed by 24 h of maceration in an oven
at 80 °C. The extracts were then filtered, and the solid residues were washed three times
with 10 mL of ethanol. The extracts were subsequently dried using a rotary evaporator
and further dried in an oven at 105 °C for 2 h prior to the analysis. The resulting products
exhibited pitchy consistency and were stored at 4 °C until analysis.
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2.5. ICP-OES Analysis

The dried extracts were subjected to microwave acid digestion to facilitate the com-
plete dissolution (wet method). The element content was measured using inductively
coupled plasma optical emission spectroscopy (ICP-OES), following established proce-
dures documented in previous studies [10,21,41,42]. A Perkin-Elmer ICP-OES (model
Optima 4200 DV) instrument equipped with an ultrasonic nebulizer (Cetac Technologies
Inc.; Omaha, NE, USA) and a charge coupled device (CCD) area detector were used to
determine the total element content. All analyses were performed on four replicates. The
results are expressed as mean =+ standard deviation of four replicates. For further compari-
son, the total metal content in the Anc and Sal grapevine wood samples, including the outer
bark, was determined. After incinerating the pruning samples, the resulting ashes were
treated with 2 mL of high-purity HNOj for solubilization in 50 mL flasks (dry method).
The clear solutions were then analyzed using an ICP-OES instrument, following the same
standardized procedures applied to all the samples.

2.6. Statistical Analysis

The experimental data were compared by conducting an analysis of variance (one-way
ANOVA) with Tukey-Kramer honestly significant difference (HSD) post hoc testing, by
using the Matlab® 2023a environment (Mathworks Inc., Natick, MA, USA). The level of
significance was determined at p < 0.05 to see whether there were statistical differences
between the mean values.

3. Results and Discussion

Table 1 presents the workplan of the sampling and analysis procedures applied to
the grapevine cane samples (Anc and Sal) sampled in 2022. This workplan outlines the
systematic approach followed to collect and analyze the samples and provide a clear
understanding of the procedures adopted in this study.

Table 1. Workplan of the sampling and analysis procedures applied to the vine cane samples (Anc
and Sal) collected in 2022.

Ancellotta Salamino
Grapevine plants sampled
20 20
after grape harvest
Total mass of collected 6 kg ~6 kg
grapevine wood

Roasting of the debarked

grapevine cane samples at 4 replicates for each 4 replicates for each
8 temperatures ranging from roasting temperature roasting temperature

120 to 260 °C

Macerative solvent extraction
of tannic fraction in EtOH

at 80 °C, for roasted grapevine 4 replicates 4 replicates
chips at each temperature
in the range of 120-260 °C

Mineralization of dry tannic
extracts for each sample

of roasted grapevine chips 4 replicates 4 replicates
(wet method)
Total metal content of 4 replicates 4 replicates

grapevine canes (dry method)
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We emphasize that the pesticide and contaminant contents were minimized by remov-
ing the outer bark of vine pruning samples. Moreover, in Europe, the use of pesticides in
grape cultivation is regulated by Regulation (EC) No. 1107/2009 of the European Parlia-
ment and of the Council of 21 October 2009 concerning the placement of plant protection
products [43,44]. This regulation mandates adherence to safety intervals between the last
pesticide application and the fruit harvest. Therefore, we can assume that the collection
of vine canes after grape harvest ensures greater phytosanitary safety and assumes the
absence or presence of trace amounts of pesticides.

3.1. Proximate Composition of Grapevine Canes
Figure 1 shows the grapevine cane chips roasted at 180 °C (a), 220 °C (b), and 260 °C (c).

(c)

Figure 1. Grapevine cane chips roasted at 180 °C (a), 220 °C (b), and 260 °C (c).

Grapevine canes, which are regularly removed during pruning, account for approx-
imately 90-95% of vineyard waste. Typically, they reach their peak productive maturity
within the first year of growth. However, if left on the parent plant for extended periods,
their productivity decreases, necessitating their removal during the annual winter pruning
cycle. Grapevine canes are composed of soft and sufficiently elastic wood and primarily
consist of cellulose (40-42%), hemicellulose (24-26%), lignin (18-21%), extractable com-
ponents (8-10%), and ash (3—4%) [45]. Table 2 shows the proximal chemical composition
of the grapevine cane samples analyzed in this study. All values are expressed as the
mean = standard deviation of four replicates.

Table 2. Proximate composition of grapevine cane samples of the selected Lambrusco cultivars,
Ancellotta and Salamino.

. Ref
Ancellotta Salamino (Mendivil et al. [46])
Moisture% (at 105 °C) 16.2 £0.2 229+ 0.3 48.3-55.5 (51.5)
Forced drying% (at 120 °C) 26.7 £0.2 384 +£0.2 -
C% * 46.1 £ 0.3 45.6 £ 04 45.7-47.5 (46.3)
H% * 6.94 + 0.08 6.94 + 0.09 5.18-6.27 (6.0)
N% * 0.58 +0.03 0.46 + 0.04 0.68-0.82 (0.8)
S% * <0.1 <0.1 0.04-0.06 (0.05)
0% *# 431+ 0.4 452 + 0.5 -
Ash% 3.21 + 0.05 3.07 + 0.06 2.36-3.82 (3.0)

* On a dry basis at 105 °C. * By difference.

The last column of Table 2 presents some of the literature data regarding the elemental
and proximate composition of grapevine pruning samples from 14 cultivars of Vitis vinifera,
collected in a specific district in the La Rioja region of Spain [46]. For each parameter, the
range of minimum-maximum values is presented, and the mean value derived from the
entire dataset is indicated in parentheses. In terms of elemental composition, the Lambrusco
cultivars generally exhibited values similar to those reported by Mendivil et al. [46], with
the exception of nitrogen content, which consistently fell below the minimum value of
the Spanish cultivars. Furthermore, there were significant differences in the moisture
content between the Lambrusco cultivar samples and the Spanish cultivars. A more
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effective comparison can be made by examining the mass loss values obtained through
forced drying at 120 °C, which eliminated all the water from the wood. However, even in
this case, the differences remained substantial, as the Ancellotta and Salamino cultivars
were approximately 48% and 25% lower than the Spanish average (51.7%), respectively.
Regarding the peculiar behavior observed in our samples, no additional evidence has been
collected thus far to explain this experimental trend.

3.2. Effects of Roasting on Sample Mass Loss

Table 3 shows the mass loss (Am%) values obtained from the roasting of grapevine cane
samples of two Lambrusco cultivars, Ancellotta and Salamino, at different temperatures.
Values are expressed as the mean + standard deviation of four replicates.

Table 3. Mass variation of roasted grapevine shoots at different temperatures for the two selected
Lambursco cultivars, Ancellotta and Salamino.

Ancellotta Salamino
Sample Appearance
t (O C) —Am% —Am%

105 1621 + 0.24 2290 + 0.27 No significant colc')r change, typical odor
of dried wood

120 26.67 + 0.23 3838 4+ 021 Slight color change, .p.leasant scent,

not specific

140 3411 + 021 4429 +0.24 Slight color change, very light
roasting aroma

160 36.51 + 0.38 45.09 £ 0.35 Mild color change, light roasting aroma

180 37.06 + 0.29 46.77 +0.33 Moderate color change, medium
roasting aroma

200 3795 + 0.30 4817 + 0.36 Significant color change, medium-strong
roasting aroma

220 4077 + 0.24 51.18 + 0.39 Significant coilor change, strong
roasting aroma

240 4740 + 0.32 5827 + 037 Very mgmflcan.t color change, dark
roasting aroma

260 5558 4 0.38 66.68 L 0.41 Dark black color, typical odor of

semi-carbonized wood

Table 3 highlights the significant differences in the behavior of wood from the two cultivars
after roasting under an inert atmosphere (N). The Salamino cultivar exhibited an average
mass loss that was approximately 10% higher than that of the Ancellotta variety. This
suggests that the wood of the Ancellotta vine is denser and more thermoresistant than that
of the Salamino vine. Upon moisture removal at 105 °C, along with the highly volatile
organic compounds (VOCs) responsible for the characteristic woody aroma, noticeable mass
loss was observed up to 120 °C. At this temperature, the process of eliminating residual
water present in the wood matrix, including tightly bound fractions and those retained
by mineral components, such as crystallization water, was completed. Along with water
traces, VOCs continued to be lost, and the color of the wood did not significantly change,
while the samples became increasingly compact and rigid. Notably, wood toasted at 120 °C,
despite having a pleasant scent, did not emit specific aromas. As the roasting temperature
was increased further, there was a gradual increase in mass loss due to the elimination
of semi-volatile organic compounds (SVOCs) until it reached approximately 180 °C. The
effects of heating on wood mass became significant at approximately 160 °C, resulting in
progressive stiffening and the loss of characteristic elasticity. The aromatic profile of the
toasted wood varied progressively with contact temperature as the composition of the
resulting gas phase changed [47].

The observed changes in aroma profiles resulting from roasting at different tempera-
tures have significant implications for flavor development in aged beverages, including
spirits and vinegars. Wood is well-known for its contribution to complex aromatic com-
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pounds, particularly phenolic compounds, during the beverage aging process. A com-
prehensive understanding of the temperature-dependent release of volatile compounds
from roasted wood can greatly assist the enological and beverage industry in selecting
the desired flavor characteristics for their products. Furthermore, a deeper understanding
of the thermal properties of different vine cultivars could provide valuable guidance for
selecting suitable wood sources for beverage aging. By optimizing the roasting temperature
and duration, it is possible to finely tailor the sensory characteristics of aged beverages
and introduce unique flavor profiles derived from specific wood sources. Analyzing the
results presented in Table 3, it is evident that a minimum temperature of 160 °C is required
to initiate a substantial release of VOCs responsible for imparting characteristic aromas.
Notably, the Salamino cultivar exhibited significant mass loss, even at lower temperatures,
and demonstrated higher VOC emissions.

Roasting plays a fundamental role in wood transformation. Specifically, it can cause
the degradation of thermolabile bioactive molecules, while simultaneously generating
compounds harmful to human health, such as furan compounds. Increasing the roasting
temperature promotes significant degradation and facilitates the release of furans from
grapevine canes [48,49]. The Food and Drug Administration (FDA) [50] and European
Food Safety Authority (EFSA) [51] have established guidelines and regulations to monitor
the presence of furanic compounds in food products to ensure their safety. Therefore, it
is important to select a roasting temperature that allows for the release and improvement
of the aromatic profile without exceeding the limits imposed by food safety regulations.
In the context of enology, vinegar, and alcoholic beverages, the use of tannic extracts
generally involves significantly low concentrations that remain within the established
limits for furanic compounds. Therefore, from a health perspective, the use of tannic
extracts in winemaking and related products is not considered a significant risk factor [52].
Regarding our vine pruning samples, we believe that the temperatures of 240 and 260 °C are
excessively high, as they result in a significant modification of the wood composition. This
leads to a strong release of VOCs and poses a greater health risk along with an unpleasant
aromatic profile (Table 3).

3.3. EtOH Extraction Yield

Table 4 presents the data related to the yields of solvent extraction in EtOH at 80 °C for
all the grapevine shoot samples. All values are expressed as the mean + standard deviation.
Statistical analysis indicated a significant difference in the extraction yield as the roasting
temperature of the grapevine cane samples varied (p < 0.05).

Table 4. Extraction yield (EtOH) relative to the grapevine cane samples of the two Lambrusco
cultivars toasted at different temperatures.

Ancellotta Salamino
t(°O) Extraction Yield g/100 g * Extraction Yield g/100 g *
120 2.02£0.07a 209+0.11a
140 1.89 £ 0.08 a 2.06 £0.10a
160 1.85+0.09 a 208+0.14a
180 191+0.10a 213+£0.15a
200 199 +0.09 a 215+£0.13a
220 197 £0.09 a 215+ 0.11a
240 148 +£0.08b 1.66 £0.12Db
260 1.12+0.10¢ 1.04 £0.15¢

* Based on 100 g of grapevine canes dried at 120 °C. Differences between means indicated by the same letters are

not statistically significant (p < 0.05).
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The scientific literature reports the identification of numerous highly bioactive com-
pounds in grapevine canes and their tannic extracts. These include caffeic, gallic acid,
p-coumaric acids [53], catechin, epicatechin [54], luteolin, trans-resveratrol, trans-e-viniferin,
piceatannol, ampelopsin A, and miyabenol C [38,55], among many others. However, these
molecules are heat-labile, and their concentrations typically decrease with increasing roast-
ing temperature. For instance, there was a decrease in the content of the main stilbenoids
by 55-60% when passing from a roasting temperature of 180 °C to 240 °C. This explains the
trend observed in the extraction yield with increasing roasting temperature. In particular, a
significant decrease was observed when the temperature was increased from 220 to 240 °C.
These findings align with the results presented in Table 3; Table 4, where greater changes in
color, aromatic profile, and mass loss were observed starting from a temperature of 240 °C.
These changes indicate strong degradation of the woody matrix and its constituent com-
ponents, including the loss of valuable stilbenoids. Understanding the impact of roasting
temperature on extraction yield is crucial for industries and researchers interested in utiliz-
ing grapevine canes for their bioactive properties. It allows for the optimization of roasting
conditions to preserve and maximize the retention of stilbenoids, thereby enhancing the
potential health benefits and sensory characteristics of the derived products. By carefully
selecting the appropriate roasting temperature, it is possible to strike a balance between
aromatic development and stilbenes preservation in the processed grapevine pruning.

During the ethanol extraction process, not only organic compounds but also minerals
and metals can be extracted from grapevine canes. Extraction of inorganic components
occurs because of the solubility of certain mineral salts in ethanol, allowing them to be
carried along during the extraction process. The presence of minerals and metals in tannic
extracts is of great importance from both the food safety and nutritional perspectives. Heavy
metals, such as lead, cadmium, mercury, and arsenic, are of particular concern because of
their potential toxicity and adverse health effects when consumed at high concentrations.
Therefore, it is crucial to evaluate their concentration to ensure compliance with food safety
regulations and to safeguard consumer health. However, extraction of macroelements,
including potassium, magnesium, phosphorus, and iron, can provide added nutritional
value to tannic extracts. These macroelements play essential roles in various physiological
processes in the human body, such as maintaining proper muscle function, supporting
bone health, and participating in energy metabolism.

3.4. ICP-OES Analysis of Debarked Grapevine Cane Samples

ICP-OES analysis allowed for the measurement of the metal content in the analyzed
extracts. The experimental results are presented in Table 5 (Ancellotta) and Table 6 (Salamino).
Samples derived from chips roasted at 260 °C were not included in the analysis due to their
excessively roasted attributes. This decision was based on the properties of the extract,
which exhibited unpleasant and overly tarry aromatic profiles. All results are reported
based on 100 g of dried extract. Statistical analysis showed significant differences in the
mineral content of the ethanolic extracts when the roasting temperature of the grapevine
cane samples was varied (p < 0.05).

Significant differences were observed in the tannic extracts, primarily attributed to the
effects of increasing roasting temperature. The concentration of some elements, including
Al, Cd, Cz, Cu, Fe, Pb, and Zn, increases with roasting temperature, while others such as
B, Ba, Co, Mn, and Sr, showed a decrease, regardless of the specific cultivar. Additionally,
concentrations of elements, such as Ba, Co, Cu, Fe, Mn, Sr, and Zn, are higher in the extracts
obtained from Salamino samples compared to Ancellotta samples. Conversely, elements,
such as Al, B, Cd, Cr, and Pb, were found in higher concentrations in the Ancellotta cultivar.
Bi and Ni exhibited opposite trends, with an increase in the Ancellotta samples and a
decrease in the Salamino samples with increasing temperature. The concentration of Zn
in both cultivars increased by a factor of approximately 10-20 times when passing from
samples roasted at 120 °C to those roasted at 240 °C. Conversely, B displayed a decreasing
trend with roasting temperature for both varieties. Notably, the Ancellotta cultivar showed
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a significant decrease (—51%) in B concentration in samples roasted at 240 °C compared to
those roasted at 120 °C. Similar trends were observed for the Co and Mn contents. Notably,
the Salamino cultivar experienced the most significant loss in Mn concentration.

Table 5. Concentration of some elements (mg/100 g on a dry matter basis) * in the EtOH extracts of

grapevine shoots from Ancellotta cultivar, roasted at different temperatures from 120 to 240 °C.

Anc120 Anc140 Anc160 Anc180 Anc200 Anc220 Anc240
Al 3.74+09%4a 443 +091a 485+091a 552+09%a 592+0.83a 6.47 £ 0.83 a 715+ 090a
B 779 £0.95a 721 £0.88a 6.98 = 0.88 a 6.41 £091a 6.18 = 0.96 a 525+ 0.95 ab 3.82+£0.72b
Ba 457 +0.14a 417+£012ab  3.65+£0.09bcd  3.55+0.10 bd 3.02 £ 0.64 cd 1.83+£049e 0.34 £0.09 f
Bi 275+093a 3.18+085a 349+0.79a 4.58 £+ 0.85 ab 5.27 £1.03 ac 6.49 £ 1.10 be 837+1.01c
Ca 182+111a 199+1.33a 205+128a 214+117a 228 +120a 23.6 £1.02a 241+116a
Cd 0.25+0.09 a 0.32£0.09a 040 £0.11a 045+0.14a 052 +0.16 a 054+0.19a 070 £0.14a
Co 142+0.17a 126 £0.18a 1.21+£0.19a 112+ 0.18a 1.08 £0.20a 099 £022a 095+0.18a
Cr 0.33 £0.09 a 0.51 £ 0.08 ab 0.56 £ 0.11 ab 0.72 £0.11 ac 0.78 £0.14 bd 1.02 +£0.16 cd 123+0.10d
Cu 3.11 £0.58 a 3.49 £ 0.58 a 371+£048a 4254059 a 4.83 £0.43 ab 6.39 + 0.68 bc 7.75 £0.58 ¢
Fe 0.05+0.01a 0.08 £0.05a 0.12 £ 0.05 ab 0.15 £ 0.04 ab 0.21 £ 0.09 ab 0.34 £ 0.11 be 0.61 £ 0.09 ¢
K 29.0+119a 301 +125a 314+ 134a 322+132a 33.8+142a 345+122a 357+144a
Mg 115+ 072a 119 £0.62a 123+071a 129+ 0.64a 13.7£0.76a 144+ 084a 151+0.78a
Mn 0.69+£0.10a 0.59 + 0.08 ab 0.51 £0.10 ab 0.46 £ 0.09 ab 0.41 £0.19 ab 0.33+£0.10b 0.30 £0.09b
Ni 413+0.89a 5.47 + 1.08 ab 6.54 £ 1.06 abc  7.38 & 1.09 abc 8.19 + 1.28 bd 10.1 £1.19 cd 121+ 1.12d
P 679 £022a 636 +028ab  593+039abc  569+028bc 521 +026bcd  4.90 £0.25cd 451+029d
Pb 4.09+101a 526 +1.14 ab 5.66 £ 1.18 ab 6.19 + 1.18 ab 6.96 + 1.14 ab 7.64 +1.02 ab 923 +1.23b
Sr 0.54 £0.09 a 046 £0.06ab 040 £0.06abc 0344 0.06bcd  0.22 £+ 0.08 cd 0.20 £ 0.07 cd 0.19 £0.05d
Zn 0.19 £ 0.06 a 036 =0.11a 0.53 £0.17 ab 0.67 £ 0.14 ab 1.17£0.22b 201+£020c 328+£0.19d
* Data are expressed by the mean of four replicates & standard deviation. Differences between means indicated by
the same letters are not statistically significant (p < 0.05) using Tukey—Kramer HSD post hoc test.
Table 6. Concentration of some elements (mg/100 g on a dry matter basis) * in the EtOH extracts of
grapevine shoots from Salamino cultivar, toasted at different temperatures from 120 to 240 °C.
Sal120 Sal140 Sal160 Sal180 Sal200 Sal220 Sal240
Al 3.39 £0.57 a 427 +£0.77 a 445+0.77 a 5.03+09%a 575+1.04a 575+093 a 6.14 +1.06 a
B 5.67 = 0.64a 495+ 0.71 ab 458 £ 0.49 abc  4.16 £ 0.50 abc 3.97 £ 0.40 bc 3.45 £ 0.35bc 332+047c
Ba 8.51 £0.90 a 8.14 + 0.88 ab 7.99 + 0.62 ab 7.37 £ 1.04 ab 6.21 £ 0.96 ab 5.64 £ 1.13 bc 344 +0.58 ¢
Bi 9.85+0.87a 9.13£097a 897+092a 847 +1.02a 831+ 1.26ab 723+ 1.21ab 570 £140b
Ca 215+ 1.68a 223+ 174a 237 +£153a 244+162a 256 +176a 263+115a 277+ 146 a
Cd 0.10 £0.03 a 028 £0.12a 0.31+0.16a 041+0.13a 043 +£0.16 a 052+029a 0.55+023a
Co 227 £025a 1.86 4+ 0.29 ab 154 =044 abc 136 +028bcd 1.09+0.26bcd  0.99 £0.28 cd 0.58 £0.25d
Cr 0.17 £0.07 a 039+0.11a 0.58 £0.30 a 0.61 £0.30a 0.75+031a 0.88 £0.36 a 0.89 £0.33a
Cu 3.47 £0.58 a 4.12 £ 0.68 ab 4.36 £0.91 ab 527 £095abc  6.04 £ 0.93 bed 717 £ 0.94 cd 9.19 £097d
Fe 0.08 £ 0.05 a 0.11£0.04a 0.21 £0.10 ab 0.34 £0.19 ab 0.44 £0.19 ab 0.66 £0.18 b 0.69 £0.29b
K 263+097a 272 £0.98 ab 285+ 1.25ab 29.1 £0.85ab 30.2 £ 0.90 ab 315+095b 319 +£1.02b
Mg 151+071a 159 £ 0.74 ab 16.3 £ 0.76 ab 16.9 + 0.81 ab 17.3 £ 0.79 ab 184 +£056b 19.7 £ 0.62b
Mn 145+ 0.32a 122+02lab  1.05+038abc 091 +03labc  0.70 £0.21 bc 0.65 £ 0.19 be 040 £0.15¢
Ni 8.93 £0.93 a 7.07 £ 1.01 ab 6.18 + 0.99 bc 5.73 £ 0.70 bc 5.20 £0.71 bc 452 +0.57c 210 £ 0.56 d
P 595+031a 5.63 £ 0.27 ab 5.05 £ 0.29 be 451 £0.27 cd 4.33 £0.25cd 4.03+£023d 392+024d
Pb 271£027a 3.34 +0.36 ab 415+ 0.39 bc 481+041c 527 £040c 6.89 +0.44d 797 £042d
Sr 1.22+021a 0.85 £ 0.19 ab 0.72 £ 0.15bc 0.60 £ 0.15 bd 0.37£0.11cd 032+£0.11cd 0.21+£0.10d
Zn 036 £0.12a 0.64 +0.14 ab 0.71 £0.23 ab 1.10 £ 0.27 ab 1.38 + 0.39 ab 2.07 £0.62b 415+ 1.14c¢

* Data are expressed by the mean of four replicates & standard deviation. Differences between means indicated by
the same letters are not statistically significant (p < 0.05) using Tukey—Kramer HSD post hoc test.

Several hypotheses can be formulated to explain the decrease in the metal content of the
extracts resulting from the increase in the roasting temperature of grapevine cane samples.

i.  These metals are generally involved in protein-enzyme systems that ensure the
physiological viability of the initial plant structures. The elevated roasting temperature
is likely responsible for disrupting the original metal complex—chelate system present
in the woody matrix, leading to the release of poorly soluble metal oxides and a
subsequent reduction in their concentrations, as detected by the ICP-OES analysis of
the extracts.
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It is important to highlight the significance of B in this context, as its concentration reduc-
tion with increasing roasting temperature may be attributed to the covalent molecular
characteristics of metal oxides and other compounds, which render them highly volatile.
Consequently, boron can be lost through thermal stress during roasting.
It is worth noting that the release of metal oxides during roasting can be influenced
not only by temperature but also by the presence of other compounds and the chem-
ical environment. For instance, the interaction between metals and polyphenolic
compounds, such as tannins, can affect the stability and solubility of the metal species.
These interactions can be complex and depend on factors, such as pH, oxidation-
reduction potential, and the specific polyphenolic profile of grapevine cane extracts.
At elevated temperatures, tannins undergo various reactions, including disruption
of their molecular structures and the formation of degradation compounds. These
changes can affect the ability of tannins to bind metal ions and form stable complexes.
The breakdown of tannin-metal complexes may facilitate the release of metal ions
and subsequent formation of less soluble metal oxides or hydroxides.

iv.  Additionally, the two metal elements Ni and Bi exhibited opposing trends in the
two cultivars, as depicted in Figure 2.
120 140 160 180 200 220 240
Roasting temperature (°C)
—4—Bi (Anc) Ni (Anc) —=—Bi (Sal) Ni (Sal)

Figure 2. Bi and Ni content (mg/100 g on a dry matter basis) of the EtOH extracts obtained from
Salamino and Ancellotta grapevine canes toasted at different temperatures.

It is evident that these cultivars exhibit different affinities for accumulating the heavy

metals Bi and Ni, as indicated by variations in their concentrations. The concentration
of Bi in the extracts from Salamino chips treated at 120 °C was approximately 3.5 times
higher compared of Ancellotta chips. An increase in roasting temperature reduced the
solubility of Ni compounds in EtOH in the Salamino samples, whereas it increased in the
Ancellotta samples. These observations can also be extended to other analytes that exhibit
a similar trend with increasing roasting temperatures. The opposing trend represented
by the Salamino cultivar can be explained by a reduction in the solubility of compounds
containing the analytes of interest.
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v.  The main mineral elements detected in the roasted grapevine canes were K, Mg, and
Ca, which exhibited an increasing concentration with roasting temperature. These
minerals are essential for maintaining the optimal health and functioning of the
human body. Potassium is involved in various physiological processes, including
fluid balance, nerve function, and muscle contraction [56,57]. Its ability to regulate
blood pressure by counteracting the effects of sodium promotes cardiovascular health.
In addition, potassium contributes to bone health and may reduce the risk of kidney
stones. Magnesium plays a vital role in more than 300 enzymatic reactions in the
body, making it vital for numerous physiological functions [58—60]. It is involved in
energy production, nerve function, muscle relaxation, and the synthesis of DNA and
proteins. Magnesium also supports a healthy heart rhythm, promotes bone health,
and helps regulate blood sugar levels. Calcium is known for its role in building
and maintaining strong bones and teeth [61]. They are also involved in muscle
function, nerve transmission, and blood clotting [62]. Calcium plays a crucial role
in maintaining a normal heart rhythm and blood pressure. Additionally, it has been
linked to a reduced risk of colorectal cancer and may help in weight management.
Therefore, the high content of these minerals in ethanolic extracts allows for the
enrichment of beverages and enological products aged with infused chips from a
nutritional perspective. By incorporating these minerals into the aging process, the
resulting beverages can offer health benefits beyond their flavor and aroma profiles. It
meets the increasing demand of consumers to incorporate high nutrient levels with an
adequate amount of essential minerals into their normal diet, preferably from plant
sources [53].

Table 7 shows a comparison between our samples toasted at 120 °C and the data
from Sanchez-Gomez et al. [63], which pertains to a specific grape variety in the Castilla-
La Mancha region of Spain. These values correspond to the extractions conducted on
grapevine chips dried at room temperature to achieve a humidity level of 6.5%. The
extractions were performed using water as a solvent and various extraction techniques,
including conventional liquid—solid extraction and dynamic solid-liquid extraction. It is
worth noting that the solubility of metallic compounds varies between ethanol and water,
partially accounting for the observed differences based on solvent characteristics.

Table 7. Concentration of some metals in EtOH extracts (mg/100 g on a dry matter basis) * of
grapevine canes: comparison with the literature data.

Anc120 * Sal120 * Sanchez-Gomez et al. [63]

Al 3.74 +0.94 3.39 + 0.57 -

B 7.79 + 0.95 5.67 + 0.64 0.04-0.09 (0.06)
Ba 457 +£0.14 8.51 +0.90 -

Bi 2.754+0.93 9.85 4+ 0.87 -

Ca 182 +1.11 21.5 + 1.68 23.6-39.4 (31.9)
Cd 0.25 £ 0.09 0.10 £ 0.03 -

Co 1.42 +£0.17 2.27 +0.25 -

Cr 0.33 + 0.09 0.17 + 0.07 -

Cu 3.11 & 0.58 3.47 + 0.58 0.02-0.11 (0.06)
Fe 0.05 £+ 0.01 0.08 4+ 0.05 0.03-0.14 (0.07)
K 29.0 £1.19 26.3 +0.97 141.3-154.1 (146.9)
Mg 115+ 0.72 1514+ 0.71 25.5-31.7 (27.9)
Mn 0.69 £+ 0.10 1.45 £+ 0.32 0.20-0.26 (0.24)
Ni 4.13 +£0.89 8.93 £+ 0.93 -

P 6.79 +0.22 5.95 + 0.31 22.9-32.4 (27.8)
Pb 4.09 +1.01 2.71 +0.27 -

Sr 0.54 4+ 0.09 1.22 £0.21 -

Zn 0.19 + 0.06 0.36 = 0.12 0.15-0.22 (0.17)

* Data are expressed by the mean of four replicates & standard deviation.
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Regarding macroelements, the concentration of K in the aqueous extracts was approxi-
mately five times higher than that in the ethanol extracts. A similar trend was observed
for P, with higher concentrations in the aqueous extracts than in the ethanolic extracts.
However, the Ca and Mg contents follow the order of magnitude reported by Sanchez-
Goémez et al., although our values are lower and under average than those reported in the
literature [63].

Among the micronutrients, the Fe and Zn values in our samples were consistent with
those extracted using water as the solvent. However, the B, Cu, and Mn concentrations
in the ethanolic extracts were approximately 100 times higher for B, 50 times higher for
Cu, and 5 times higher for Mn than the corresponding values obtained with an aqueous
solvent [63].

The differences in metal concentrations observed between the water and ethanol
extractions can be attributed to variations in the solubility of metals in different solvents.
Some metals may have higher solubility in water, resulting in greater extraction, while
others may exhibit better solubility in ethanol. For example, specific metal species may
form more stable complexes with water than with ethanol, thereby impacting the extraction
efficiency. Furthermore, the composition of grapevine canes can vary depending on factors,
such as grape variety, geographical region, and agricultural practices.

When using grapevine chips for aging vinegars or alcoholic beverages, it is essential
to monitor the concentration of heavy metals to ensure the safety of the end products. High
concentrations of metals, such as lead (Pb) and cadmium (Cd), can pose health risks to
humans. Therefore, it is crucial to ensure that their concentrations remain within allowable
limits established by food regulations to ensure food safety and to protect consumer health.
International guidelines and food regulatory bodies, such as the European Food Safety
Authority (EFSA), have established maximum allowable concentrations of heavy metals in
food and beverages.

For ease of discussion, we examined only the maximum allowable values of metals
for wine. To assess the safety in terms of heavy metal content of vine wood chips used to
accelerate the aging process of wine, it is important to consider the amount of wood used
per liter of beverage. The quantity of wood chips may vary, but the general dosages for
white and red wines range from 0.5 to 2 g/L and 2 to 6 g/L, respectively, depending on the
chip size and contact time [64]. These dosage recommendations are typically applied to
oak wood, which has been primarily studied and used for this purpose. Although these
quantities may differ when grapevine wood is used, preliminary considerations can be
made based on these general guidelines. Considering the extraction yield values in Table 4,
approximately 5-9 kg of vine wood is required to obtain 100 g of dry extract. Consequently,
the data in Table 5; Table 6 must be reduced by a factor of 50-90 to obtain the amount of
metal in 100 g of wood. This is crucial for determining whether the concentration values
obtained comply with the limits imposed by the regulations.

European Union (EU) regulations have set a limit of less than 30 mg/L for iron (Fe) in
wine, whereas the International Organization of Vine and Wine (OIV) specifies a limit of
less than 10 mg/L [65]. The concentration of Fe detected in our samples, which did not
exceed 0.69 mg/100 g of EtOH extract (on a dry basis), was significantly lower than these
limits. This value is even lower when considering the very low amount of wood used as
chips during the beverage aging process. Iron is an essential mineral in the human body
that plays an important biological role. However, excessive iron concentrations in wine
may indicate a potential contamination or inadequate production processes. High levels of
Fe can result from factors, such as the use of rusty winemaking equipment or unintended
sources during wine processing. Therefore, the low concentration found in our samples
was not surprising, as it is consistent with the natural content of this metal in grapevine
pruning, as confirmed by the literature data in Table 7 [63].

The EU limits for copper (Cu) and zinc (Zn) concentrations in wine are set at less than
0.5 mg/L and 30 mg/L, respectively, while the OIV specifies limits of less than 1.0 mg/L
for Cu and 5 mg/L for Zn [65]. Phytosanitary treatments using a Bordeaux mixture or
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zinc (Zn) fungicides are often used in vineyards, which increase soil Cu and Zn content.
The concentration of Zn in our samples, which did not exceed 4.15 mg/100 g on a dry
basis, was significantly lower than the established limits. The concentration of Cu reaches a
maximum value of 9.19 mg/100 g on a dry basis in Sal240 sample. Considering a quantity
of 6 g of chips per liter of wine, which is the maximum value suggested by the literature,
and an extraction yield of 1.66 g/100 g of dried wood (Table 4), a Cu concentration of
approximately 9 ng/L of wine is obtained, well below the imposed limits. The presence of
Cu and Zn in wine is a matter of concern because of their potential toxicity to humans. Both
are essential trace elements that are required for various biological functions in the human
body. However, excessive intake of these metals can lead to health risks. Cu and Zn toxicity
can cause gastrointestinal symptoms, such as nausea, vomiting, and abdominal pain.

Regarding cadmium (Cd) and lead (Pb), the OIV sets the maximum limits for their
concentration in wines at 0.01 mg/L and 0.15 mg/L, respectively. Prolonged Pb exposure
can result in neurological and developmental issues, particularly in young children [66,67],
whereas Cd ingestion is associated with kidney damage and impaired bone health [68,69].
The highest concentration of Cd was observed in the Anc240 sample, with a value of
0.7 mg/100 g in the EtOH extract on a dry basis. When considering the recommended
amount of 6 g of chips per liter of wine and the extraction yield of 1.48 g/100 g of Anc240
(Table 4), the resulting Cd concentration in wine is approximately 0.62 ug/L, which is
significantly below the limits imposed by the OIV. The same considerations can be applied
to Pb. Cadmium and Pb concentration decreased with an increase in roasting temperature.
This result suggests the use of a lower amount of wood chips per liter of wine and avoiding
excessive roasting temperatures to control their content. Pb primarily comes from fungicide
treatments and atmospheric pollution, for example, in vines located near roads with heavy
traffic, and only in small quantities from the soil [70]. Cd probably originates mainly from
atmospheric pollution and has a remarkable capacity to accumulate in the soil [70].

EU law does not specify a limit for nickel (Ni) concentration in wine, whereas the
OIV sets the limit at 0.01 mg/L. The concentrations in our samples remained within the
limits set by the OIV, except for the Anc240 sample, which slightly exceeded the threshold.
Specifically, considering the extraction yield and the Ni concentration of 12.1 mg/100 g in
the EtOH extract on a dry basis, the resulting Ni concentration in wine is calculated to be
0.011 mg/L. This suggests the need to restrict the roasting temperature, particularly for
the Ancellotta cultivar, to mitigate the Ni concentration in the final product. Furthermore,
this concentration pertains to the maximum suggested quantity of 6 g of chips per liter
of wine. Consequently, using a smaller quantity of chips would not pose any concerns
regarding Ni content. The average Ni content in plants varies between 0.05 and 8.00 pg/g
dry weight [71,72]. Ni concentrations can vary significantly in ambient air, with the
highest values reported in highly industrialized areas [73]. It can enter ambient air through
various sources, including the combustion of coal, diesel oil, and fuel oil, the incineration
of waste and sewage, and other miscellaneous sources. In soil, it can exist in various
forms, including inorganic crystalline minerals, complexed or adsorbed on organic cation
surfaces or inorganic cation exchange surfaces, as water-soluble free ions, or chelated metal
complexes in soil solutions. The concentration of Ni in soil can be influenced by factors,
such as soil pH, clay content, iron-manganese minerals, and soil organic matter. Decreased
soil pH, often caused by the reduced use of soil liming in agriculture or increased acid rain,
can lead to increased solubility and mobility of Ni in the soil [73]. The uptake of Ni by
plants can differ depending on the species, with some species exhibiting a higher tolerance
and an ability to take up metals from the soil. It is difficult to precisely identify the reason
for the Ni content in our samples, as it could be due to pollution, soil type, or genotypic
factors that increase its uptake, as shown Figure 2.



Beverages 2023, 9, 60

14 of 19

3.5. ICP-OES Analysis of Grapevine Wood Samples

In this section, we present the results of ICP-OES analysis conducted on vine wood
samples of Ancellotta and Salamino cultivars. Wood samples, including the outer bark,
were analyzed using the dry method. To ensure the reliability and validity of our findings,
we compared them with those reported in the existing literature. This allowed us to
contextualize our data within the broader body of knowledge and assess the consistency
of our observations with those of previous studies. By doing so, we can gain a deeper
understanding of the mineral composition of grapevine wood samples and identify any
notable variations or similarities.

The mineral fraction of vine shoots from 10 Turkish cultivars grown in the same
experimental field was evaluated by Cetin et al. [53]. The study design ensured that the
composition of the plant growth soil and meteorological conditions remained consistent
for all samples analyzed. This control over environmental factors eliminated exogenous
variability, allowing the data obtained in this study to primarily reflect the genetic specificity
of individual cultivars. The analysis revealed significant concentrations of K, P, Ca, Fe, Mg,
and Zn in the vine shoots. The authors proposed that vine shoot extracts have potential
nutraceutical applications in food supplements.

In another study, researchers examined the composition of vine shoots from Spanish
cultivars in the La Rioja region [46]. They selected eight red-berried cultivars and six
white-berried varieties for analysis. In our study, we considered all 14 cultivars without
distinguishing the grape color.

Sanchez-Gomez et al. [63] focused on the Aires cultivar, the most commonly cultivated
variety in Spain, primarily in the Castilla-La Mancha region. They found that the major
elements, apart from C, H, and O, included N, S, Al, K, and Ca. Based on their findings, they
suggested that grapevine pruning could serve as an excellent fertilizer, as these minerals
are essential nutrients for plants.

For our Ancellotta and Salamino shoot samples, we determined the total metal content
in the entire vine wood, including the rind, using the dry method. The experimental results
are presented in Table 8. For comparison purposes, the last two columns of the table present
the literature data, showing the dispersion range (min-max values) and the average value
indicated within brackets.

Table 8. Concentration of some metals in wood (mg/100 g on a dry matter basis) * of grapevine
canes: comparison with the literature data.

mg/100 g on Dry Basis
Anc* Sal * Cetin et al. [53] Mendivil et al. [46]

Al 13.04 + 0.15 11.28 + 0.19 1.5-3.7 (2.54)
B 7.81 £0.14 9.39 £0.18 0.8-1.8 (1.34)
Ba 5.64 = 0.20 4.22 +0.16 0.3-0.8 (0.52)
Bi 4.50 £+ 0.09 3.86 £ 0.08

Ca 3192 + 13.7 3945 £ 12.4 633-1021 (756) 450-890 (629)
Cd 0.57 £ 0.03 0.44 £ 0.04 <0.1

Co 0.62 £ 0.04 0.51 £ 0.03

Cr 0.72 £ 0.03 0.87 + 0.04 <(0.1-0.5)
Cu 12.71 £ 0.31 14.73 + 0.27 0.8-2.0 (1.21)
Fe 0.51 £ 0.04 0.46 £ 0.03 0.26-0.68 (0.36) 1.8-4.3 (2.52)
K 561.5 £24.6 485.1£19.3 519-823 (632) 510-870 (674)
Mg 2512+ 23 40.03 £ 2.9 1.94-11.12 (4.72) 120-200 (159)
Mn 232 +£0.11 2.30 £ 0.08 1.7-4.5 (2.66)
Ni 10.81 + 0.19 10.21 £ 0.21 <0.2

P 37.38 + 4.5 32.68 £4.1 42-93 (69) 70-90 (81)
Pb 4.46 £ 0.07 4.14 £ 0.08 <1

Sr 4.37 £0.11 3.78 £0.09

Zn 2.84 £ 0.08 2.18 £+ 0.06 0.70-9.82 (1.48) 0.9-2.4 (1.41)

* Data are expressed by the mean of four replicates + standard deviation.
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It is worth noting that despite the unknown compositional characteristics of the
soils, similar orders of magnitude were observed for each element, irrespective of the
geographical origin of the cultivars (Italy, Turkey, and Spain). For example, the Ca and
P contents in the woods of Ancellotta and Salamino fell approximately in the middle of
the average values reported for both Turkish and Spanish cultivars, although they were
closer to the lower limits (Ca: 450 mg/100 g [46]; P: 42 mg/100 g [53]). The data for K were
closely aligned with the minimum values reported in the literature.

Magnesium (Mg) deserves special consideration. Table 8 clearly demonstrates the
significant differences in Mg content among the three groups of pruning woods. The group
comprising the two Italian vines (~32 mg/100 g on dry basis) fell in between the average
value of Turkish cultivars (~4.7 mg/100 g on dry basis) and the maximum value of Spanish
grape varieties (~159 mg/100 g on dry basis). Likely, both genotypic and external factors
play a role, including the soil type, in which the vines are cultivated, and meteorological
conditions. Currently, we do not have further explanation for this experimental observation.

Regarding the minor analytes, it is important to highlight that Al, B, and Cu are more
prevalent in Lambrusco woods than in Spanish woods, with multiplication factors ranging
approximately 5-6 times. Conversely, the Ni content was at least 50 times higher. Other
trace elements, such as Fe, Cr, Mn, and Zn, aligned well with the concentration values
reported by Mendivil et al. [46].

These trace elements, including Cu and other analytes, play a crucial role in vital plant
processes, contributing to the formation of metal enzymes, organometallic complexes, and
chelates based on tannic compounds, polyphenols, catechins, and nucleic acids. These
compounds have significant implications for redox processes and act as catalysts for
electronic transport [74]. The presence of certain heavy metals in vine shoots has also been
identified in other studies [53,75,76]. In addition to studying the composition of woody
matrices, these authors extended their investigations to analyze the metal content in wines
treated with chips obtained from pruning. The results of these studies are particularly
promising, supporting and encouraging the use of vine pruning chips and tannic extracts in
winemaking practices as alternatives to traditional tannins derived from oak and chestnut
wood, among others.

4. Conclusions

The concentrations of various metals were determined in samples of roasted grapevine
canes from the Lambrusco cultivars Ancellotta and Salamino, with the aim of assessing the
potential and safety of using these materials as chips for infusion to accelerate the aging
process of alcoholic beverages and vinegars.

The main metals detected were K, Ca, and Mg. Their concentrations increased as
roasting temperature increased, regardless of the cultivar. This finding is encouraging
because these mineral elements play various beneficial roles in the human body and can
enhance the nutritional value of aged beverages.

The levels of metals, such as iron, copper, zinc, lead, and cadmium were found to be
below the regulatory limits, considering the typical quantity of chips used for beverage
aging. The concentrations of these metals increased as roasting temperature increased. This
suggests that caution should be exercised when minimizing potential contamination. To
mitigate this risk, it is advisable to select a roasting temperature that is not excessively high
(160-180 °C). By carefully controlling the roasting process and using moderate temperatures,
the potential for elevated metal concentrations can be reduced, ensuring the safety and
quality of the final product.

Some attention has been paid to the Ni content. The origin of this metal can be
manifold; however, the level of pollution and the type of soil in which the plant has grown
play a fundamental role. Genotypic factors also affect the uptake of Ni by grapevines.
In particular, we observed that the Ni content, as for Bi, in tannic extracts from EtOH vs.
roasting temperature followed a countertrend for the two selected Lambrusco cultivars,
increasing in Ancellotta and decreasing in Salamino.
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Based on the experimental evidence, we can conclude that the processes of release
from the woody matrix to the wine were of minimal significance, as no toxic elements were
detected, and no health risks were identified for wines and derived enological products
aged with infused chips
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