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Abstract

Verjuice, a green grape juice traditionally produced from grapes obtained through thinning,
represents a sustainable alternative for the utilization of viticulture by-products. No
standardized methods of production are utilized to make verjuice, highlighting the need for
further research. This study evaluated three extraction methods—pressing extraction (PE),
steam extraction (SE), and centrifuge juicer extraction (CJE)—to produce verjuice from three
Vitis labrusca varietals (Bord6, Concord, and White Nidgara). Physicochemical parameters,
volatile compounds (VOC), total polyphenol content, antioxidant and anti-hypertensive
activities were analyzed. Extraction method and grape varietal influenced physicochemical
composition, antioxidant capacity, and VOC. The SE method resulted in higher yields
but lower polyphenolic content, while the CJE was more efficient in extracting phenolic
compounds and preserving antioxidant properties. Higher concentrations of malic acid
were observed in verjuice extracted by PE and CJE methods from Bord6é and Concord
grapes, while higher tartaric acid content was found in Bord6 and Nidgara grapes extracted
by CJE. Within grapes, verjuices presented wider volatile profile than those described in
the literature, and CJE and PE methods yielded higher amounts of VOC. Thus, V. labrusca
presents great potential to produce verjuices and CJE shows to be an efficient alternative to
the pressing method.

Keywords: unripe grape juice; steam extraction; centrifuge extraction; pressing extraction;
volatile compounds; antioxidant activity

1. Introduction

Unripe grapes derived from thinning are usually considered by-products, as they are
typically discarded to rot in the field. This practice, also known as green pruning, is carried
out to improve the size and composition of remaining grapes to produce wines and/or
juices [1]. A way to use these unripe grapes is by producing verjuice and/or sour grape
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sauce. Verjuice (‘vert jus’ in French) is defined as an acidic, unfermented unripe grape
juice, whereas sour grape sauce is the green juice that goes through an additional stage of
heating [2,3]. In addition to sustainable qualities, such as using fruit that would otherwise
be discarded, verjuice is also valued for its nutritional and medicinal properties tracing
dating back to medieval times [4]. Verjuice contains bioactive compounds known for their
anti-inflammatory, cardioprotective, anticancer, and antidiabetic effects, providing benefits
to human health [3,5,6].

Verjuice characteristics can be influenced by grape maturity stage in which thinning is
conducted [7]. During the period of bunch closure, grapes present a green color, berries
are small with hard skin, and are characterized by high acidity and low sugar content.
At the veraison period, grape berries begin to expand in volume, their skin softens, and
sugars start to accumulate [8]. Verjuice total soluble solids have been shown to range
from 2.6 °Brix to 15.7 °Brix, with glucose in the range of 6.59 g/L and 47.06 g/L, and
fructose between 0 g/L and 34.22 g/L [7,9]. The main carbohydrates present in grapes
are monosaccharides (glucose and fructose) and polysaccharides (mainly pectin), which
confers hardness to grape cell wall [10]. Among monosaccharides, glucose predominates
over fructose at the beginning of the ripening phase, and they become equimolar through
the ripening process [11]. Among organic acids, tartaric and malic acids are the most
abundant, composing about 90% of the total acid content at maturity phase of grapes [12].
In the growth phase in which grapes are collected to produce verjuice, malic acid is present
in higher amounts than tartaric acid. Depending on when the green pruning is carried out,
verjuice can present more acidic or sweeter sensory characteristics [7,9].

Verjuice is typically produced from wine grapes (Vitis vinifera), where grape thinning
is a common practice. However, Vitis labrusca varietals also represent an interesting alter-
native, particularly given their popularity among grape producers in different countries
including Brazil [13]. Nevertheless, the first laboratory-scale production of verjuice in
Brazil using Concord grapes—a varietal of V. labrusca—was only recently reported by
Lassen et al. [14], underscoring its innovative aspect. According to the Grape Observatory
in Brazil, the production and consumption of table grapes has grown in recent years and is
considered an important source of income for the viticulture in the country [15]. Among
those cultivated in Brazil, Concord, Bordd, and White Nidgara play an important role in
the grape market. In 2021, the top five cultivars harvested in Brazil were Isabella, Bordo,
White Nidgara, Rosé Nidgara, and Concord [16]. Bordd grapes are mainly used to pro-
duce juices, wines, vinegars, and jellies, and are characterized for their intense dark red
color [17]. Concord grapes are also cultivated for consumption in natura as well as wine
production, and are characterized by low red color intensity and acidity [18]. On the other
hand, White Nidgara is usually cultivated for consumption in natura and the juice produced
is characterized by yellow/pale color and high sweetness [19].

Currently, there is no standardized production method of verjuice and, although it
has been produced and commercialized in some countries such as New Zealand, Australia,
Portugal, Austria, Lebanon, etc. [9], verjuice is underexplored in other countries like
Brazil. Therefore, there is a great opportunity to add value to the agrifood sector by using
thinned grapes to create new foods/ingredients. Verjuice is most commonly produced by
extracting juice from partially ripe grapes through pressing, although other methods have
been explored to improve yield and product quality [3]. Steam extraction, for instance,
is a technique widely used in small- and medium-scale production of red grape juice,
particularly in Southern Brazil. It involves the use of hot water steam to extract juice
from the fruit, offering high yield and good retention of color and flavor. At the same
time, it pasteurizes the beverage, improving its microbial and biochemical stability [20-22].
Another small-scale extraction technique that has been used for grape juice production is
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the centrifugal juicer, which uses a fast-spinning grinding blade to extract the juice [20,22].
To date, however, steam extraction and centrifugal juicer have not been reported in the
literature as methods for verjuice production, making their application in this context
highly novel.

To explore new grape varietals and methods to produce verjuice, the aim of the present
study was to evaluate the impact of three different extraction techniques—pressing, steam
extraction, and centrifugation—on the production of verjuice from different Vitis labrusca
grape varietals (Bordo, Concord, and White Nidgara). The resulting verjuice samples were
assessed for their physicochemical characteristics, volatile profile, polyphenolic composi-
tion, and antioxidant activity. This approach aimed to explore non-traditional grape types
for verjuice production, broadening raw material choices beyond V. vinifera. This could
benefit grape regions where V. labrusca is more prevalent or economically viable.

2. Materials and Methods

2.1. Plant Materials and Chemicals
2.1.1. Grapes

The grapes were harvested at the ripening stage between 29 and 31, according to the
phenological classification scheme proposed by Coombe [8], in November 2023 in the Rio
Grande do Sul, which is the most southern state in Brazil. Bord6 (BO) and White Nidgara
(WN) grapes were harvested in the city of Roca Sales (29°17'02” South 51°52/04” West) and
Concord (CO) grapes in Roque Gonzales (28°07'51” South 55°01/33” West).

2.1.2. Chemicals

Chemicals for HPLC analysis were obtained from Sigma Aldrich (St. Louis, MO,
USA) and other chemicals of analytical grade were acquired from Exodo Cientifica
(Sumaré, Brazil).

2.2. Extraction Procedures

Grapes were initially destemmed, washed, and sanitized with sodium hypochlorite
solution at 100 mg/L for 15 min, followed by rinsing with tap water. Then, three different
extraction methods were used (described below).

2.2.1. Pressing Extraction (PE)

PE followed procedure described by Lassen et al. [14]. Batches of 2.5 kg of grapes were
manually kneaded with a cylindrical steel device and pressed in a perforated 50 L stainless
basket until the juice was completely extracted. Potassium metabisulfite was added at a
concentration of 0.4 mg/kg to prevent microbial growth and oxidation. For clarification,
the juice was kept in dark 600 mL glass containers at 0 °C for 10 days to precipitate tartrate
crystals, and then vacuum filtered (11 um filter paper). Final juices were bottled into dark
600 mL glass bottles and pasteurized at 75 °C for 1 min [14]. After that, verjuice bottles
were left to cool down to room temperature (~20 °C) and then stored at 5 °C until analysis.

2.2.2. Steam Extraction (SE)

SE was performed using a domestic steam juicer (Juice Extractor Pot Capacity 20 kg,
Funilaria Estrela, Estrela, Brazil) using conditions proposed by Lopes et al. [20] and
Ide et al. [22]. Batches of 2.5 kg of unripe grapes were placed into the upper fruit bas-
ket and exposed to a constant flow of water vapor (>80 °C) rising from the lower part of
the equipment. The crushed grapes were placed into the perforated container, followed by
the addition of 2 L of tap water into the water tank. Addition of potassium metabisulfite,
clarification, and pasteurization were performed as described in Section 2.2.1. The juice
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from the basket was collected and pasteurized in an annular middle part that was heated
by the rising steam. The juice residence time (time in which fruits stay in contact with the
steam) was ~15 min, until juice extraction ended. The juice was hot filled into dark 600 mL
glass bottles and left to cool down at room temperature (~20 °C). Samples were stored at
5 °C until analysis.

2.2.3. Centrifuge Juicer Extraction (CJE)

For this method, a domestic centrifuge juicer (model JCR400 PLUS, Cadence, Balnedrio
Picarras, Brazil) was used. Three kilograms of grapes were introduced at 300 g batch each
time in the equipment and resulting juice collected. Potassium metabisulfite was added,
and then clarification as well as pasteurization were performed as described in Section 2.2.1.
The juice was hot filled into dark 600 mL glass bottles and left to cool down at room
temperature (~20 °C). Samples were then stored at 5 °C until analysis.

Each extraction method for each grape varietal was performed twice (independent
experiments), and three bottles of each experiment were used to perform the instrumental
analysis (triplicates).

2.3. Yield

The yield of juices was calculated by measuring the volume of juice extracted from the
grape weight used in each extraction method. Verjuices were weighted in semi-analytical
balance (model AUX220, Shimadzu, Kyoto, Japan) and grapes in a scale with precision of
1 g (model AD2000, Marte, Barueri, Brazil). Results were expressed as % (kg of verjuice per
100 kg of grape).

2.4. Oenological Parameters

The values of pH, titratable acidity (TA), and total soluble solids (TSS) were measured
according to AOAC [23]. The pH analysis was performed with digital pH meter (PHOX,
model P1000, Colombo, Brazil). TA was measured by titration with sodium hydroxide
(0.1 M) using phenolphthalein as indicator, and the result expressed as grams per liter
(g/L). TSS was analyzed by using a digital refractometer (model HM-427, Highmed, Sao
Paulo, Brazil) and results were expressed as °Brix.

To measure turbidity, a digital turbidimeter (DLT-WYV, Dellab, Araraquara, Brazil) was
used and the results were expressed in nephelometric turbidity units (NTU). The degree of
non-enzymatic browning was measured following Brandelli and Lopes [24], where 1 mL of
sample was mixed with 1.5 mL of 96% ethanol, centrifuged (5000 g for 10 min at 7 °C),
and absorbance was measured at 440 nm.

The concentrations of malic acid, tartaric acid, glucose, and fructose were determined
by HPLC (model 1260 infinity II LC, Agilent Technologies, LC1260, Santa Clara, CA, USA)
equipped with a refractive index detector and Bio-Rad HPX-87H column (300 x 7.8 mm,
9 um particle size and 8% crosslinking) using 5 mM sulfuric acid as effluent at 45 °C and
a flow rate of 0.6 mL/min [25,26]. Verjuice samples were centrifuged at 10,000x g for
10 min at 7 °C and filtered (0.45 um filter paper) before injecting 20 pL aliquots. Total
analysis duration was 67 min. The standards of the analyzed compounds were used for
identification (retention time) and quantification (external standard). The results were
expressed in g/L.

2.5. Total Polyphenolics, Antioxidant and Anti-Hypertensive Activities

Total phenolic content (TPC) was determined by the Folin—Ciocalteau method [27],
which involves the reaction of the sample with the Folin—Ciocalteau reagent (ALZ, Porto
Alegre, Brazil) and sodium carbonate saturated solution, followed by absorbance reading
at 765 nm. Results were expressed as mg gallic acid equivalent per liter (mg GAE/L).
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Antioxidant activity was evaluated using three methods. First, the 2,2'-azino-bis
3-ethylbenzothiazoline-6-sulphonic acid (ABTS) radical scavenging assay was used, which
consists of the reaction with ABTS and potassium persulfate solutions with absorbance
reading at 734 nm [28]. The results were expressed as mmol of Trolox equivalent per liter
(mmol TE/L). Second, the 2,2-difenil-1-picrilhidrazil (DPPH) radical scavenging assay [29]
was used. In the dark, samples (0.1 mL) were transferred to test tubes with 3.9 mL DPPH
radical (60 pmol/L DPPH solution, diluted in methyl alcohol). After 45 min, the scavenging
activity was measured spectrophotometrically by the decrease in absorbance at 517 nm.
Likewise, the same proportions (0.1 mL distilled water and 3.9 mL DPPH radical) were used
as a control, using methyl alcohol as blank. The results were also expressed as mmol TE/L.
Finally, the reducing power (RP) assay was applied [30]. Samples of 1 mL of samples were
mixed with 2.5 mL phosphate buffer (0.2 mol/L, pH 6.6) and 2.5 mL potassium ferricyanide
(10 mg/mL), and then the mixture was incubated at 50 °C for 20 min. Then, 2.5 mL of
tri-carboxylic acid (10%, v/w) was added, and the mixture was centrifuged (3000 x g for
10 min). The supernatant (1 mL) was mixed with 2.5 mL distilled water and 0.2 mL ferric
chloride (1 mg/mL), and the absorbance measured at 700 nm.

Anti-hypertensive activity was evaluated by the Angiotensin-Converting Enzyme
(ACE) procedure [31], with minor modifications. Aliquots of 20 pL of verjuice were
added to 200 uL of buffered substrate solution (5 mmol/L hippuryl-histidyl-leucine in
50 mmol/L HEPES-HCI buffer containing 300 mmol/L NaCl, pH 8.3). The reaction started
by adding 40 puL of angiotensin I-converting enzyme (0.1 U/mL) to the described system
and maintained at 37 °C. Reaction stopped after 30 min with the addition of 150 pL of
1 mol/L HCL. Then, the hippuric acid release was extracted with 1 mL of ethyl acetate,
and the organic phase was transferred to a glass tube and heat evaporated. The residue
was dissolved with 800 puL of distilled water and measured at 228 nm. Residue extract
inhibitory activity was expressed as percentage according to Equation (1):

A—B
o o e 1 1
%o Inhibitory activity c_4 ~ 00 1)
where A is the absorbance without sample, B is the absorbance without the enzyme, and C
is the absorbance with the sample and the enzyme.

2.6. Determination of Volatile Organic Compounds

Volatile organic compounds (VOCs) were determined using the headspace solid phase
microextraction (HS-SPME) technique following procedures from Burdzaki et al. [26]. For
the extraction of volatile compounds, a manual sampler (SPME fiber Holder (Supelco®,
Sigma-Aldrich, Saint Louis, MO, USA) with DVB/Car/PDMS fiber (Supelco®, Sigma-
Aldrich, Saint Louis, MO, USA; 50/30 um, 1 cm long) was used, previously conditioned
according to the manufacturer’s recommendation. Approximately 7 mL of verjuice was
used, followed by the addition of 30% w/v sodium chloride and 10 uL of internal standard
solution (8.6 ng/mL 3-octanol (>99% purity, Sigma-Aldrich) in a 20 mL vial containing
polytetrafluoroethylene (PTFE) septum and immediately closed with a screw cap. The
HS-SPME extraction was carried out at 40 °C, when initially the samples were kept for
5 min to establish temperature equilibrium (fiber not exposed), after which the SPME fiber
was exposed to the sample headspace for 40 min for extraction of volatile compounds
at the same temperature. During the extraction, the sample was homogenized with a
magnetic bar.

Semiquantitative analyses of volatile compounds were performed on a gas chromato-
graph coupled to a mass spectrometer (GC-MS) (QP2010-Plus, Shimadzu, Kyoto, Japan).
The fiber containing the adsorbed volatile molecules was thermally desorbed in the injector
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port at 240 °C for 10 min in spitless mode (1 min, ratio 1:10). Helium was used as a carrier
gas with a constant linear velocity of 39.4 cm/s. Volatile compounds were separated using
a SupelcoWax 10 column (30 m x 0.25 mm x 0.25 pm; Supelc0®, Sigma-Aldrich, St. Louis,
MO, USA). The column temperature programming started at 40 °C for 2 min, followed by
an increase of 3 °C/min up to 180 °C, then moving to 230 °C with an increase of 10 °C/min
where it was maintained for 3 min. Finally, it reached 250 °C at a rate of 10 °C/min, re-
maining in isotherm for 2 min. The temperatures of the GC-MS interface and the ionization
source were 230 and 210 °C, respectively. The quadrupole mass analyzer was operated
in scan mode with a 35-350 m/z range. A blank was performed between replicates and
samples. The chromatographic method itself created a ramp at the end of the run, with a
temperature higher than that of the analytes (>20 °C) to allow for column/system cleaning.

VOCs were identified by comparing the mass spectra of the analytes with those found
in the spectral library of the National Institute of Standards and Technology (NIST 05 s),
with positive identification from standards of esters, ketones, acids, alcohols, aldehy-
des, and terpenes (Sigma-Aldrich), and were also identified through the experimental
linear retention index (LRI) of the analyte with the theoretical LRI reported in the litera-
ture (NIST 14.L and Pherobase databases [32]). The experimental LRIs were calculated
from the retention times of a homologous series of alkanes (C8-C40) (Sigma-Aldrich) ob-
tained under the same chromatographic conditions as the sample. The quantification of
volatile compounds was carried out using internal standardization with the addition of the
standard 3-octanol.

2.7. Statistical Analysis

Before analysis of variance (ANOVA), data was checked for normality of the residues
and homoscedasticity by the Shapiro-Wilk’s test and Hartley’s maximum F-test, respec-
tively. BoxCox transformation was performed if one of them was significant. The R software
v.4.3.0 (R Core Team, 2023) in R studio version 2023.12.1 was used for assumption checking.
ANOVA was performed in XLSTAT version 2023.2.0 (Lumivero, New York, NY, USA).
The x-risk was set at 0.05. For ANOVA, means of three bottles of each extraction method
of two independent extractions were compared by two-way ANOVA considering grape
varietal and extraction method as fixed factors as well as its interaction (varietal*extraction),
followed by Tukey’s HSD test performed on oenological and biological parameters to
ascertain any significant differences or interactions between variables.

For volatiles, beyond ANOVA, means were centered and scaled for variance once
in a column-wise direction to prevent the differences in the scale of volatile metabolite
abundances from affecting the assessment of sample differences. The order of columns and
rows of the scaled data was determined with hierarchical cluster analysis with Euclidean
distance and grouping with complete linkage, as described by Dupas de Matos et al. [9].
The heatmap was built using pheatmap package (version 1.0.12) in R (version 4.0.3) and
included 36 compounds in total (the four alkanes identified were removed since they
are odorless).

3. Results and Discussion
3.1. Yield

Yield of extraction produced is presented in Table 1. Extraction yield ranged from
23.12% to 57.38%. Utilization of PE method resulted in a yield of 41.18%, 33.23%, and
32.40% when CO, WN, and BO grapes were used, respectively. When CJE method was
used, 47.34%, 30.13%, and 23.12% of yield was obtained using CO, WN, and BO grapes,
respectively. Finally, when SE method was applied, verjuice yields of 57.38%, 42.12, and
31.80% were observed for CO, WN, and BO grapes, respectively.
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Table 1. Verjuice production yield by each extraction method across three grape varietals.

Yield * (%)

Grape Varietal
PE CJE SE
Concord (CO) 41.18 47.34 57.38
Bordo (BO) 32.40 23.12 31.80
White Niagara (WN) 33.23 30.13 42.12

* Expressed as kg of verjuice per 100 kg of grape. Represent the average of two independent experiments.
PE: pressing extraction; CJE: centrifuge juicer extraction; SE: steam extraction.

The verjuice yield observed in the present study was within the range previously
published in the literature. Specifically, the juice yield from pressing varied from 40% to
60% [3]. The phenological classification at which the grapes were harvested in this study
corresponds to between the bunch closure period and veraison [8]. However, phenological
stage consistency poses a challenge explaining low yields observed across the extraction
methods [3]. High yields were observed in CO-based verjuices, consistent with the yields
typically reported for grape juice production from this varietal. Not rarely, the blend for
grape juice production is made by combination of CO with BO varietals as a strategy to
reach a more ‘balanced’ beverage, since BO grapes highly contribute to red-violet color and
CO grapes to higher yield [33]. Overall, SE method resulted in a higher extraction yield,
likely due to the addition of exogenous water during the hot water extraction process. This
observation aligns with findings from previous studies on grape juice using this extraction
method [34].

3.2. Oenological Parameters

Results of oenological parameters of verjuice samples are presented in Figure 1. For
most of the parameters evaluated, significant effect (p < 0.05) was found for varietal,
extraction, and varietal*extraction interaction, except for pH (interaction varietal*extraction,
p > 0.05), indicating that the extraction method may yield higher values of pH in one
varietal but not in another.

The values of pH ranged from 2.04 to 2.64 (Figure 1a), and this parameter was not
affected by grape varietal (pyarietal = 0.191), but by extraction method (Pextraction = 0.009).
Higher pH was observed in CO verjuice when CJE was applied compared to PE, but did
not differ from SE. Extraction methods did not influence the pH of BO and WN verjuices
(p > 0.05).

For TA, values ranged from 28.3 g/L to 44.7 g/L (Figure 1b), and it was affected
by grape varietal (Pyarietal < 0.0001) and extraction (pextraction < 0.0001), with a significant
interaction (Pextraction*varietal < 0-0001). The lowest TA values of verjuice made with all grape
varietals (p < 0.05) were observed with the SE method. For BO grapes, higher values of TA
were observed when CJE and PE methods were applied; meanwhile, for CO, higher values
were observed just when PE method was used and for WN grape when CJE was used.

For TSS (Figure 1c), results ranged from 2.1 to 4.1 °Brix and it was affected by grape
varietal (Pyarietal < 0.001) and extraction (Pextraction < 0.001), with significant interaction
(Pextraction*varietal < 0-001). No differences in TSS were found in CO-based verjuice, regardless
of the method used (p > 0.05), whereas for BO and WN grapes, the extraction by SE resulted
in lowest values of TSS (p < 0.05) (Figure 1c). For BO grapes, extraction performed by CJE
and PE did not differ (p > 0.05), and for WN grapes, the utilization of the CJE method
resulted in higher TSS values (p < 0.05).
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Figure 1. Interaction plots of mean values of oenological parameters ((a) pH, (b)TA, (c) TSS,
(d) turbidity, (e) non-enzymatic browning, (f) malic acid, (g) tartaric acid, (h) glucose and (i) fructose)
of verjuices obtained from different grape varietals (O in black: Bordo, O in red: Concord, ¢ in blue:
White Nidgara) and extraction methods (CJE: centrifuge juicer extraction; PE: pressing extraction;
SE: steam extraction). P¢ Different letters indicate significant differences among extraction methods
for each grape varietal based on Tukey’s test. * Indicate significant differences among varietals within
the same extraction method.
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Turbidity ranged from 13.85 to 461.50 NTU (Figure 1d), and it was affected by grape
varietal (Pyarietal < 0.0001) and extraction (pextraction < 0.0001) with a significant interaction
(Pextraction*varietal = 0.005). Higher turbidity was observed when SE was applied, although
differences were not significant (p > 0.05) for BO and WN grapes when extraction was
performed by the PE method. When CO grape was used, CJE and PE methods presented
the lowest values of turbidity (p < 0.05).

For non-enzymatic browning, values varied from 0.350 to 1.214 (Figure le), which
was impacted by grape varietal (pyarietal < 0.0001) and extraction (Pextraction < 0.0001) with a
significant interaction (Pextraction*varietal < 0-0001). Higher values were observed when SE
method was used, but SE did not differ (p > 0.05) from PE and CJE methods for CO and
WN grapes, respectively. CJE and PE resulted in lowest values of non-enzymatic browning
when CO grape was used (p < 0.05).

Regarding organic acids, malic acid concentration ranged from 4.585 g/L to 8.055 g/L
(Figure 1f), and it was significant for grape varietal (pyarietal < 0.0001) and extraction
(Pextraction = 0.0035), as well as respective interaction (Pextraction*varietal < 0-0001). No differ-
ences in malic acid were found for both CO and WN grapes (p > 0.05), regardless of the
extraction method. In contrast, BO verjuices showed higher malic acid levels when CJE
and PE were used, although no significant differences were found between PE and SE
methods for this varietal. A similar trend was observed for tartaric acid, with concentra-
tions ranging from 12.295 g/L to 25.790 g /L. Tartaric acid levels were affected by grape
varietal (Pyarietal = 0.019), extraction method (Pextraction = 0-006) with significant interaction
(Pextraction*varietal = 0.012) (Figure 1g).

For sugars, glucose ranged from 0.995 g/L to 9.995 g/L (Figure 1h), and it was
significant for grape (Pyarietal = 0.0001), extraction (Pextraction < 0.0001), and their interaction
(Pextraction*varietal < 0.0001). For CO grapes, a higher amount of glucose was observed
when verjuice was extracted by CJE (p < 0.05). However, for WN and BO grapes, no
differences (p > 0.05) were found in glucose levels when using any of the methods. For
fructose, concentration varied from 2.075 g/L to 8.585 g /L (Figure 1i), and it was affected
by grape (Pyarietal = 0.0001) and extraction (pextraction = 0.0001), with significant interaction
(Pextraction*varietal = 0.0001). For CO grapes, highest (p < 0.05) values were observed with the
CJE method, whereas for both BO and WN grapes, no differences were found when CJE
and PE were applied, with lower values found by using the SE method.

The values of pH, TA, TSS, malic and tartaric acids, glucose and fructose observed
in the present work (Figure 1) are in line with the previous literature [1,2,7], indicating
features similar to V. vinifera-based verjuices. This highlights the great potential of using V.
labrusca grapes to produce verjuice as a strategy of innovation in the viticulture sector.

The lower values of TA and TSS generally observed when SE was used are probably
due to a dilution caused by the addition of water during the vapor extraction, as described
by Bresolin et al. [34]. For CO-based verjuice, although higher extraction yield was observed
(Table 1), extraction methods did not influence TSS values (p > 0.05), probably due to
incorporation of water in the juice, contributing to the lower concentration of solids in the
beverage [20,34]. A similar trend was observed during production of grape juices by steam
extraction compared to mechanical extraction procedures [20]. Additionally, hot water
extraction induces the depectinization of berry tissues and the increasing of surface tension
in the grape skin, causing the release of compounds that contribute to hazy appearance [20],
which helps to explain a higher turbidity in verjuices produced by the SE method in the
present work. The use of heat in this process contributes to the formation of Maillard
reaction compounds [35,36], resulting in increased non-enzymatic browning in verjuices
produced by the SE method. During mechanical extraction, the high energy applied during
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pressing is partially converted into heat, which can also lead to browning due to Maillard
reactions [35,36].

Glucose and fructose represent the main sugars in grapes; meanwhile, malic and
tartaric acids represent about 90% of the organic acids in the fruit [12]. At the beginning of
grape ripening phase, glucose and malic acid predominate over fructose and tartaric acid,
respectively [3,7], which was also observed in the present work (Figure 1f—i). Lower values
of these parameters in verjuice produced by the SE method may also be related to a dilution
during the hot water steam process [34], as observed for TA and TSS values. Glucose and
fructose also have important roles such as reducing sugars in Maillard reaction, which is
accelerated in high temperatures like with the SE method [35], thus reducing their amounts
in the verjuice samples studied.

Results of oenological parameters indicate that steam extraction led to dilution
and higher browning [20,34], while mechanical methods implied on better retained nat-
ural grape composition. Understanding acid and sugar dynamics (glucose/fructose,
malic/tartaric) within verjuice production is crucial for tailoring verjuice style and quality.
These findings provide industry with practical insights to guide choice of grape varietal
and processing method to achieve desired product qualities, aligning with consumer
preferences as demonstrated in the work of Dupas de Matos et al. [9].

3.3. Biological Properties

The results for polyphenolic content (TPC), antioxidant activities (ABTS, DPPH, and
RP), and anti-hypertensive activity are shown in Figure 2.
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Figure 2. Interaction plots of means for polyphenolics compounds with antioxidant and anti-
hypertensive activities in verjuices obtained from different grape varietals ((J in black: Bordo, O in
red: Concord, ¢ in blue: White Nidgara) and extraction methods (CJE: centrifuge juicer extraction;
PE: pressing extraction; SE: steam extraction). abe Different letters indicate significant differences
among extraction methods for each grape varietal based on Tukey’s test. * Indicate significant
differences among varietals within the same extraction method.
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TPC ranged from 874.640 to 1317.415 mg GAE/L, and it was affected by grape
(Pvarietal < 0.0001) and extraction (Pextraction < 0.0001), with a significant interaction
(Pextraction*varietal < 0.0001). For CO and BO grapes, the highest amount of TPC was found
when CJE and SE were used, whereas for WN grapes, the lowest values (p < 0.05) were
found with the SE method (Figure 2a).

The antioxidant activity measured as reducing power ranged from 0.877 to 3.077
(Figure 2b) and was affected by grape (Pyarietal < 0.0001) and extraction (pextraction < 0.0001),
with a significant interaction (Pextraction*varietal < 0-0001). Higher values were extracted
when the CJE method was used in WN and BO grapes, although for the former varietal the
CJE did not differ (p > 0.05) from the SE method. For CO grapes, higher values (p < 0.05)
were observed with the SE method. For ABTS, values of antioxidant activity ranged from
365.667 to 2102.33 mmol TE/L (Figure 2c) and was affected by both grape (pyarietar < 0.0001)
and extraction (Pextraction < 0.0001), with a significant interaction (Pextraction*varietal < 0-0001).
For BO grapes, the extraction method did not impact on the antioxidant activity (p > 0.05).
On the other hand, higher values (p < 0.05) were observed when the CJE method was used
in WN grapes and the SE method used in CO grapes. For DPPH, values ranged from
211.200 to 1479.200 mmol TE/L (Figure 2d) and were significant for grape (pyarietal < 0.0001),
extraction (Pextraction < 0.0001), and its interaction (Pextraction*varietal < 0-0001). Higher DPPH
antioxidant activity was observed with the SE method, although differences for BO and
WN grapes were not significant (p > 0.05) when CJE was employed. When PE was applied,
lower DPPH values were observed for all grape varietals (p < 0.05).

The anti-hypertensive activity values ranged from 82.7% to 98.2%, which was affected
only by the method (Pextraction = 0.012, Figure 2e). Considering only the extraction method
as a factor in the ANOVA, CJE and PE yielded higher (p < 0.05) than SE, which is likely due
to the thermal degradation by steam from the SE method.

Total phenolic compounds (TPC) in red berries are the main contributors to antioxidant
activity and play a role in anti-hypertensive effects [20,37-39]. Among these, anthocyanins
are important phenolic compounds in red grape varietals and account for a substantial
proportion of the TPC [40], in line with the findings of the present study (Figure 2a).
Grapes present high amounts of polyphenolics bounded to vegetable cell walls that are
not easily extractable [37,40]. The hot water steam can help break down linkage of these
compounds in the food matrix by releasing them to the juice [20,22]. In the CJE method,
fruits are completely disintegrated, and possibly more polyphenolics are extracted from
seeds, increasing TPC and the antioxidant activities studied herein. Also, mechanical press
seems to give enough energy to break the polyphenolic and food matrix bonds.

Regarding anti-hypertensive activity, grape varietals did not impact on the capacity
of ACE inhibition, but results indicated that extraction method did. Utilization of the SE
method resulted in lower activity than both PE and CJE methods, which did not differ
between them (p > 0.05). TPC are usually related to anti-hypertensive activity of berries,
and they act mainly through modulation of renin—-angiotensin—-aldosterone system vascular
smooth muscle cells contractility [41]. Additionally, phenolic monomers exhibit competitive
inhibition of ACE [42], which is a phenomenon that could also happen in the SE, decreasing
anti-hypertensive activity in verjuices when hot water steam was applied. Regardless of
extraction method or grape varietal, verjuice presents important amounts of compounds
with health-related properties which reinforce its utilization of a functional ingredient in
food applications in line with its history of use in Iranian folk medicine, for example [43].

3.4. VOC

Forty (40) VOCs were identified in the nine verjuice samples and means are presented
in Figure 3 (full details, including codes used within Figure 3, can be found in Table S1).
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Alkanes (octane, nonane, undecane, and dodecane) were not presented within the results

since they are odorless.
BO_PE
) I .
BO_CJE

I BO_SE 1
] CO_PE
[ co clE !
l] CO_SE -2
EH W [ L pe
I
101

WIN_CJE

Wih_SE

Figure 3. Heatmap with hierarchical dendrograms of the volatile metabolites identified t in the
verjuice samples. Each column represents a metabolite, and each row represents a sample. For
heatmap visualization, the abundance of each metabolite was scaled to variance one. Color scale
indicates that blue tones are a negative relation and red a positive relation. Metabolite codes are
found in Table S1. BO: Bord6 grape; CO: Concord grape; WN: white Nidgara grape; PE: pressing
extraction; CJE: centrifuge juicer extraction; SE: steam extraction. T Alkanes are not presented in the
figure since they are odorless.

The VOCs were composed by alkanes (4), acids (3), alcohols (8), aldehydes (6), es-
ters (11), ketones (2), terpenes (4), and others (2). Dupas de Matos et al. [9] identified
31 volatiles across 13 commercial verjuices from different countries. In comparison with the
present study, only the aldehydes hexanal and 2,4-dimethyl-benzaldehyde were commonly
detected, suggesting that V. labrusca-based verjuices may exhibit a broader aroma profile.

Figure 3 shows that BO verjuices presented higher amounts of volatiles, overall.
Specifically, for the BO-based verjuices made from PE and CJE methods (non-thermal
treatments), the common volatiles were 2-ethyl-hexanoic acid (Acl) and octanoic acid
(Ac2); 1-nonanol (Alc8); aldehydes benzaldehyde (Ald3) and 1-methylene-1H-indene
(Ald4); eucalyptol (Terl), and p-menth-1-en-8-ol (Ter4); and other compounds such as
2-(hexyn-1-yl)-3-methoxymethylene-oxirane (Othl) and 2,4-bis(1.1-dimethylethyl)-Phenol
(Oth2). The utilization of SE method to produce BO verjuice, compared to other extraction
methods, highlighted the extraction of butyl butyrate (Est6) and p-menth-1-en-8-ol (Ter4).
For CO verjuices, PE and CJE methods highlighted for alcohols (Z)-4-hexen-1-ol (Alc3)
and (E)-2-hexen-1-ol (Alc4); aldehyde hexanal (Ald1), and ester hexyl formate (Est8). For
CO verjuice, the SE method had lower concentration of (E)-2-hexen-1-ol (Alc4) compared
to both non-thermic methods (PE and CJE). For WN verjuices made from PE and CJE
methods, several volatiles were commonly highlighted including 2-ethyl-hexanoic acid
(Acil), (Z)-4-hexen-1-ol (Alc3); hexanal (Ald1), hexyl formate (Est8), propanoic acid, 2-
methyl-, 3-hydroxy-2,4,4-trimethylpentyl ester (Est10), and propanoic acid, 2-methyl-,1-
(1,1-dimethylethyl)-2-methyl-1,3-propanediyl ester (Est11), linalool (Ter2), and menthol
(Ter3). When SE method was used for this grape varietal, nonanoic acid (Ac3), alcohol (Z)-4-
hexen-1-ol (Alc3), and 5-(hydroxymethyl)-2-furancarboxaldehyde (Ald6) were highlighted.
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Overall, volatile acids and alcohols were commonly found in verjuice made from
both PE and CJE methods. These compounds are usually related to fermentation in
beverages [44], which is in line with the non-thermal extraction methods used in the
present work. Specifically, for the SE method, acids and alcohols were generally present
in low amounts which could be due to microbial inactivation and evaporation of these
compounds. Dupas de Matos et al. [9] indicated that marginal amounts of ethanol can
be present in verjuice, and their previous work [45] showed that fermented flavors were
commonly used by consumers to describe commercial verjuices. In general, the alcohols
identified (Table S1) are characteristic of herbaceous/green aromas which could be a desired
sensory feature when used in cooking and/or salad dressings [9]. Higher amounts of such
compounds in the PE method (Figure 3, Table S1) may be due to longer processing time
needed for juice extract, enabling initial microbial growth, despite utilization of sulfites
during verjuice production (Section 2.2). Differences among grape varietals are likely due
to variations in TSS and acidity, which influence the efficiency of compound extraction
from grapes [9,44].

Aldehydes are usually derived from lipid oxidation, amino acid degradation, or
microbial growth [46]. Hexanal (Ald1), which presents a grassy/green aroma [47], was not
identified in BO samples when CJE and SE were used (Table S1). Regarding benzaldehyde
(Ald3), known for its burned sugar aroma, cheery, almond, or marzipan-like aromas [48,49],
it was not identified in CO verjuice, regardless of the method used (Table S1), and it was
not present in WN verjuice when the SE method was used. Based on these compounds
recognized aromas in the literature, V. labrusca-based verjuice would also be suitable to be
used in marinades, salad dressing, or deglazing, as suggested by Dupas de Matos et al. [9].
Benzaldehyde was highly extracted by the PE method in both BO and WN verjuices,
indicating that SE could lead to compound evaporation due to the thermal treatment [20].

Esters are critical compounds in fruit beverages since they contribute to fruit and floral
notes and present low odor thresholds [44]. These compounds are important drivers of
linking for verjuices, mainly when it is intended to be consumed as a beverage [9]. The
majority of esters and aldehydes were identified in lower amounts in SE-based verjuices
likely due to high temperatures used in the SE method and thus losses during evaporation.
Fruity and floral notes were found to be key drivers of liking in verjuices, mainly when
they were proposed as drinks and/or as an ingredient with other beverages [9]. Nine esters
were identified in the samples of the present work; meanwhile, Dupas de Matos et al. [9]
observed only one ester (ethyl acetate) across commercial verjuices, which was not observed
herein, suggesting that verjuice made from V. labrusca may exhibit a broader aromatic
profile, although the use of thermal extraction methods could influence the concentration
of these compounds.

Terpenes, which are secondary plant metabolites, are biologically synthesized ei-
ther through the cytosolic mevalonic-acid pathway, originating from three acetyl-CoA
molecules, or through the plastidial methylerythritol phosphate pathway, derived from
pyruvate and glyceraldehyde-3-phosphate [50]. Terpenes are often characterized by citric
and floral aromas in beverages [44], which have been shown to drive liking of verjuice as a
beverage [9]. Eucalyptol (Terl) was not observed in either CO grapes for any extraction
method (Table S1) and for WN verjuices it was identified only when CJE was applied. For
BO verjuice, eucalyptol was extracted in higher amounts (p < 0.05) when CJE was used
compared to the other methods (Table S1), indicating the need for complete disruption
of grapes’ material for this compound to be extracted. Similar behavior was observed
for menthol (Ter3), in which higher amounts were identified when the CJE method was
used, except for WN, in which CJE and PE did not differ (see Table S1). WN showed a
higher amount of linalool in both PE and CJE methods, which aligns with the pleasant
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aroma profile typically associated with fruit juices [51]. For linalool (Ter2), higher (p < 0.05)
amounts were observed in BO and WN grapes with both non-thermal methods (PE and
CJE), but when SE was used to produce BO verjuice, higher (p < 0.05) amounts of the
compound were observed (which did not differ from the CJE method). This highlights
the importance of evaluating the combination of grape and extraction method to produce
verjuice with these critical compounds driving consumer acceptance.

4. Conclusions

In conclusion, verjuice from V. labrusca varietals exhibited physicochemical charac-
teristics within the range previously reported for V. vinifera verjuices, suggesting that
juice grapes, such as V. labrusca varietals, also have potential as raw materials for pro-
ducing this innovative and sustainable beverage. Additionally, verjuice from V. labrusca
varietals showed to be a polyphenolic-rich product with interesting antioxidant and anti-
hypertensive activities. Also, the grape varietals used presented a wide range of volatile
compounds, with herbaceous-related compounds highlighted. Within the conditions stud-
ied, BO grape presented higher amounts of volatile compounds and the CJE method yielded
similar results to PE, which is the most documented method in the literature for making
verjuice. Additionally, CJE proved to be an efficient method to obtain verjuice similar to
those produced by PE, making its application in this context highly novel, expanding the
range of possibilities for the production of verjuice. On the other hand, SE showed higher
turbidity and non-enzymatic browning and lower concentration of volatile compounds,
overall. As highlighted by Dupas de Matos et al. [9], the preferred characteristics of verjuice
can vary depending on the intended use case scenario. For example, when consumed as a
beverage, higher TSS and lower acidity are likely to be preferred due to sweetness being the
main driver of liking. In contrast, for culinary uses such as marinades or salad dressings,
higher acidity is often more desirable. Therefore, the optimal extraction method depends
on the specific application. However, it is important to emphasize the significance of the
interaction between grape varietals and extraction method, indicating that further research
is essential for the effective large-scale implementation of verjuice produced from different
grape varietals and alternative methods.
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/ /www.mdpi.com/article/10.3390/app152111531/s1, Table S1. Volatile compounds identified in
verjuices produced by Concord (CO), Bordd (BO) and White Nidgara (WN) grape varietals extracted
by different methods (PE: pressing extraction; CJE: centrifuge juicer extraction; SE: steam extraction).
abe different letters indicate significant differences among extraction methods for the same grape
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Abbreviations

The following abbreviations are used in this manuscript:

CcoO Concord grape varietal

BO Bord6 grape varietal

WN White Nidgara grape varietal

PE Pressing extraction

CJE Centrifuge juicer extraction

SE Steam extraction

TPC Total phenolic compounds

ABTS Antioxidant activity measured by the 2,2-azino-bis(3-ethylbenzothiazoline-6-
sulphonic acid) method

DPPH Antioxidant activity measured by 2,2-difenil-1-picrilhidrazil method

VOC Volatile organic compounds

GAE/L Galic acid equivalent per liter

mmol TE/L  Mili mol Trolox equivalent per liter

TSS Total soluble solids

TA Titratable acidity
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