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Abstract: Understanding the impact of pre-treatment methods on the phytochemical composition of
grapes is essential for optimizing grape quality and producing raisins with desirable characteristics.
Therefore, this study meticulously analyzed the impact of two distinct pre-treatment methods, oak
ash and potassium carbonate (K2CO3), on the composition of essential phytochemical components in
grapes. This research encompassed phenolic compounds, anthocyanins, phenolic acids, flavonoids,
and phytoalexins. This study investigates the impact of pre-treatment methods, oak ash and K2CO3,
on the phytochemical composition of grapes. Significant differences were observed in anthocyanins,
flavonoids, phytoalexins, and phenolic acids between the treatments. Oak ash exhibited advantages
in preserving specific compounds, including higher levels of anthocyanins, flavonols, flavones,
flavanones, catechins, resveratrol, pterostilbene, and viniferin, compared to K2CO3. Notably, the
delphinidin-3-O-glycoside content was significantly higher in the oak ash treatment. An analysis
of phenolic compounds revealed distinctions in hydroxycinnamic acids, hydroxybenzoic acids,
benzaldehyde, and phenylacetaldehyde. Additionally, gallic acid, vanillic acid, trans-caffeic acid,
trans-p-coumaric acid, and (-)-epicatechin were significantly more prevalent in the K2CO3 treatment,
while ferulic acid and quercetin were more prevalent in the oak ash treatment. These findings
underscore the pivotal role of pre-treatment methods in shaping the phytochemical content of grapes,
thus holding critical implications for grape-derived products’ quality and potential health benefits.

Keywords: grape pre-treatment; phytochemical composition; raisin production; oak ash; potassium
carbonate

1. Introduction

Grapes are a diverse and versatile fruit of considerable importance, and they belong
to the Vitis genus and come in various colors, including green, red, and purple/black [1].
Grapes are not only enjoyed fresh but are also used to produce a wide range of products,
most notably wines [2–4]. Grapes are rich in essential nutrients, such as vitamins (par-
ticularly vitamin C and vitamin K), minerals (like potassium and copper), and dietary
fiber, contributing to a healthy diet [5]. Raisins have gained recognition for their remark-
able antioxidant content, enriched with vital phenolic compounds, namely flavonoids,
resveratrol, and quercetin. These antioxidants play a pivotal role in combatting oxidative
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stress, thus reducing the risk of age-related ailments and promoting overall well-being [6].
Additionally, raisins stand out for their high dietary fiber content, facilitating digestion and
offering sustained energy [7]. Notably, they are abundant in polyphenolic compounds such
as quercetin and catechins, renowned for their potent antioxidant properties. In contrast,
raisins, being dried grapes, not only contribute to robust bone health due to their calcium
content but also provide a concentrated source of the same essential nutrients found in
fresh grapes, enriched by the drying process [6].

Considering the esteemed status of grapes in our diet, it is noteworthy that they
encompass a diverse array of secondary metabolites, referred to as phenolic compounds.
These compounds are not exclusive to grapes but are also prevalent in raisins and various
plant species, underscoring their significance [7,8]. This protective capacity has far-reaching
implications for human health, reducing the risk of chronic diseases and fortifying our
overall well-being [9]. Raisins have earned their reputation for harboring potent antiox-
idants, effectively shielding our cells from the detrimental effects of free radicals. Their
well-established antioxidant and anti-inflammatory attributes play a pivotal role in curbing
the risk of chronic conditions like diabetes and neurodegenerative disorders [10]. Within
this category of phenolic compounds, flavonoids stand out as a prominent subgroup, dis-
playing a substantial presence in both grapes and raisins. Another facet worth mentioning
is the role of anthocyanins, a subgroup of flavonoid compounds; in addition to their contri-
bution to coloration, they possess potent antioxidant and anti-inflammatory properties and
are responsible for the vibrant red, purple, and blue hues seen in grapes and various other
fruits. Beyond their aesthetic value, anthocyanins offer tangible benefits to cardiovascular
health by enhancing blood vessel function and diminishing the risk of heart disease [11].
Furthermore, resveratrol, a widely recognized phytoalexin present in grapes, has garnered
substantial attention due to its promising health advantages. Its associations with cardio-
vascular protection, cancer prevention, and potential longevity enhancement have been
a subject of considerable research interest [12]. Phytoalexins, which are bioactive com-
pounds produced by plants, including grapes, in response to environmental stressors like
pathogens and UV radiation, are equally intriguing. Additionally, phenolic acids constitute
a subclass of phenolic compounds found in grapes and raisins, and are celebrated for their
anti-inflammatory and antioxidant effects. These attributes have been correlated with the
prevention of various chronic diseases, including cancer and cardiovascular disorders [13].
In the realm of viticulture, on the other hand, the application of K2CO3 and oak ash for
drying grapes introduces an intriguing dimension of sustainability, with potential implica-
tions for grape quality and secondary metabolite composition. Scientific investigations into
the environmental impact, resource efficiency, and long-term effects on grapevine health
resulting from these drying methods are essential for advancing sustainable viticultural
practices. Understanding the sustainability of grape drying techniques not only aligns
with the broader discourse on responsible agricultural practices but also holds the key to
preserving the diverse array of phenolic compounds discussed in this paragraph, thereby
ensuring the continued provision of the health benefits associated with grapes in a manner
harmonious with ecological considerations.

The grape drying process, which can be accomplished naturally by mechanically or
sun drying in specialized drying facilities, concentrates the natural sugars within the grapes,
enhancing their flavor and sweetness [7,8]. Drying grapes is a traditional food preservation
method that involves the removal of moisture from grapes, ultimately transforming them
into the delectable dried fruit known as raisins [14]. As the grapes lose moisture, they
shrink and become darker in color, resulting in the recognizable wrinkled appearance
of raisins. Raisins are a popular and nutritious snack enjoyed worldwide and are also
widely used in baking and cooking, adding natural sweetness and texture to a variety of
dishes [15]. In this regard, dipping grapes in various solutions such as K2CO3 and oak ash
is a technique employed in food science and culinary experimentation. Drying fresh grapes
after dipping them in solutions of K2CO3 and oak ash is a captivating process that combines
traditional and modern culinary techniques [16]. In historical contexts, the preservation of
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grapes through dipping processes in Asia Minor was characterized by the use of solutions
composed of olive oil and wood ash. Subsequently, a shift occurred, with the adoption
of specially formulated K2CO3 in combination with olive oil replacing wood ash [7,8].
Modern commercial cold dip solutions often comprise ethyl esters of fatty acids and K2CO3
as active components, applied using unheated water. Nevertheless, wood ash remains
favored due to its organic nature. Notably, the “Hot Dipping Technique” extensively em-
ployed in Hadim, Konya, involves immersing grape clusters in solutions consisting of both
K2CO3–olive oil blends and oak ash solutions, typically reaching temperatures of 70–90 ◦C
for brief durations, preserving grapes under shaded conditions and imparting a distinctive
emerald green hue. Moreover, the sustainability of grapes dried through the application of
K2CO3 and oak ash in viticulture hinges on understanding the environmental impact and
resource efficiency associated with these diverse dipping techniques. Scientific scrutiny
of the ecological footprint, energy consumption, and long-term effects on grape quality
and phenolic compound composition is imperative for advancing sustainable viticultural
practices. Aligning with the organic preference for wood ash in cold dip solutions, in-
vestigating the sustainability of grape drying methods not only addresses agricultural
practices but also underscores the importance of preserving traditional techniques, such
as the “Hot Dipping Technique”, that contribute to the distinctive qualities of grapes and
their environmental compatibility.

While there is a theoretical proposition suggesting that shade drying in raisins could
potentially result in superior quality products with enhanced biochemical constituents like
phenolic compounds, anthocyanin, phenolic acids, flavonoids, and phytoalexins, empirical
evidence supporting this hypothesis specifically in the context of cv. Gök Üzüm raisins is
lacking in existing studies. Therefore, the aim of this study is to explore the influence of pre-
treatment methods, specifically oak ash and K2CO3, on some phytochemical components
of cv. Gök Üzüm berries through the process of shade drying.

2. Materials and Methods
2.1. Plant Material

The cv. Gök Üzüm was procured from vineyards situated in Konya–Karaman, encom-
passing both the Karaman and Hadim Bozkir regions (37◦16′36′′ N 32◦11′55′′ E 1288 m asl).
The grapes were harvested on September 10. This study adopted a randomized complete
block design, comprising four replicates, each containing six vines. The experiment was
carried out in a single vineyard and the clusters were taken from the vineyard in which the
experiment was carried out. The vineyards were meticulously maintained with uniform
practices for fertilization, disease control, and pruning. In the context of irrigation, drip
irrigation lines were strategically placed along the central axis of the crop rows. These
lines were equipped with pressure-compensating emitters, each delivering a consistent
2.5 L/h output, spaced at intervals of 1.0 m (with one emitter per vine positioned between
adjacent vines). The irrigation system comprised two lines with emitters spaced 2.0 m
apart. Notably, each line served a specific set of vines and operated independently. This
deliberate positioning ensured the presence of an emitter between every two adjacent vines,
facilitating an alternating supply of water to each side of the root system. This alternating
water supply regimen was implemented on a bi-weekly basis. The grapevines, aged be-
tween 15 and 20 years, exhibited a planting density ranging from 1100 to 1150 vines per
hectare, adhering to a precise vine spacing protocol of 3 m within rows and 3 m between
rows. Notably, all the vines were meticulously grafted onto Kober 5BB rootstocks, and
their growth was managed through the Goblet training system, ensuring consistency and
comparability in the study’s vineyard environment.

2.2. Grape Sampling

In this research endeavor, cv. Gök Üzüm grapes, characterized by a ripeness ranging
between 20 and 21◦Brix, were meticulously hand-harvested from their primary production
areas located in Hadim, Turkey, during the year 2020. Following the harvest, clusters
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underwent careful trimming, involving the removal of damaged, undersized, infected,
and immature berries, a process performed with precision using scissors. The sampling
methodology remained consistent, involving the selection of 24 vines at random. Approx-
imately 20 kg of fresh grapes were thoughtfully collected from the lower, middle, and
upper segments of the clusters, ensuring optimal maturity representation. Each replicate
consisted of 5 kg of grape samples from six vines, adding up to a total of 20 kg collected
from the 24 vines involved in the study.

2.3. Preparation for the Drying Process

Specific pre-treatments were applied to the fresh grape clusters. To expedite the drying
of the grapes, they were immersed in solutions of either oak ash or K2CO3 at elevated
temperatures, ranging from 70 to 90 ◦C, for durations of 5 to 10 s. The oak ash solution
consisted of an equal volume mixture of oak ash and water, devoid of any additional
chemical additives. In contrast, the K2CO3 solution was composed of 5 to 6% K2CO3,
0.5 to 1% olive oil, and water. Subsequently, the treated grape clusters were arranged in
shaded attics, featuring strategically designed walls that facilitated the free circulation
of warm breezes within the attics. In this conducive drying environment, the grapes
underwent the drying process over a period of approximately 3 to 4 weeks, concluding
when their moisture content reached approximately 15% (Figure 1). The study design
followed a randomized complete block setup with four replicates, with each replication
involving three bags, each containing 300 g of grapes. Consequently, a total of 900 g of
raisin samples were extracted from each replication, adding up to 3600 g collected from
24 vines. Following the conclusion of the drying process, the recorded values for the
average temperature and relative humidity (RH) were 20 ◦C and 60%, respectively, and the
raisin samples were carefully placed in polyethylene bags, partitioned into twelve separate
300 g portions, securely sealed, and stored at a constant temperature of 20 ◦C until they
were ready for analysis.
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2.4. Analytical Methods for Phenolic Compounds

The mass concentration of the polymer forms of phenolic substances was determined
utilizing a colorimetric method, employing the Folin–Ciocalteu reagent by slightly modi-
fying the method developed by Vendramin et al. [17]. The grape berries were subjected
to homogenization, with approximately 20 g diluted in 100 mL of deionized water. Sub-
sequently, 5 mL of the homogenized solution was measured into a 20 mL headspace vial,
crimped, and maintained at 50 ◦C for 15 min for the analysis of benzaldehyde. A Solid-
Phase Microextraction (SPME) fiber was introduced into the headspace, allowing for the
sampling of compounds over a period of 35 min. Following this, the fiber was inserted
into the injector port of a gas chromatograph and desorbed for 10 min. The procedure
for aliphatic aldehydes followed a similar protocol, with the exception that they were
sampled at room temperature (25 ◦C) for a duration of 15 min. A solution with an initial
concentration of 1 g/L, obtained through the dilution of the extract, underwent oxidation
by Folin–Ciocalteu reagent (125 mL). Subsequently, the oxidized solution was neutralized
using sodium carbonate at a concentration of 20% w/v. The separation of hydroxycinnamic
acids was carried out using a C18 Lichrospher column (4 × 250 mm, 5 µm, Agilent Tech-
nologies Italia, Milan, Italy) in conjunction with a 1525 Binary Pump (Waters, Milan, Italy)
and a 2487 Dual Band Absorbance Detector (Waters, Milan, Italy). The analysis involved
freshly prepared verjuice that underwent centrifugation and filtration (0.2 µm) prior to
injection (10 µL) and subsequent examination, following the method proposed by Vanzo
et al. [17] with certain modifications. The mobile phase composition remained consistent
with the original method suggested by the authors, while adjustments were made to the
flow rate (0.6 mL/min) and gradient as follows: (A) Milli-Q water and 0.5% of formic
acid v/v, and (B) gradient-grade methanol and 2.0% of formic acid v/v. The gradient
program unfolded as follows: 0 min, 16% B; 7 min, 50% B; 8 min, 100% B; 8–12 min, 100% B;
13 min, 18% B; and 13–18 min, 18% B. The column temperature was maintained at 40 ◦C.
Detection of hydroxycinnamic acids and esters occurred at a wavelength of 280 nm for
purity determination and 330 nm for HCAs quantification. Peak areas were analyzed using
Breeze Version 3.3 software (Waters, Milan, Italy).

2.5. Analytical Methods for the Anthocyanin Content

Anthocyanin analysis was conducted using a method that involved slight modifica-
tions of Yousef et al.’s [18] approach. The assessment of anthocyanins in grape berries was
carried out using a high-performance liquid chromatography (HPLC) system, specifically
the Agilent 1100 Series system, manufactured by Agilent in Waldbronn, Germany. This
HPLC system was equipped with a diode array detector (DAD) (model G1315B) and cou-
pled to an LC/MSD Trap VL (model G2445C VL) ESI-MS/MS system. Data processing was
handled through the Agilent ChemStation (version B.01.03) data processing station. Mass
spectral data were further analyzed using the Agilent LC/MS Trap software (version 5.3).
For the analysis, anthocyanin extracts were injected at precise volumes of 10 µL onto a
reversed-phase column known as Zorbax Eclipse XDB-C18 (2.1 mm × 150 mm; 3.5 µm
particle; Agilent, Germany). The column temperature was consistently maintained at 40 ◦C.
The separation method was based on a previously established technique, with minor ad-
justments made to optimize the separation of the detected anthocyanins. The mobile phase
utilized for separation was a mixture of water, acetonitrile, and formic acid, consisting
of two solvent compositions: 88.5% water, 3% acetonitrile, and 8.5% formic acid (solvent
A); and 41.5% water, 50% acetonitrile, and 8.5% formic acid (solvent B). The separation
gradient proceeded as follows: 97% A and 3% B for 8 min; 70% A and 30% B over 20 min;
50% A and 50% B for 6 min; 0% A and 100% B for 4 min, maintained for 2 min, followed by
a return to the initial condition over 6 min. An 8 min conditioning period was incorporated
between injections. The flow rate was set at 0.19 mL/min. To determine the concentrations
of anthocyanin, a comparative approach was adopted using external standards. Calibration
standards, including Rutin (Quercetin-rutinoside), Quercetin (Quercetin-rhamnoside), Iso-
quercitin (Quercetin glucoside), and Cyanidin-3-O-glucoside obtained from Sigma–Aldrich
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Fluka in Madrid, Spain, as well as malvidin-3-O-glucoside (Oenin), Isorhamnetin glucoside,
and Procyanidin B1 from Extrasynthese in Genay, France, were employed for this purpose.

2.6. Analytical Methods for Phenolic Acids

The determination of phenolic acids involved a methodology with slight adjustments,
building upon the method developed by Pantelić et al. [19]. An ultra-high-performance
liquid chromatography (UHPLC) system, specifically the Dionex Ultimate 3000 UHPLC,
equipped with a diode array detector (DAD) and complemented by a mass spectrometer
(TSQ Quantum Access Max triple-quadrupole with heated electrospray ionization (HESI))
from ThermoFisher Scientific in Basel, Switzerland, was employed for this purpose. The
chromatographic separation was achieved using a Syncronis C18 column sourced from
ThermoFisher Scientific in Bremen, Germany. The mobile phase for gradient elution
comprised two components: a 0.1% aqueous formic acid solution (A) and 100% acetonitrile
(B). The elution process followed a well-defined gradient pattern: commencing at 5% B for
2.0 min, it gradually increased from 5% to 95% B over the next 10 min (spanning from 2.0
to 12.0 min). Subsequently, there was a rapid transition from 95% to 5% B in just 0.1 min
(from 12.0 to 12.1 min), and the mobile phase was maintained at 5% B for the ensuing
3 min. To quantify each individual phenolic compound, a direct comparison was made
with commercially available standards. The results of the analysis were expressed in terms
of concentrations, measured in milligrams per kilogram (mg/kg), of the berry samples
under examination.

2.7. Analytical Methods for Flavonoids

The analysis of flavonoids such as anthocyanidins, flavonols, flavones, flavanones,
and catechins extracted from the berries was conducted following a methodology originally
outlined by Brossa et al. [20], with specific modifications. In brief, each filtered extract,
amounting to 10 µL, was introduced into a liquid chromatography (LC) system, specifi-
cally the Acquity UPLC manufactured by Waters in Milford, MA, USA. Chromatographic
separation was executed using a C18 column (3.5 µm; 100 × 2.1, Waters, Milford, MA,
USA) maintained at a constant temperature of 42 ◦C, with its flow rate set at 0.3 mL/min.
For the detection and quantification of flavonoids, the Electrospray Ionization (ESI) mode
was applied, with positive ionization (UPLC-(ESI+)-MS/MS) for anthocyanins and neg-
ative ionization (UPLC-(ESI-)-MS/MS) for all other flavonoids. Spectra were recorded
within a range spanning from 100 to 900 atomic mass units per charge (amu/z). Addi-
tionally, UV/visible light detection was carried out at 365 nm for flavonols and 520 nm
for anthocyanins.

2.8. Analytical Methods for the Phytoalexins

Phytoalexin content was assessed with a modified version of the method developed
by Jeandet et al. [21]. Initially, samples were finely ground with sand in a mortar, and 30 mL
of a methanol–water mixture (8:2, v/v) was employed for extraction. Following this step,
the resulting mixture underwent centrifugation at 10,000× g for 15 min, which effectively
separated the supernatant for subsequent processing. Subsequently, a purification step
was executed on the supernatant using a Sep-Pak C18 cartridge (Waters, Milford, MA).
Elution was carried out with a 30 mL methanol–water mixture (8:2, v/v), and the eluate
obtained was evaporated to dryness while ensuring that the temperature did not exceed
40 ◦C. To prepare the berry extracts for analysis, the dried eluate was reconstituted in
methanol at a ratio of 10 mL per gram of fresh weight, and then meticulously filtered.
During high-performance liquid chromatography (HPLC) analysis, precisely 10 µL of each
sample, equivalent to 1 mg of fresh weight, was injected into the system for examination
and quantification.
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2.9. Statistical Analysis

Statistical analyses in this study were conducted using the integrated statistical pack-
age within R Studio. To comprehensively evaluate the impact of K2CO3 and oak ash, and
their potential influences on the concentrations of phenolic compounds, anthocyanin con-
tent, phenolic acids, flavonoids, and phytoalexins, a rigorous analysis of variance (ANOVA)
was performed, making use of the statistical package in R Studio. The statistical model
encompassed both main effects and interaction effects, with subsequent assessments to
confirm adherence to normality assumptions. Four distinct models were meticulously
constructed to assess the primary effects of K2CO3 and oak ash on the concentrations
of phenolic compounds, anthocyanin content, phenolic acids, flavonoids, and phytoalex-
ins. When statistical significance was identified through the ANOVA, post hoc analysis
was conducted using Tukey’s test, a well-established method for exploring differences
among multiple groups comprehensively [22]. To gain deeper insights and visualize the
relationships among various variables, PCAs for phenolic compounds, anthocyanin con-
tent, phenolic acids, flavonoids, and phytoalexins were plotted using ggplot2 within R
Studio [23]. PCA is a valuable analytical technique for reducing multidimensional data into
a more interpretable format, facilitating the identification of underlying patterns and trends
within complex datasets. The heatmap was produced utilizing the pheatmap package in
R Studio [24].

3. Results

The content of anthocyanidins was significantly higher in the oak ash treatment
(215 mg/kg) compared to the K2CO3 one (154.0 mg/kg), with a p-value of 0.001. The
flavonols’ content exhibited a significant difference, with oak ash (68.0 mg/kg) displaying
higher levels than K2CO3 (50 mg/kg). The flavones’ content was significantly higher in
the oak ash treatment (92.6 mg/kg) compared to the K2CO3 one (66.0 mg/kg), with a
p-value of 0.007. The flavanones’ content displayed a significant variance, with oak ash
(15.1 mg/kg) having higher levels compared to K2CO3 (11.0 mg/kg), and a p-value of
0.001. The catechins’ content was significantly higher in the oak ash treatment (61.6) com-
pared to the K2CO3 one (39.8 mg/kg), with a p-value of 0.005. On the other hand, the
resveratrol content showed a significant difference, with oak ash (33.8 mg/kg) having
higher levels compared to K2CO3 (23.2 mg/kg), with a very low p-value of 1.120. The
content of pterostilbene was significantly higher in the oak ash treatment (4.65 mg/kg)
compared to the K2CO3 one (3.77 mg/kg).

Piceid content exhibited a significant difference, with oak ash (3.04) showing lower
levels compared to K2CO3 (3.43 mg/kg), at a p-value of 0.003. Viniferin content was
significantly higher in the oak ash treatment (29.2 mg/kg) compared to K2CO3 (21.4 mg/kg).
The comparison of flavonoids and phytoalexins between the oak ash and K2CO3 treatments
revealed substantial differences in the composition of these compounds (Table 1 and
Supplementary Table S1).

The comparative analysis of anthocyanin content and phenolic acids between the oak
ash and K2CO3 treatments yielded substantial findings. While malvidin-3-O-glycoside
content showed no significant difference between the two treatments, other anthocyanins
exhibited noteworthy distinctions. The content of delphinidin-3-O-glycoside was signifi-
cantly higher in the oak ash treatment, indicating its potential as a beneficial pre-treatment
choice. The quantitative analysis of phenolic compounds in grape extracts revealed sig-
nificant variations between different glycoside forms. Malvidin-3-O-glycoside exhibited
comparable values of 165.0 and 171.0, with a p-value of 0.514, indicating a non-significant
difference (ns). In contrast, Delphinidin-3-glycoside demonstrated a statistically significant
decrease from 21.5 to 19.1 (p = 0.047). Similarly, cyanidin-3-O-glycoside and petunidin-
3-glycoside both exhibited significant reductions from 8.26 to 6.52 (p = 0.022) and from
32.3 to 24.8 (p = 0.004), respectively. Peonidin-3-O-glycoside showed a substantial decline
from 29.9 to 21.9 (p = 0.0016). Furthermore, malvidin-3-O-glucoside experienced a signifi-
cant reduction from 22.7 to 17.9 (p = 0.003). Additionally, malvidin-3-O-glycoside acetyl
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demonstrated a noteworthy decrease from 226 to 143 (p = 0.010). Conversely, peonidin-3-
glycoside acetyl did not exhibit a statistically significant difference, with values of 312.0
and 273.0 (p = 0.081). Notably, malvidin-3-O-glycoside-p-coumaryl displayed a reversal in
values, with an increase from 273.0 to 299.0 (p = 0.030). The analysis of the phenolic acids
in the samples yielded notable differences in the concentrations of specific compounds.
Hydroxycinnamic acids exhibited a statistically significant decrease from 12.5 to 11.0
(p = 0.036). Hydroxybenzoic acids did not demonstrate a statistically significant difference,
maintaining values of 14.0 and 13.2 (p = 0.131), indicated as ns (non-significant). Similarly,
benzaldehyde did not exhibit a significant difference, with concentrations of 148.0 and
103.0 (p = 0.291), marked as ns. In contrast, phenylacetaldehyde displayed a significant
reduction from 115.7 to 82.3 (p = 0.048) (Table 2 and Supplementary Table S2).

Table 1. Flavonoids (mg/kg) and phytoalexins (mg/kg) of the raisin grapes produced from cv. Gök
Üzüm that had undergone treatment with the oak ash or K2CO3 dipping solutions.

Oak Ash K2CO3 p-Value Significance Level

Flavonoids (mg/kg)
Anthocyanidins 215.0 ± 5.621 b 154.0 ± 5.132 a 0.001 **

Flavonols 68.0 ± 2.14 b 50.5 ± 2.72 a 0.010 *
Flavones 92.6 ± 3.31 b 66.0 ± 3.71 a 0.007 **

Flavanones 15.1 ± 2.02 b 11.0 ± 0.35 a 0.001 **
Catechins 61.6 ± 2.12 b 39.8 ± 2.89 a 0.005 **

Phytoalexins (mg/kg)
Resveratrol 33.8 ± 0.12 b 23.2 ± 0.40 a 0.020 ***

Pterostilbene 4.6 ± 0.3 b 3.8 ± 0.12 a 0.016 *
Piceid 3.0 ± 0.1 3.4 ± 0.1 0.003 **

Viniferin 29.2 ± 0.22 b 21.4 ± 0.61 a 0.001 **

Data are stated as averages of the data and their standard deviations. Different letters within a row indicate
significant differences (Tukey test: *, significant at p-value < 0.05; **, significant at p-value < 0.01; ***, significant at
p-value < 0.001).

Table 2. The anthocyanin content (%) and phenolic acids (peak/IS ratio) of the raisin grapes produced
from cv. Gök Üzüm that had undergone treatment with oak ash or K2CO3 dipping solutions.

Oak Ash K2CO3 p-Values Significance Level

Anthocyanin content
Malvidin-3-O-glycoside 165.0 ± 5.332 171.0 ± 5.834 0.514 ns

Delphinidin-3-O-glycoside 21.5 ± 0.15 b 19.1 ± 0.62 a 0.047 *
Cyanidin-3-O-glycoside 8.3 ± 0.9 b 6.5 ± 0.3 a 0.022 *
Petunidin-3-O-glycoside 32.3 ± 0.74 b 24.8 ± 0.94 a 0.004 **
Peonidin-3-O-glycoside 29.9 ± 0.52 b 21.9 ± 0.71 a 0.001 **
Malvidin-3-O-glucoside 22.7 ± 0.21 b 17.9 ± 0.57 a 0.003 **

Malvidin-3-O-glycoside acetyl 226.0 ± 13.134 b 143.0 ± 11.722 a 0.010 *
Peonidin-3-O-glycoside acetyl 312.0 ± 11.732 273.0± 11.234 0.081 ns

Malvidin-3-O-glycoside-p-coumaryl 273.0 ± 5.543 a 299.0 ± 5.577 b 0.030 *
Phenolic acids

Hydroxycinnamic acids 12.5 ± 0.31 b 11.0 ± 0.21 a 0.036 *
Hydroxybenzoic acids 14.0 ± 0.12 13.2 ± 0.23 0.131 ns

Benzaldehyde 148.0 ± 12.733 103.0 ± 26.134 0.291 ns
Phenylacetaldehyde 115.7 ± 8.943 b 82.3 ± 8.42 a 0.048 *

Data are stated as averages of the data and their standard deviations. Different letters within a row indicate
significant differences (Tukey test: *, significant at p-value <0.05; **, significant at p-value < 0.01; ns, not significant).

The analysis of phenolic compounds revealed noteworthy distinctions between the
oak ash and K2CO3 treatments. Gallic acid content was significantly higher in the oak
ash treatment (12.9 µg/L) compared to the K2CO3 treatment (11.0 µg/L), denoted by a
p-value of 0.0182. Similarly, vanillic acid content displayed a substantial variance, with the
oak ash treatment (19.5 µg/L) exhibiting higher levels in contrast to the K2CO3 treatment
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(16.5), with a p-value of 0.004. Trans-caffeic acid content was notably elevated in the oak
ash treatment (14.6 µg/L) compared to the K2CO3 treatment (11.7 µg/L), as evidenced by a
p-value of 0.008. Trans-p-coumaric acid content also demonstrated a significant distinction,
with the oak ash treatment (15.4 µg/L) revealing higher levels than the K2CO3 treatment
(12.1 µg/L), resulting in a p-value of 0.000. Furthermore, the ferulic acid content was
markedly different between the two treatments, with the oak ash treatment (2.9 µg/L)
displaying lower levels compared to the K2CO3 treatment (4.2 µg/L), as indicated by a
p-value of 0.000. In general, the contents of gallic acid, vanillic acid, trans-caffeic acid, trans-
p-coumaric acid, and (-)-epicatechin were significantly greater after the K2CO3 treatment
compared to the oak ash treatment, while ferulic acid and quercetin demonstrated greater
contents after the oak ash treatment than the K2CO3 one; however, there were no differences
in tyrosol, kaftaric acid, rutin catechin, and myricetin phenolic compounds between the
applied treatments (Table 3 and Supplementary Materials Table S2).

Table 3. Phenolic compounds (µg/L) of the raisin grapes produced from the Gök Uzüm cultivar with
oak ash and K2CO3 dipping solution treatments applied.

Oak Ash K2CO3 p-Values Significance Level

Phenolic Compounds (µg/L)
Tyrosol 20.2 ± 0.32 19.1 ± 0.51 0.210 ns

Gallic acid 12.9 ± 0.13 b 11.0 ± 0.32 a 0.018 *
Vanillic acid 19.5 ± 0.41 b 16.5 ± 0.33 a 0.004 **

Trans-caffeic acid 14.6 ± 0.25 b 11.7 ± 0.41 a 0.008 **
Trans-p-coumaric acid 15.4 ± 0.17 b 12.1 ± 0.24 a 0.001 ***

Ferulic acid 2.9 ± 0.1 a 4.2 ± 0.1 b 0.001 ***
Kaftaric acid 25.4 ± 0.19 23.5 ± 0.65 0.093 ns

Catechin 18.2 ± 0.22 17.8 ± 0.52 0.666 ns
(-)-Epicatechin 16.1 ± 0.24 b 11.7 ± 0.39 a 0.001 **

Quercetin 5.4 ± 0.1 a 7.3 ± 0.1 b 0.001 ***
Rutin 9.6 ± 0.3 8.4 ± 0.4 0.101 ns

Myricetin 8.2 ± 0.3 9.2 ± 0.5 0.292 ns

Data are stated as averages of the data and their standard deviations. Different letters within a row indicate
significant differences (Tukey test: *, significant at p-value < 0.05; **, significant at p-value < 0.01; ***, significant at
p-value < 0.001; ns, not significant).

Principal Component Analyses (PCAs) have been instrumental in unraveling the
relationships and alterations within the various components of phenolic compounds, an-
thocyanins, phenolic acids, flavonoids, and phytoalexins. These PCAs reveal vital insights
into the variance within these components. The findings indicate that Dim1 and Dim2
collectively explain 70% and 14.7% of the variance, respectively, shedding light on the
distribution and interplay of these compounds. Phenolic compounds, including gallic acid
and catechin, are widely distributed in the PCA (Figure 2A). Focusing on anthocyanin
content, Dim1 and Dim2 account for 71.5% and 14.9% of the variance, respectively. Antho-
cyanins like malvidin-3-glycoside and malvidin-3-O-glycoside-p-coumaryl are positioned
on the positive side of Dim1, while others reside on the negative side (Figure 2B). Turning
to phenolic acids, Dim1 and Dim2 elucidate 61.7% and 24.5% of the variance, respectively.
The dominant phenolic acids, hydroxycinnamic acids and hydroxybenzoic acids, exhibit
distinct positions in the PCA. The former gravitates toward the positive side of Dim1, while
the latter is closer to the positive side of Dim2 (Figure 2C). In the realm of flavonoids, Dim1
captures 93.3% of the variance, whereas Dim2 explains 5.6%. Compounds like anthocyani-
din, flavones, flavonols, and catechins are prominently clustered on the negative side of
Dim1, signifying the robust relationships among them. This is corroborated by the high
cos2 values, further emphasizing their importance in the PCA (Figure 2D). Examining
phytoalexins, the primary PC (Dim1) clarifies 93.2% of the variance, while the secondary
(Dim2) accounts for 4.1%. Key components, including pterostilbene, viniferin, and resvera-
trol, gravitate towards the positive end of Dim2, with piceid aligned with the positive end
of Dim1. The high cos2 values underpin the robust relationships depicted in this principal
component (Figure 2E).
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Figure 2. PCA biplots of berries colored by treatments. All phenolic compounds (A), anthocyanin
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representation of the variables of the principal components. Data size of each parameter was used to
construct the current graphs (n: 9).

Figure 3 presents a hierarchical heatmap that delineates the relative quantities of
various phytochemical components within the grape samples, such as phenolic compounds,
anthocyanin, phenolic acids, flavonoids, phytoalexins, and phenolic acids. The X axis
clusters these components, revealing the similarities and differences among them. Notably,
two distinct groups are discernible from right to left, spanning from viniferin to peonidin-3-
glycoside acetyl and from rutin to Pterostilbene. It becomes evident that oak ash and K2CO3
treatments partition these groups along the Y axis, signifying the treatments’ influence on
phytochemical compositions, with malvidin-3-O-glycoside and anthocyanidins emerging as
deep purple patches in the heatmap, indicative of their high concentration levels (Figure 3).
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4. Discussion

The comparative analysis of phenolic compounds in the grape samples revealed sig-
nificant differences between the oak ash and K2CO3 solutions. In general, the results of
this comprehensive analysis demonstrate the substantial impact of pre-treatment methods,
specifically oak ash and K2CO3, on the composition of phenolic compounds, anthocyanins,
phenolic acids, flavonoids, and phytoalexins in grapes. These findings underscore the
critical role of pre-treatment selection in shaping the phytochemical profile of grapes, with
profound implications for the quality and potential health benefits of grape-derived prod-
ucts. The substantial difference in the flavanones’ content, with K2CO3 surpassing oak
ash, indicates the preference for oak ash in preserving these compounds, likely attributed
to the unique characteristics of this treatment method. A comparison of phytoalexins
and flavonoids between the K2CO3 and oak ash solutions also yielded notable insights.
The significantly higher anthocyanidins content in the oak ash solution underscores the
promise of this pre-treatment method in enhancing these compounds, aligning with the
findings of Ünal et al. [25]. The elevated catechins content in the oak ash solution high-
lights its potential as a preferred choice for enriching these compounds, known for their
antioxidant properties [26,27]. Furthermore, the notably higher flavones content in the
oak ash solution suggests its efficacy in conserving these compounds, which is significant
considering the potential health benefits associated with flavones [28,29]. The significant
variance in the flavanols’ content, with K2CO3 surpassing oak ash, is in line with a previ-
ous study indicating the sensitivity of flavanols to different pre-treatment techniques [25].
Similarly, the notably higher pterostilbene content in the oak ash treatment emphasizes
its potential positive impact on this phytoalexin. In contrast, the lower piceid content
in oak ash compared to K2CO3 suggests the sensitivity of this compound to different
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pre-treatment methods [3,7,14]. Additionally, the significantly higher resveratrol content
in the oak ash treatment underscores its efficacy in preserving this compound, highly
regarded for its potential health benefits [30]. The greater viniferin content in the oak ash
treatment also suggests its potential as a preferred pre-treatment choice for influencing this
specific phytoalexin.

The gallic acid content was significantly higher in the oak ash treatment, highlighting
its potential health benefits [27]. The K2CO3 treatment exhibited higher a ferulic acid
content, indicating that different treatments can indeed exert varying effects on specific
phenolic acids [26]. Furthermore, the oak ash treatment demonstrated elevated levels of
trans-caffeic acid and trans-p-coumaric acid, suggesting its efficacy in preserving these
compounds, possibly attributed to the unique properties of oak ash. The notably higher
vanillic acid content in the oak ash treatment may also be a result of oak ash’s distinct char-
acteristics, with vanillic acid holding importance due to its antioxidant and antimicrobial
properties, rendering it a valuable component of grape products [31]. Collectively, these
results highlight the substantial influence of pre-treatment choice on the composition of the
phenolic compounds in grapes, aligning with prior research that emphasizes the impact of
pre-treatment methods on grape phenolics [3,7,8,14,32].

The substantially higher malvidin-3-O-glycoside acetyl and delphinidin-3-O-glycoside
content in the oak ash treatment emphasizes its importance as a pre-treatment choice
for influencing this specific anthocyanin, consistent with previous studies underscoring
the role of pre-treatment in shaping the anthocyanin profile in grapes [25]. The analysis
of the anthocyanin content revealed intriguing disparities between the K2CO3 and oak
ash treatments, aligning with prior studies highlighting the impact of pre-treatments on
anthocyanin content modulation [33]. Similarly, the significantly higher malvidin-3-o-
glucoside and peonidin-3-O-glycoside content in the oak ash treatment underscore the
potential benefits of this treatment for enhancing the retention of these anthocyanins.
Petunidin-3-glycoside and cyanidin-3-O-glycoside contents were notably elevated in the
oak ash treatment, reinforcing the idea that different pre-treatment methods can exert
varying influences on anthocyanins. These anthocyanins, known for their role in color
and their potential health benefits, further underscore the importance of pre-treatment
selection [34,35]. On the other hand, the notably higher phenylacetaldehyde content in
the oak ash treatment indicates its potential positive impact on this phenolic acid. The
higher hydroxycinnamic acids content in the oak ash treatment for phenolic acids’ enhance-
ment suggests its potential as a preferred choice for enhancing this specific compound.
Taken together, these findings emphasize the substantial influence of pre-treatment se-
lection on the anthocyanin content and phenolic acid composition in grapes, consistent
with previous research highlighting the role of pre-treatment methods in shaping these
components [28,36]. On the other hand, research on grape harvests, even when conducted
over a single year, provides valuable insights, enabling an understanding of the unique
characteristics of that specific year. While it highlights the specific environmental factors
of that year, it paves the way for acknowledging the need to consider broader variations
that may occur annually. For instance, studying the quality parameters of the Gök Üzüm
cultivar in a single year can reveal how it responds to specific weather patterns, soil fertility,
and other climatic conditions of that year, offering a snapshot of its potential variability.
Additionally, recognizing that changes in the characteristics of grapes can influence the
raisining process is insightful.

5. Conclusions

Our findings highlight the differential impact of pre-treatment methods, specifically
oak ash and K2CO3, on the preservation of distinct compounds within grapes. On the one
hand, K2CO3 excels in maintaining the content of ferulic acid and quercetin within the
grapes. The comparative analysis between the oak ash and K2CO3 treatments revealed sub-
stantial differences in the content of anthocyanins, phenolic compounds, and phenolic acids
in the grape extracts. Oak ash demonstrated a significant advantage in preserving specific



Horticulturae 2024, 10, 95 14 of 15

compounds, including anthocyanins, flavonoids, and phytoalexins. Notably, the higher
content of malvidin-3-O-glycoside acetyl, flavonols, and flavones in the oak ash treatment
underscores its efficacy as a pre-treatment method. The analysis of phenolic compounds fur-
ther emphasized their nuanced variations, with oak ash and K2CO3 treatments exhibiting
distinct impacts on specific phenolic acids. These findings contribute valuable insights into
the role of pre-treatment in shaping the phytochemical profile of grapes, offering potential
applications for tailored grape-derived products. However, the transformation of grapes
into raisins is intricately linked to the grapes’ quality and condition. Factors like sugar
content, acidity, and moisture levels, which might vary each year, are crucial to determining
the quality of the final raisin product. Hence, conducting research over multiple years
is vital to thoroughly understand these interactions and to innovate more effective and
flexible raisin production techniques. This multi-year approach is instrumental in gaining a
comprehensive perspective on how annual variations in grape characteristics can enrich the
raisining process and enhance the quality of the end product. Nevertheless, further research
is essential to delve into the underlying mechanisms behind these variations and explore
their implications for the quality and functionality of grape-based products, considering
their diverse applications in the food and pharmaceutical industries.
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