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Abstract: Lipids are a diverse group of organic compounds that serve essential roles due to their
biological functions for all prokaryotic and eukaryotic organisms. Despite the fundamental role of
lipid class in plants, there is still a relatively low level of knowledge regarding the composition of
grape lipids. This research represents the first investigation into the lipids of the Croatian grape
variety ‘Maraština’ (Vitis vinifera L.), employing a targeted approach and the UHPLC-MS/MS method
to conduct a comprehensive analysis of the lipid profile of grape skins. The study investigated the
profile of free fatty acids, glycerolipids, glycerophospholipids, triterpenoids, sphingolipids, and
free fatty acid esters in eleven vineyards located along the cultivation area of ‘Maraština’ variety
(Dalmatia, Croatia). Grape skins from vineyards that were exposed to more sunlight and higher daily
temperature during the vegetation period mainly resulted in a richer profile of free fatty acids. Among
lipids, ‘Maraština’ grape skins were characterized mainly by a triterpenoid compound; oleanolic
acid (249.49 µg/g of FW), and free fatty acids, especially palmitic acid C16:0 (26.09 µg/g of FW),
and lignoceric acid C24:0 (12.40 µg/g of FW). Hierarchical clustering analysis represented valuable
insights into the diversity of lipids in ‘Maraština’ grape skin.

Keywords: lipids; UHPLC-MS/MS; grape skin; ‘Maraština’ variety; free fatty acids

1. Introduction

Lipids encompass a broad category of organic compounds known for their diversity.
According to their chemical building blocks they are classified into eight categories: fatty
acyls, glycerolipids, glycerophospholipids, sphingolipids, saccharolipids, polyketides,
sterols, and prenol lipids [1]. Lipids possess diverse functions, including serving as a source
of energy, contributing to structural elements, regulating biological processes, participating
in signaling, and facilitating cellular communication [2,3]. Considering structural diversity,
each of these categories encompasses different classes and sub-classes, thereby contributing
to the overall complexity of lipids. Among plant cells, the most prevalent lipids are derived
from the biosynthetic pathways of fatty acids and glycerolipids. Other groups of lipids are
derived from the isoprenoid pathway, such as sterols [4].

The lipid content in grapes ranges from 0.15% to 0.24% of the fresh weight [5]. A study
by Higgins and Peng identified the presence of glucolipids, phospholipids, and neutral
lipids in both the skins and pulp of Condour grapes back in 1976 [6]. Recently, Garcia-Aloy
et al. [7] published work about the comprehensive characterization of the lipidome in
Ribolla Gialla grape berries and discovered previously unreported lipid compounds in
grapes. The lipidome of the grape berry was found to be complex, with a diverse range of
lipid compounds belonging to various lipid classes. These lipids were observed in differ-
ent compartments of the grape berry and at different stages of maturation. Notably, the
presence of methylated phosphatidic acid in grape samples was reported for the first time,
suggesting a novel finding. An atypical lipid class known as acylated monogalactosyldia-
cylglycerols was also identified. These observations highlight the diverse and unique lipid
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composition of grapes. Lipid concentrations in grapes are affected by climatic conditions
such as light exposure [8]. Of the geographical parameters in a wine-growing region, the
climate is an important determinant of grape and wine composition [9]. Another study
showed that grape berries from the Alvarinho white variety are more photosynthetically
active when exposed to a higher number of sunlight hours, especially at the green phase of
ripeness [10]. Irrespective of skin color, the most abundant unsaturated fatty acids (UFA)
found in Vitis vinifera berries are the C18 acids, specifically linoleic acid (C18:2), oleic acid
(C18:1), and linolenic acid (C18:3) [11,12]. The presence and levels of free fatty acids, both
unsaturated and saturated, play a crucial role in influencing the production of volatile
compounds by wine yeast [13]. During alcoholic fermentation, yeasts utilize only fatty
acids in free form but not complex lipids with bounded fatty acids [14]. Furthermore, the
lipid composition of grapes is essential in yeast cells because it stimulates the growth of
yeasts and affects their metabolism in alcoholic fermentation [15]. The membrane structure
of yeast significantly influences stress tolerance and resistance to substances such as acetic
acid, ethanol, or acetaldehyde. In addition to encountering stressful environments, yeast
cells have developed various molecular pathways to enable them to respond and adapt to
changes in their surroundings [16].

Although many analytical techniques for the determination of grape lipidomics have
been developed [17,18], they often involve time-consuming preparation procedures. Mass
spectrometry has been widely utilized for the analysis of specific lipids. Gas chromatog-
raphy with mass spectrometry (GC-MS) platform is commonly applied for lipid analysis,
particularly for compounds like free fatty acids and steroids, which often require the deriva-
tization of compounds in the sample matrix [19]. The development of high-resolution MS
soft ionization methods has greatly facilitated the detection of compounds belonging to
the cellular lipidome [20]. In recent years, due to the chemical complexity of grape-wine
matrices and the lipid structural diversity and complexity, mass spectrometry (MS) in
tandem with ultra-high-performance liquid chromatography (UHPLC) has become the
innovative platform for detailed lipidomic analysis [2,21]. UHPLC-MS/MS method has
good sensitivity, specificity, and dynamic range [22].

This study focused on the lipid composition of V. vinifera L. cv. ‘Maraština’ berry
skin from 11 vineyards located along a cultivation area considering the ‘Maraština’ as
one of the significant indigenous white grape cultivars in Dalmatia. According to our
knowledge, there are no reports on grape lipidomic in this variety. The objective was to
investigate the comprehensive profile of lipids in ‘Maraština’ grape skins using a targeted
approach by UHPLC-MS/MS. These results will be valuable for further research related to
non-Saccharomyces yeasts isolated from cv. ‘Maraština’ [23].

2. Materials and Methods
2.1. Chemicals

The following chemicals purchased by Sigma-Aldrich (Milan, Italy) were utilized for
UHPLC analysis: methanol (CH3OH, LC-MS grade), acetonitrile (CH3CN, LS-MS grade),
chloroform (CHCl3), and 2-propanol (CH3CH(OH)CH3). Fluka-Sigma-Aldrich (Milan,
Italy) provided LC-MS grade formic acid (HCOOH) and ammonium formate (NH4COOH)
for the study. Aldrich-Fluka-Sigma S.r.l. (Milan, Italy) supplied the internal standards
stearic acid d3 and cholesterol, along with the antioxidant butylated hydroxytoluene.

2.2. Vineyard Site and Grape Samples

The grapes were selected from the germplasm collection of indigenous cultivars
planted at the Institute for Adriatic Crops and Karst Reclamation and 10 vineyards in the
2021 vintage. Vineyards represented the whole cultivation area of the V. vinifera cultivar,
‘Maraština’ in Dalmatia (Croatia, Figure 1). Five vineyards are positioned in the northern
part of Dalmatia: M1, M2, M3, M4, and M5. The vineyards M6 and M7 are located in
the central part of Dalmatia; and the M8, M9, M10, and M11 are situated on the island
of Korčula, southern Dalmatia. Table S1 provides detailed data for the characteristics
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of the vineyard site and climate data specific to the vineyards during the 2021 vintage
are reported in Table S2. Healthy grapes were harvested in three biological replicates at
technological maturity, glucose to fructose ratio equal to one. Detailed data about grapes
are represented in Table S3. Three randomized rows of vines were chosen for grape picking
in each vineyard. The nine representative bunches, approximately 3 kg, were collected
from three distinct vines, representing the top, middle, and end of the row. Each set of three
vines constituted one sample, and the samples were promptly transported to the laboratory.
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Figure 1. The geographical location of eleven ‘Maraština’ vineyards in Dalmatia, Croatia.

2.3. Samples Preparation for Lipid Extraction

In the laboratory, 100 grape berries were selected from various sections of grape in
each batch and stored at −80 ◦C. The frozen grape skins were separated from berries using
a pincette and prepared for homogenization into a powder. The powder was prepared with
an IKA A11 basic homogenizer (Staufen, BW, Germany) in a bath under liquid nitrogen.
Folch’s method [22,24] with the modifications described by Chitarrini [25] was used for
lipids extraction. A precise amount of 0.100 (±0.005) g of the powder was weighed and
transferred to the Eppendorf tube. Subsequently, 0.3 mL of CH3OH was added to the
tube. Samples were vortexed for 30 s. Afterwards, 0.6 mL of CHCl3 containing butylated
hydroxytoluene (BHT) at a concentration of 500 mg/L was added to the mixture and
followed by the addition of 10 µL of internal standard (stearic acid d3 at 100 µL/mL).
In the next step, the samples were subjected to orbital shaking for a duration of 60 min.
Furthermore, 0.25 mL of Mili-Q water was added to the samples. After a 10 min interval,
the samples were centrifuged at 3600 rpm for 10 min at 4 ◦C using a 3–30k Refrigerated
Centrifuge (Sigma, Darmstadt, Germany). The lipid-rich layer was carefully collected.



Appl. Sci. 2023, 13, 6446 4 of 10

The extraction was repeated by adding 0.4 mL of CHCl3 (with BHT)/ CH3OH/H2O in
the ratio of 86:14:1 v/v/v. Following the repeated centrifugation at 3600 rpm for 10 min
at 4 ◦C, the total lipid-rich layer (lower phase) was collected and combined with the
previously collected fraction. United lipid fractions were evaporated to dryness under
N2. Before UHPLC-MS/MS analysis samples were reconstituted in a solution of 300 µL
CH3CN/CH3CH(OH)CH3/H2O; 65:30:5 v/v/v which contained the 1 µg/mL of internal
standard cholesterol [2].

2.4. UHPLC-MS/MS Analysis of Lipids in Grape Skins

The analysis of lipids was performed using a UHPLC-MS/MS system consisting of
a Dionex 3000 UHPLC (Thermo Fisher Scientific, Dreieich, Germany) coupled with an
API 5500 triple-quadrupole mass spectrometer (Applied Biosystems/MDS Sciex, Toronto,
ON, Canada). The system was equipped with an electrospray source and an autosampler
(Dionex Thermo Fisher Scientific, Dreieich, Germany). The chromatographic separation
was carried out on a reversed-phase column, Ascentis Express C18 (150 mm × 2.1 mm,
2.7 µm; Sigma, Milan, Italy) maintained at 55 ◦C [22]. The flow rate was set at 0.26 mL/min,
and a sample injection volume of 5 µL was used at 10 ◦C. The mobile phase used in the
analysis consisted of two solvents. Solvent A was prepared by mixing 40% CH3CN in
water, along with NH4COOH at a concentration of 10 mM, and HCOOH at a concentration
of 0.1%. Solvent B was prepared by mixing 90% CH3CH(OH)CH3 with 10% CH3CN, and
also containing NH4COOH at a concentration of 10 mM and HCOOH at a concentration
of 0.1%. The instrument control and data acquisition processing was carried out using
Analyst™ software version 1.6.1, developed by Applera Corporation, located in Norwalk,
CT, USA. Calibration curves were constructed for quantification and based on selected
chemical standards. Data were expressed as µg/g of FW after normalization based on
the internal standard stearic acid d3. The lipids were detected using the multiple-reaction
monitoring (MRM) mode, which offers high selectivity and sensitivity of the ionization
method. Compounds were identified based on their reference standards, retention times,
and qualifier and quantifier ions. The specific details of compound identification can be
found in Table S4 of the referenced study [26].

2.5. Data Analysis

The statistical data analysis was conducted using IBM®SPSS® Statistics for Windows,
version 23.0, developed by SPSS Inc. based in Chicago, IL, USA. The lipid compound
data obtained from grape skins were subjected to the analysis of variance (ANOVA).
Additionally, post hoc multiple comparisons were performed using Tukey’s range test to
identify specific pairwise differences between the vineyards. The hierarchical clustering
analyses for the metabolomics data were conducted using MetaboAnalyst v.5.0 (University
of Alberta, Edmonton, AB, Canada). The specific analysis involved the application of the
Ward algorithm and Euclidean distance analysis to generate a heatmap. The heatmap
was created to visualize the clustering patterns and relationships among the data points
(accessed on 18 March 2023).

3. Results and Discussion

The concentrations of lipid compounds in ‘Maraština’ grape skins determined by a
targeted approach with the UHPLC-MS/MS method are shown in Table 1. The detected
compounds were categorized into different chemical-lipid classes. In total, 19 compounds
were identified, which including free fatty acids (10), triterpenoid (1), glycerolipid (1),
glycerophospholipids (2), sphingolipid (1), and free fatty acid esters (4).
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Table 1. Concentration (µg/g of FW) of fatty acids, triterpenoid, glycerolipid, glycerophospholipids, sphingolipid, and free fatty acid esters in ‘Maraština’ grape skin
for eleven vineyards.

Compound M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

Myristic acid (C14:0) 3.88 ± 0.59 abc 5.29 ± 0.4 bc 4.06 ± 0.33 abc 2.72 ± 0.56 ab 2.6 ± 1 ab 9.73 ± 2.14 e 2.36 ± 0.2 a 9.48 ± 0.95 e 8.37 ± 1.7 de 6.16 ± 0.58 cd 5.55 ± 0.75 c

Arachidic acid (C20:0) 3.56 ± 0.53 ab 2.56 ± 0.47 ab 2.64 ± 0.32 ab 3.91 ± 1.06 b 2.89 ± 0.72 ab 3.24 ± 2.22 ab 1.38 ± 0.23 a 7.35 ± 0.86 c 2.36 ± 0.2 ab 2.55 ± 0.31 ab 3.04 ± 0.35 ab

Palmitic acid (C16:0) 18.06 ± 3.69 abc 19.16 ± 2.92 abc 17.47 ± 2.65 abc 14.82 ± 5.62 ab 13.46 ± 3.95 a 19.37 ± 3.83 abc 14.93 ± 0.19 ab 26.09 ± 2.69 bc 24.01 ± 5.45 bc 20.51 ± 0.73 abc 19.45 ± 2.98 abc

Behenic acid (C22:0) 5.7 ± 1.48 ab 4.38 ± 0.55 ab 3.93 ± 0.49 ab 5.21 ± 1.35 ab 4.42 ± 1.57 ab 3.39 ± 2.56 ab 2.38 ± 0.49 a 6.18 ± 1.26 b 4.17 ± 0.13 ab 5.15 ± 0.58 ab 6.88 ± 0.9 b

Linolenic acid (C18:3) 0.41 ± 0.05 a 0.47 ± 0.11 a 0.5 ± 0.04 ab 0.4 ± 0.09 a 0.5 ± 0.16 ab 0.89 ± 0.37 b 0.38 ± 0.09 a 0.6 ± 0.11 ab 0.44 ± 0.25 a 0.32 ± 0.04 a 0.32 ± 0.06 a

Lignoceric acid (C24:0) 10.09 ± 2.62 ab 7.31 ± 2.24 ab 7.41 ± 1.59 ab 12.4 ± 1.47 b 10.72 ± 2.75 ab 9.19 ± 2.35 ab 6.7 ± 2.33 a 9.1 ± 1.48 ab 6.41 ± 0.49 a 8.81 ± 0.7 ab 10.8 ± 1.86 ab

Palmitoleic acid (C16:1) 0.57 ± 0.21 0.58 ± 0.17 0.81 ± 0.24 0.9 ± 0.43 0.44 ± 0.05 1.07 ± 0.69 0.51 ± 0.07 1.54 ± 0.84 0.96 ± 0.52 0.84 ± 0.08 0.59 ± 0.21
Oleic acid + cis-Vaccenic
acid (C18:1) 0.95 ± 0.13 0.89 ± 0.12 0.98 ± 0.19 0.85 ± 0.29 0.85 ± 0.26 1.01 ± 0.6 0.85 ± 0.03 0.92 ± 0.33 1.95 ± 1.74 0.95 ± 0.12 0.86 ± 0.13

Linoleic acid (C18:2) 0.65 ± 0.1 0.67 ± 0.17 0.64 ± 0.04 0.6 ± 0.12 0.63 ± 0.25 0.81 ± 0.17 0.65 ± 0.09 0.75 ± 0.05 0.66 ± 0.35 0.57 ± 0.04 0.61 ± 0.09
Stearic acid (C18:0) 8.57 ± 2 8.92 ± 1.29 9.91 ± 3.82 7.91 ± 2.5 7.78 ± 1.71 6.57 ± 2.34 8.21 ± 0.46 7.95 ± 3.72 9.02 ± 0.11 9.39 ± 0.75 8.7 ± 1.04
∑Free fatty acids 52.43 ± 10.69 ab 50.21 ± 6.78 ab 48.35 ± 6.83 ab 49.7 ± 13.11 ab 44.28 ± 12.02 a 55.28 ± 10.85 ab 38.34 ± 1.49 a 69.98 ± 6.42 b 58.35 ± 10.76 b 55.24 ± 3.38 ab 56.8 ± 7.6 ab

Oleanolic acid 218.93 ± 13.84 160.44 ± 15.09 189.7 ± 5.67 257.82 ± 68.17 233.84 ± 80.06 204.66 ± 22.09 249.49 ± 8.48 176.03 ± 19.12 175.66 ± 6.81 170.15 ± 8.14 208.89 ± 46.3
∑Triterpenoid 218.93 ± 13.84 160.44 ± 15.09 189.7 ± 5.67 257.82 ± 68.17 233.84 ± 80.06 204.66 ± 22.09 249.49 ± 8.48 176.03 ± 19.12 175.66 ± 6.81 170.15 ± 8.14 208.89 ± 46.3
1-linoleoyl-rac-GL 1.43 ± 0.14 a 1.52 ± 0.15 a 1.41 ± 0.21 a 1.34 ± 0.42 a 1.37 ± 0.51 a 3.28 ± 1.75 b 1.24 ± 0.18 a 2.15 ± 0.33 ab 1.55 ± 0.16 a 1.28 ± 0.1 a 1.32 ± 0.13 a

∑Glycerolipid 1.43 ± 0.14 a 1.52 ± 0.15 a 1.41 ± 0.21 a 1.34 ± 0.42 a 1.37 ± 0.51 a 3.28 ± 1.75 b 1.24 ± 0.18 a 2.15 ± 0.33 ab 1.55 ± 0.16 a 1.28 ± 0.1 a 1.32 ± 0.13 a

1,2-dioleoyl_PC 0.32 ± 0.15 0.3 ± 0.08 0.28 ± 0.07 0.37 ± 0.2 0.17 ± 0.07 0.54 ± 0.32 0.21 ± 0.13 0.3 ± 0.08 0.47 ± 0.06 0.29 ± 0.04 0.34 ± 0.08
1,2-dioleoyl_GLP_Na 0.45 ± 0.1 0.32 ± 0.06 0.4 ± 0.05 0.48 ± 0.15 0.38 ± 0.13 0.48 ± 0.26 0.27 ± 0.07 0.38 ± 0.17 0.35 ± 0.03 0.39 ± 0.08 0.5 ± 0.08
∑Glycerophospholipids 0.77 ± 0.25 0.63 ± 0.14 0.68 ± 0.11 0.85 ± 0.34 0.55 ± 0.2 1.02 ± 0.58 0.49 ± 0.19 0.67 ± 0.26 0.82 ± 0.08 0.68 ± 0.12 0.83 ± 0.15
Ceramide 0.02 ± 0.01 ab 0.01 ± 0 a 0.02 ± 0.01 ab 0.01 ± 0 a 0.01 ± 0 a 0.03 ± 0.01 b 0.02 ± 0.01 ab 0.02 ± 0.01 ab 0.02 ± 0.01 ab 0.02 ± 0 ab 0.01 ± 0 a

∑Sphingolipid 0.02 ± 0.01 ab 0.01 ± 0 a 0.02 ± 0.01 ab 0.01 ± 0 a 0.01 ± 0 a 0.03 ± 0.01 b 0.02 ± 0.01 ab 0.02 ± 0.01 ab 0.02 ± 0.01 ab 0.02 ± 0 ab 0.01 ± 0 a

Ethyl palmitate 0.36 ± 0.02 b 0.38 ± 0.04 b 0.34 ± 0.04 ab 0.34 ± 0.08 ab 0.28 ± 0.11 ab 0.14 ± 0.1 a 0.37 ± 0.13 b 0.28 ± 0.06 ab 0.31 ± 0.05 ab 0.39 ± 0.02 b 0.35 ± 0.02 b

Ethyl linoleate 0.03 ± 0 0.04 ± 0.01 0.07 ± 0.02 0.08 ± 0.02 0.06 ± 0.03 0.06 ± 0.03 0.08 ± 0.01 0.05 ± 0 0.05 ± 0.01 0.06 ± 0.01 0.06 ± 0.02
Ethyl oleate 0.25 ± 0.05 0.25 ± 0.02 0.24 ± 0 0.29 ± 0.1 0.22 ± 0.09 0.12 ± 0.11 0.24 ± 0.04 0.27 ± 0.01 0.22 ± 0.05 0.23 ± 0.03 0.29 ± 0.06
Ethyl stearate 0.26 ± 0.05 0.27 ± 0.04 0.33 ± 0.09 0.41 ± 0.13 0.31 ± 0.14 0.27 ± 0.19 0.37 ± 0.08 0.22 ± 0.09 0.26 ± 0.06 0.27 ± 0.04 0.3 ± 0.08
∑ Fatty acid ethyl esters 0.9 ± 0.09 0.95 ± 0.02 0.98 ± 0.11 1.11 ± 0.32 0.86 ± 0.35 0.6 ± 0.41 1.05 ± 0.11 0.83 ± 0.09 0.84 ± 0.14 0.94 ± 0.04 1 ± 0.17

1,2- dioleoyl_PC–1,2-dioleoyl-sn-glycerol-3-phosphocholine; 1,2-dioleoyl_GLP_Na–1,2-dioleoyl-sn-glycero-3-phospho-rac-(1-glycerol) sodium salt; 1 linoleoyl-rac-GL–1-linoleoyl-rac
glycerol. Different letters in the same row denote significant differences at p < 0.05.



Appl. Sci. 2023, 13, 6446 6 of 10

3.1. Free Fatty Acid Composition

Regarding saturation degree, ‘Maraština’ grape skins showed a higher abundance
of saturated fatty acids (SFAs) than unsaturated fatty acids (UFAs). A total of six were
saturated fatty acids: myristic acid, palmitic acid, stearic acid, arachidic acid, behenic acid,
and lignoceric acid. Saturated fatty acids were in higher concentration than unsaturated
fatty acids, especially palmitic acid (13.46–24.01 µg/g of FW) followed by lignoceric acid
(6.41–12.40 µg/g of FW), and stearic acid (6.57–9.91 µg/g of FW). In comparison to the
results reported by Santos et al. [12] for the V. vinifera cultivars (Benitaka and Brazil), our
study found that the ‘Maraština’ grape skin had higher concentrations of myristic acid and
lower levels of stearic acid, palmitic acid, behenic acid, and arachidic acid. When we look
through the prism of vineyards, the statistically different SFAs were behenic acid (vineyard
M11), lignoceric acid (vineyard M4), arachidic acid (vineyard M8), myristic acid (vineyard
M6), and palmitic acid (vineyard M8). From this trend, it is obvious that vineyards from the
Dalmatian southern part which had higher daily temperatures during vintage 2021 showed
higher concentrations of SFAs. This observation is opposite to a previous study on the
white variety where Garrido and coworkers [8] showed that a higher level of sunlight
during grape maturation had an impact on decreasing fatty acid in grapes. The selected
sampling area has a Mediterranean climate. Although the vineyards are located in the
same climate zone, their microclimate differences are obvious. Besides sunshine hours,
vineyards from the central and southern parts of Dalmatia had higher daily temperatures,
especially vineyards located on the island of Korčula (M8, M9, M10, and M11). Indeed, the
influence of vineyard factors such as geographical position, agricultural practices, and soil
type on the synthesis of fatty acids in grape skins is known. Although these parameters
were not specifically correlated in our research, it is important to highlight the impact on
the lipid composition of grapes.

On the other side, the UFA grape skin profile was mainly characterized by C18 fatty
acids; oleic acid + cis vaccenic acid (0.85–1.95 µg/g of FW), linoleic acid (0.60–0.81 µg/g
of FW), linolenic acid (0.32–0.89 µg/of FW), and one C16 fatty acid; palmitoleic acid
(0.44–1.54 µg/g of FW). Linolenic acid was the only compound with a statistical difference,
the highest concentration was quantified in vineyard M6. Grape skins from vineyard
M7 had a lower concentration of free fatty acids (38.34 µg/g of FW) even though the
vineyard M7 is located in a central part of Dalmatia with more sunlight and high average
daily temperatures. The only difference and possible cause of this is the higher altitude
(94 m above sea) in comparison with another vineyard from the central part of Dalmatia
(M6–14 m above sea). The analysis of ‘Maraština’ grape skins revealed that free fatty
acids are prominent components among the total lipids, which is consistent with findings
from other studies [2,11]. In comparison with some other results, ‘Maraština’ grape skin
had a similar concentration of total free fatty acids (38.34–52.63 µg/g of FW) like Albillo
Dorado (48.52 µg/g of FW) and Bobal Blanca (45.21 µg/g of FW) white variety, but more
than Airén white variety (27.78 µg/g of FW) [2]. Also, our results agree with the most
recent study [7] on untargeted grape lipidomic profiling confirmed that free fatty acids
with 12 and 16 carbon atoms are most common in grape lipidome. Furthermore, Perez-
Navarro and coworkers did not reveal the dependence of lipid concentration on grape color.
Duan and coworkers [27] suggested that the rational addition of mixtures of unsaturated
fatty acids to grape juice can enhance yeast growth and result in a more diverse volatile
profile in wine. This can include higher alcohols, acetate esters (such as isoamyl acetate
and 2-phenylethyl acetate), and ethyl esters. Linoleic and linolenic acids participate in
the lipoxygenase-hydroperoxide lyase pathway, where they serve as precursors for the
synthesis of aldehydes and alcohols with six carbons [28]. In addition, alcohols, esters,
aldehydes, as well as linoleic and linolenic acids, are involved in the production of volatile
thiols. These volatile thiols are responsible for carrying varietal aromas and contribute to
the tropical notes in the aroma of wine [29]. The importance of unsaturated fatty acids from
grape skin is also manifested in anaerobic conditions in fermentation because fermentation
suppresses the yeast’s fatty acid desaturation. The alternative option is the direct uptake of
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unsaturated fatty acids from grape juice. The addition of oxygen at the end of the growth
phase can regulate the process of alcoholic fermentation and promote the synthesis of sterols
and UFAs [30]. UFAs are crucial for yeast adaption to fermentation stress and fluidity
of membranes, especially one from grapes because in the beginning the biosynthesis of
fatty acids can be inhibited by a high content of sugar [31]. Increasing the incorporation of
UFAs into yeast cell walls can enhance yeast biomass and provide valuable support during
fermentation stresses, such as high sugar levels and ethanol toxicity [32,33]. However,
further research is necessary to investigate how different yeast utilize lipids from the
‘Maraština’ grape and their effect on the volatile profile of wine for a better understanding
of potential aroma improvement.

3.2. Triterpenoid, Glycerolipid, Glycerophospholipids, Sphingolipid, and Free Fatty Acid
Esters Composition

Plants are known for their abundant production of specialized metabolites that ful-
fil specific roles in adaption to environmental conditions. Indeed, triterpenoids are a
prominent subclass of specialized metabolites that play crucial roles in plant defence mech-
anisms [34]. They are formed from squalene molecules. Oleanolic acid is a pentacyclic
triterpenoid and is the most abundant compound in the lipid profile of ‘Maraština’ grape
skin (170.15–257.82 µg/g of FW) (Table 1) without statistical differences among observed
vineyards. The concentration in the grape skin of white and red varieties was much lower
(38.63–57.58 µg/g of FW) than in the ‘Maraština’ variety [2]. Oleanolic acid is a survival
factor for yeast cells in conditions with a lack of oxygen and increases the biomass of
yeast cells [35]. This presence of this component, unaffected by vineyard, is a notable
characteristic of the ‘Maraština’ variety. It is possible that oleanolic acid plays a crucial
role in facilitating the survival of the natural microbiota and contributing to the successful
completion of the spontaneous fermentation process, as reported in a previous study [36].

Glycerolipids are mono-, di-, and trisubstituted glycerols and represent a large group
of biological molecules in plant cells acting as structural and signaling molecules in intra-
cellular processes. The only glycerolipid found in grape skin is 1-linoleoyl-rac-glycerol in
a concentration between 1.24 to 3.28 µg/g of FW. ‘Maraština’ grape skin is characterized
by a higher concentration of 1-linoleoyl-rac-glycerol than other white varieties such as
Airen and Bobal Blanc [2]. Glycerolipids have been acknowledged as a compound group
that exhibits elevated levels in grapes cultivated under higher sunlight exposure, which
is related to the vineyards M7, M8, and M9 because they had the highest concentration.
Garrido and coworkers reported the impact of low and high light, where high light led to
the increase in ceramides, triacylglycerols, and glycerophospholipids at a mature stage [8].
In a similar situation as with free fatty acids, the M6 vineyard, situated at a higher alti-
tude, is characterized by the lowest concentration of glycerolipids (1.24 µg/g of FW) and
glycerophospholipids (0.49 µg/g of FW).

One of the primary structural constituents of yeast membranes is glycerophospho-
lipids. They are involved in membrane fluidity and signal transduction [37]. The content of
two identified and quantified glycerophospholipids in ‘Maraština’ grape skin reach similar
concentrations: 0.17–0.54 µg/g of FW for 1,2-dioleoyl-sn-glycerol-3-phosphocholine and
0.27–0.50 µg/g of FW for 1,2-dioleoyl-sn-glycero-3-phospho-rac-(1-glycerol) sodium salt
without statistical differences between the vineyards. Furthermore, these two glycerophos-
pholipids can serve as precursors for the synthesis of the sphingolipids and sterols, which
are essential for yeast growth and viability, impacting directly on alcoholic fermentation.

Ceramides are a family of waxy lipid molecules that are bioactive sphingolipids. In this
study, they are identified and quantified in concentrations of 0.01–0.03 µg/g of FW. They
are the least abundant group in lipid content and ‘Maraština’ grape skins from vineyard
M7 had the highest concentration.

Fatty acid ethyl esters (FAEEs) are more hydrophobic than triglycerides [38]. The
most abundant FAEE quantified and identified in ‘Maraština’ grape skins is ethyl palmitate
(0.15–0.39 µg/g of FW), followed by ethyl stearate (0.20–0.43 µg/g of FW), ethyl oleate
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(0.08–0.31 µg/g of FW), and ethyl linoleate (0.06 µg/g of FW). The only FAEE that showed
statistical differences is ethyl palmitate with the highest concentration in grape skin from
vineyard M10.

3.3. Multivariate Statistical Analysis

Hierarchical clustering analyses were performed using nine lipid compounds in
grape skins with a statistical difference among investigated ‘Maraština’ vineyards. The
heatmap generated from the data offered a visually informative representation of the varied
composition of grape skin lipids in ‘Maraština’ grapes sourced from different vineyards. It
is obvious that the main differences among vineyards are manifested in the content of free
fatty acids, which are mainly most abundant in vineyards from the central and southern
parts of Dalmatia: M10, M8, M7, M11, and M9. The exception is vineyard M6 (Figure 2;
orange color), situated at a higher altitude in central Dalmatia, with smaller contents of
free fatty acids, glycerolipids, and glycerophospholipids in the ‘Maraština’ grape skin.
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(minimum) to dark red (maximum). 1-linoleoyl-rac-GL—1-linoleoyl-rac-glycerol.

4. Conclusions

This study demonstrates the first results of lipid analysis in the ‘Maraština’ grape. The
UHPLC-MS/MS method was applied to identify and quantify various classes of lipids,
including free fatty acids, triterpenoids, glycerophospholipids, glycerolipids, sphingolipids,
and free fatty acid esters. This method was chosen for its high sensitivity, specificity,
and dynamic range, ensuring the reliable analysis of the detailed lipid profiles. Grape
skins of the ‘Maraština’ variety were mainly characterized by oleanolic acid belonging to
the triterpenoid class, and free fatty acids with a higher concentration of saturated fatty
acids than unsaturated fatty acids, especially palmitic acid, and lignoceric acid. Grape
skins from vineyards that were exposed to high sunlight and higher daily temperatures
throughout the vegetation year mainly resulted in a richer profile of free fatty acids. The
obtained results contributed to the characterization of the ‘Maraština’ grape composition.
Additionally, the identified lipids will be used for further research on the interactions
between lipids and fermentation metabolites produced by isolated non-Saccharomyces
yeasts from ‘Maraština’ grapes.
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