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Abstract — This study engaged high performance liquid chromatography-high-resolution mass
spectrometry with quadrupole time-of-flight (HPLC-HRMS/MS, QTOoF) to establish genotypic variation in
the comprehensive phenolic profiling of two white grape varieties, Thompson Seedless and Manik Chaman.
This investigation identified fourteen distinct phenolic compounds across both cultivars. Characterized each
compound based on precursor ion, quality fragment ion, mass error, retention time, accurate mass, and
fragmentation patterns. Dihydrocoumarin emerged as the primary marker compound in Thompson
Seedless, while Ethyl 2-aminobenzoate in Manik Chaman. Additionally, both varieties identified Arginine,
Hydroxycinnamic acid, and Quercetin as major contributors. Phenolic compounds are well known for their
antioxidant and anti-inflammatory properties. These compounds play a significant role in cancer prevention
and improving health in cardiovascular diseases. This study emphasizes the capability of HPLC-HRMS/MS
(QToF) for comprehensive metabolite profiling in different grape varieties. This approach helps to
understand the phenolic composition of these two varieties and helps distinguish their individuality from

other grape varieties.

INTRODUCTION

Grapes are a commercially important fruit crop
cultivated all over the world. Grapes are rich
sources of phytochemicals like phenolic compounds
with antioxidant and anti-inflammatory properties.
Phenolic compounds are secondary metabolites
having different chemical structures and functions
(Savalekar et al., 2019). Phenolic compounds are
categorized into two major groups: flavonoids and
non-flavonoids. In flavonoids, flavonols, flavan-3-
ols, and anthocyanins are the main classes, while in
non-flavonoids, stilbenes, hydroxycinnamic acids,
and hydroxybenzoic acids are the main classes
(Savalekar et al., 2019). These compounds
distributed in the different parts of grape berries
such as skin, pulp, and seed and they are directly
responsible for the organoleptic properties of

grapes, such as the color and taste of berries.
Compounds like phenolic acids, such as
phenylpropanoids, viniferins, flavonoids, and
stilbenes, are usually found in the skin tissues (Duan
et al., 2019). At the same time, flavan-3-ols and
proanthocyanidins are the richest phenolic
compounds found in grape seeds. Hypodermal cell
layers of the grape skin are rich in flavonols
(quercetin). They are known as ‘sunscreen,” as they
protect cells against damaging UV radiation
(Panteliee et al., 2016). In addition, phenolic
compounds, particularly flavonoids like flavonols
and flavanols, are often more concentrated in raisins
than in fresh grapes (Abouzeed et al., 2018;
Aleixandre-Tudo et al., 2018). This concentration
occurs during the dehydration process, which can
also modify the structure of these compounds
(Fabani et al., 2017). Quercetin is the most abundant
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flavonol in white grapes, followed by isorhamnetin
and kaempferol (Mattivi et al., 2006). Quercetin is a
prominent flavonol known for its anti-inflammatory,
antihypertensive, vasodilator, anti-obesity, anti-
hypercholesterolemic, and anti-atherosclerotic
properties (David and Arulmoli, 2016). Among non-
flavonoid compounds, tartaric acid esters of
hydroxycinnamic acids (HCAs) are a significant
class (Mozetie et al., 2006). The concentration of
phenolic compounds in grapes can vary
significantly depending on the grape variety (de la
Cerda-Carrasco et al., 2015; Liang et al., 2014;
Perestrelo et al., 2012).

Prominent for their antioxidant properties, these
compounds have been associated with the
prevention of certain cancers, inflammatory
conditions, cardiovascular diseases and
neurodegenerative disorders. As a result, grape
consumption has gained popularity as a means to
improve overall health (Fabani et al., 2017). Several
studies have examined the role of phenolic
compounds in the health benefits endorsed by the
Thompson Seedless grape variety, but Manik
Chaman has remained deprived from such studies.
To identify its potential in neutraceutical and food
applications, phenolic profiling of this white variety
is crucial. In addition, it is important to recognize its
individuality amongst other varieties.

India primarily cultivates Thompson Seedless
(TS) and its mutant Manik Chaman (MC) grapes for
table purpose and raisin production (Adsule et al.,
2012). TS berries are pale green, oval, and seedless,
while MC berries are golden-yellow, elongated, and
seedless. These varieties are generally grown in
Maharashtra, followed by Northern Karnataka and
Hyderabad (https://nrcgrapes.icar.gov.in/
Recommended-Varieties.htm).

Previous studies revealed the phenolic
composition of Thompson seedless (Singh et al.,
2009), (Satisha et al., 2008), but scarce studies have
been done in phenolic composition of Manik
Chaman, one of the most important grape varieties
specially used for raisin purpose in Maharashtra.
For that reason, uncovering the phenolic
composition of Manik Chaman has become top
priority of researchers. Establishing its uniqueness
amid other grape varieties used for raisin purpose in
terms of its polyphenolic content and potential
health benefits, is essential.

Phenolic profiling of non-targeted compounds
within complex matrices presents a significant
analytical challenge. To address this, researchers

have increasingly turned to High-Resolution Mass
Spectrometry (HRMS) coupled with Liquid
Chromatography and Quadrupole Time-of-Flight
(QToF) Mass Spectrometry. This complicated
method enables the accurate identification and
quantification of polyphenolic compounds in
intricate samples, such as grape extracts. The High
Resolution Mass Spectrometry presents excellent
accuracy, resolution, and sensitivity assembling it
well-suited for comprehensive phenolic compounds
analysis. Additionally, it allows for determining
exact masses concerning mass-to-charge ratio (m/z)
and using intuitive annotation software and
extensive databases like METLIN that enhance
compound identification (Chatterjee et al., 2024).
Due to this, determining the phenolic composition
of white grape varieties TS and MC explicitly used
for raisin production remains a compelling focus,
especially for uncovering varietal similarities and
differences. Consequently, this study aims to
perform a thorough metabolite profiling of the
white grape varieties TS and MC using LC-HRMS
(QToF) techniques. By revealing the phenolic
composition of these varieties, this investigation will
add to an enhanced consideration of their
neutraceutical potential, health benefits, uniqueness,
food application and suitability for raisin making.

MATERIALS AND METHODS

Chemicals

All solvents used were analytical grade such as
water (LC-MS grade) and methanol (99.8%, HPLC
grade), were obtained from Fisher ChemicalsTM
(NJ, USA) and NICE Chemicals TM (P) (Kochi,
India), respectively. J.T. Baker TM (NJ, USA)
supplied formic acid (90% p. a.).

Sample Collection

Grape samples from the Thompson Seedless variety
and its mutant, Manik Chaman, were collected in
2024 from the Sangli district of Maharashtra, India
(17.03°N, 74.6°E, and 560 m above sea level). The
grapes were harvested at full maturity, defined as
the point of maximum soluble solid content in the
juice. For each variety, berries were collected from
five plants using randomized sampling criteria. The
samples were frozen at -20 °C and stored under
these conditions until analysis. Analysis occurred
within two months of sample collection.
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Sample Preparation

Sample preparation followed the method of Koley et
al. outlined (2020). Placed 5g (+1) of the
homogenized grape sample in a 50 ml centrifuge
tube. The sample was then extracted with 20 ml of
acidified methanol (1 % standard formic acid) and
vortexed (BioEra) at 2000 rpm for 2 minutes in the
dark. The mixture was centrifuged (Plasto Craft,
ROTA 3R) at 10,000 rpm for 10 minutes at 10°C. The
resulting supernatant was diluted with water (1:2, v/
v) and filtered through a 0.2 um PTFE membrane,
and transferred the prepared solution to a vial for
HPLC injection.

Chromatographic Phenolic

Compounds

Analysis of

An Agilent 1260 Infinity II"™ High-Performance
Liquid Chromatography (HPLC) system coupled
with an Agilent Quadrupole Time-of-Flight (Q-ToF
G6540B)™ accurate-mass spectrometer was
employed for the investigation. The ionization
source used is Agilent Dual Jet Stream (Agilent
Technologies™, Santa Clara, CA, USA). The Data
acquisition software used is Agilent MassHunter™
of version B.09.00 (B9044.0). Chromatographic
dissociation was accomplished by Agilent™ Eclipse
column (XDB-C18, 3X150 mm, 3.5 micron) using
mobile phase A containing 0.1% (v/v) formic acid in
aqueous and mobile phase B 0.1% (v/v) formic acid
in acetonitrile. The gradient program used for
elution was as follows: 0-2 min 95% A and 5% B,
then 25-28 min 5% A and 95% B, and finally 28.1 to
30 min 95% A and 5% B with a flow rate of 0.3 ml/
min. The injected sample volume was 20 ul, and the
column temperature was 40°C. False positives were
checked by analyzing a blank between each pair of
samples. For each sample, we performed three
repeated analyses in positive ionization mode.

The Q-ToF mass spectrometer conditions were
followed as follows: sheath gas nitrogen 11 L/min at
350 °C; drying gas nitrogen 8 L/min at 300°C;
nebulizer pressure 35 psig, nozzle voltage 1000V
(positive ionization mode), capillary voltage 3500V
in positive ion mode. The full scan MS was carried
out in positive ionization mode between 100 and
1700 m/z. Mass calibration is performed with a
calibration mixture —afterward, the software
Agilent Mass Hunter Qualitative Analysis TM,
version B.09.00 (B9044.0) was used for data analysis.
Compound detection was derived from accurate
mass and isotope pattern and expressed as an
“overall identification score,” computed as the

weighted average of the isotopic pattern signal
(Wmass = 100, Wabundance = 60, Wspacing = 50,
mass expected data variation 2.0 mDa + 5.6 ppm,
mass isotope abundance 7.5%, mass isotope
grouping peak spacing tolerance 0.0025 m/z + 7.0

ppm).
Statistical Data Analysis

Multivariate analysis was conducted using peak
areas normalized. Principal component analysis
(PCA), cluster analysis (Ward’s method, Euclidean
distance), and heatmap generation were performed
using MetaboAnalyst™, version 6.0 (https://
www.metaboanalyst.ca/MetaboAnalyst/
ModuleView.xhtml). Data were normalized, scaled,
and mean-centered by the standard deviation of
each variable. A data matrix was prepared with
rows representing samples and columns
representing features, and the resulting dataset was
exported as an MS Excel (.csv) file. Achieved
metabolite identification through the METLIN
database by acquiring MS/MS spectra of the most
significant metabolites.

RESULTS AND DISCUSSION

A total of 14 comprehensive polyphenolic
compounds were identified in both the white grape
varieties, Thomspon Seedless (TS) and Manik
Chaman (MC), by high-resolution mass
spectrometry quadruple time of flight based on their
m/z ratio, fragment ions formed with mass error less
than five ppm (Tables 1 and 2).

Arginine observes in a large amount in grape
juice and is further degraded to urea and ornithine
with the enzyme arginase through the urea-circle
pathway (Li et al., 2008). An earlier study also
proved that arginine is one of the most important
amino acids in the white grape variety, namely,
‘Thompson Seedless’ (Jogaiah ef al., 2010). In plants,
it is a precursor for synthesizing polyamines, which
play key roles in cell division, differentiation, and
stress response. The present study identified
arginine with an ion at m/z 175.119 (M+H)+) in both
the grape varieties studied. The study found the
relative abundance of arginine to be 19.23% in
Thompson Seedless and 39.39% in Manik Chaman.

Hydroxycinnamic acids are a significant group of
phenolic compounds, including coumaric acid,
caffeic acid, chlorogenic acid, sinapic acid, ferulic
acid, and rosmarinic acid, found in vegetables,
fruits, and some beverages such as tea and coffee.
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Table 1. Polyphenolic compounds identified in comprehensive screening of a white grape variety, Thompson Seedless

Compound Name Formula Adduct Abundance  Expected Observed RT Mass
Mass (m/z) Mass (m/z) Error
Arginine C,H,N,O, (M+H)+ 204043.28 174.118 175.119 2.093 -0.09
p-Coumaric acid CH,O, (M+NH4)+ 156139.64 164.0474 182.0812 3.101 -1.49
Dihydrocoumarin CH,O, (M+NH4)+ 463272.88 148.0526 166.0865 4.793 -0.2
Procyanidin B2 C,H,0, (M+H)+ 22085.82 578.1408 579.1483 9.661 1.64
p-Coumaroyl-D-glucose C H, O, (M+NH4)+ 54200.91 321.1441 344.1333 10.423  -0.43
Rutin C,H,0,, (M+Na)+ 3439.14 610.1511 633.1392 12.538 2.3
Myricitrin C,H,0, (M+H)+ 97309.57 464.0944 465.1019 12.889 1.03
Quercetin C,H, 0, (M+H)+ 41893.37 302.042 303.0493 12.893 0.67
Naringenin 4'-O- C,H,0, (M+) 876.46 449.1064 449.1067 13.565 1.64
glucuronide
Hydroxygaleon C,H,,0, (M+H)+ 17406.23 342.1456 343.1529 25.898 1.12

Table 2. Polyphenolic compounds identified in comprehensive screening of a white grape variety, Manik Chaman.

Compound Name Formula Adduct Abundance  Expected Observed RT Error
Mass (m/z) Mass (m/z)  Mass
Arginine CH/,N,O, (M+H)+ 396930.84 174.1119 175.1191 2.088 -0.18
cis-p-Coumaric acid CH,O, (M+NH4)+ 146083.88 164.0473 182.0811 3.103 0.09
Ethyl 2-aminobenzoate C,H,,NO, (M+H)+ 368165.13 165.079 166.0863 4.783 -0.03
2-[4-(3-Hydroxypropyl)-2- C,H, O, (M+Na)+ 19609.25 418.1825 441.1718 10.728 1.36
methoxyphenoxy]-1,3-
propanediol 1-glucoside
Triterpenoid C,H, 0O, (M+H)+ 10998.99 583.4517 582.4442 11.353  -0.56
Quercetin C,H, 0, (M+H)+ 38703.67 302.042 303.0494 12.897 0.6
Naringenin-4'-O- C,H,0, (M+) 26993.69 448.0991 449.1064 13.567 143
glucuronide

They have abundant favorable effects on human
health (El-Seedi et al., 2017). Hydroxycinnamic acids
and their derivatives demonstrate antioxidant, anti-
inflammatory, and antimicrobial properties,
signifying their potential applications in developing
anti-aging and anti-inflammatory products.

In this study, p-coumaric acid and cis-p-coumaric
acid were identified, respectively in the grape
varieties Thompson Seedless and Manik Chaman.
Both are members of the hydroxycinnamic acid
group. Previous research by Savalekar (Savalekar et
al., 2019) has established the presence of p-coumaric
acid, specifically in white grape varieties.
Investigation observed an ion at m/z 182.0812
((M+NH)z) in the Thompson Seedless variety while
detected an ion at m/z 182.0811 ((M+NH)z) in the
Manik Chaman variety, with mass errors of -1.49
ppm and 0.09 ppm, respectively. Based on their
relative percentage, no significant difference was
found between these hydroxycinnamic acids (i.e.,
14.72% and 14.49% in Thompson Seedless and
Manik Chaman, respectively). In addition, p-
Coumaroyl-D-glucose, formed through the

esterification of p-coumaric acid with glucose, is also
identified as a hydroxycinnamic acid with ions at m/
z 344.1333 (M+NH4)").

This investigation identified ‘Dihydrocoumarin’,
a functional coumarin analog as a key marker
compound in Thompson Seedless but it was absent
in Manik Chaman. The chromatographic separation
revealed a spectrum with an ion at m/z 166.0865
((M+NH)z), exhibiting a mass error of -0.2 ppm, as
shown in Figures 1 and 2.

To our knowledge, we identified p-Coumaroyl-
D-glucose for the first time as a hydroxycinnamic
acid in the Thompson Seedless cultivar. At the same
time, it was absent in Manik Chaman, wherein p-
Coumaroyl-D-glucose was identified by ion at m/z
344.1333 with mass error -0.43. Proanthocyanidin,
known as ‘Condensed tannins,” is identified in
Thompson Seedless as ProcyanidinB2.
Proanthocyanidins are polyphenolic compounds
formed by condensing flavan-3-ol monomers (such
as catechins or epicatechins). They are commonly
found in grape seeds, skins, and other plant tissues,
contributing to the fruit’s astringency and
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Fig. 1. Chromatogram of Dihydrocoumarin found in a
white grape variety, Thompson Seedless

antioxidant properties. Procyanidin B2 is a dimer of
catechins (a flavan-3-ol) and is one of the key
proanthocyanidins found in grapes. Procyanidin B2
was identified in TS at m/z 579.1483 in its
protonated form (M+H)" and relative abundance of
2.082%, indicating its proportion to other detected
compounds. While it is found absent in MC, it
suggests that this specific proanthocyanidin was
absent in detectable amounts in the MC grape
sample. Earlier study supports that procyanidin B2
is a typical flavonoid found in white grape varieties,
emphasizing that even white grapes, which are
generally lower in anthocyanins, can contain
proanthocyanidins like procyanidin B2 (Savalekar et
al., 2019).
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Fig. 2. Chromatogram of Ethyl 2-aminobenzoate found
in a white grape variety, Manik Chaman

Rutin, a flavonol glycoside known as Quercetin-
3-O-rutinoside or Sophorin, is formed by combining
quercetin and the disaccharide rutinose. It is
detected only in TS with a molecular ion at m/z
633.1392 (M+Na)". Similarly, myricitrin, a flavonol
glycoside consisting of myricetin and a rhamnose
sugar (myricetin-3-O-rhamnoside), was also
identified in TS and absent in MC with an ion at m/
z 465.1019 (M+H)*. Quercetin glycone conjugates,
such as rutin and thujin, are important flavonols in
various plant species. One of the earlier studies
investigating the flavonol profile in white grape
cultivars identified rutin as a minor component. In
the white grapes analyzed, rutin accounted for an
estimated molar percentage of 0.45 + 0.41%,
highlighting its relatively low abundance in these
cultivars®. Rutin and myricitrin are flavonoid
elements of the flavonol group, contributing to plant
pigmentation, potential health benefits, and, most
importantly, plant defense. The divergence in their
occurrence among TC and MC grape varieties could
reflect variations in cultivar genetics or grape
metabolism.

Quercetin, a key flavonol, is the predominant
compound in the flavonol profile of white grapes,
comprising 60.8-90.7% of the total flavonol content,
as Castillo-Munoz (Castillo-Mufioz et al., 2010)
reported. It is extensively scattered across diverse
plant species. Grape skins contain quercetin, a
protective agent against UV radiation (Pérez-
Navarro et al., 2021). Quercetin’s important
occurrence in grapes contributes to its potential use
as a varietal identification and authenticity marker,
and it plays a significant role in differentiating grape
varieties. Furthermore, quercetin has garnered
attention for its health benefits, particularly its
antioxidant properties (Shabir et al., 2022). As a free
radical scavenger, researchers associate quercetin
with protective effects against cardiovascular
diseases (Lakhanpal and Rai, 2007). Naturally,
quercetin exists in plants as glycosides or
carbohydrate conjugates. In this study, quercetin
was detected in both Thompson Seedless (TS) and
Manik Chaman (MC) grape varieties, identified by
an ion at m/z 303.0493 (M+H)*. The relative
abundances were 3.949% in TS and 3.841% in MC,
respectively. Therefore, quercetin identification and
quantification in grape varieties are the most
important activity is important for nutritional and
authenticity purposes. Moreover, the equivalent
level of quercetin observed in both grape varieties,
TS and MC, specify that it might be a stable
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compound across diverse varieties. This constancy
could make quercetin an important marker for
quality control and varietal segregation in grape-
based products. Other phenolic compounds
identified include Naringenin 4'-O-glucuronide, a
flavonoid and beta-D-glucosiduronic acid derivative
(https://pubchem.ncbi.nlm.nih.gov/compound/
Naringenin-4_-O-glucuronide), which exhibited an
ion at m/z 449.1067 in both TS and MC grape
varieties. Additionally, a diarylheptanoid, detected
in TS as Hydroxygaleon, is characterized by ions at
m/z 343.1529 (M+H)".

Comprehensive profiling further identified the
compound Ethyl 2-aminobenzoate as benzoate ester.
Ethyl 2-aminobenzoate (also known as Ethyl
anthranilate) is a minor constituent of Burgundy
Pinot noir wines (Moio L, 1995). Ethyl 2-
aminobenzoate, a benzoate ester, was identified in
MC grapes with a spectral ion at m/z 166.0863
(M+H)+ (Figure 2). The significance of Ethyl 2-
aminobenzoate in the Manik Chaman (MC) grape
variety exists in its possible contribution to the
grape’s aromatic and sensory uniqueness. Therefore
detection of Ethyl 2-aminobenzoate compound in
MC grape variety indicates a unique volatile
composition, which may differentiate this variety
from others.

Furthermore, 2-[4-(3-Hydroxypropyl)-2-
methoxyphenoxy]-1,3-propanediol 1-glucoside and
Okenone were also detected in MC, exhibiting
spectral ions at m/z 441.1718 and m/z 582.4442,
respectively. Ethyl benzoate, a benzoate ester, is
commonly found in alcoholic beverages and fruits,
including apples, bananas, and sweet cherries. It is
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also present in other food products such as milk,
butter, wines, black tea, bourbon vanilla and fruit
brandies (https://pubchem.ncbi.nlm.nih.gov/
compound/Ethyl-benzoate).

Principal Component Analysis

Grape phenolic profiles were submitted to statistical
analysis to ensure their capability for authentication
and segregation of white grape varieties TS and MC.
Principal Component (PC) Analysis permitted some
grouping of the white grape varieties according to
their phenolic profiles. Measured the phenolic
compounds as markers for such differences. Figure
3 show that Principal component analysis (PCA)
explained 99.8% of the total variation using
principal components with higher contribution
brought by PC1 (96.7%) when compared to PC2
(3.1%) (Figure 3 a, b). The PCA scatter plot
suggested that Coumarin (Dihydrocoumarin) is the
primary metabolite contributing to the TS variety as
a metabolite. Coumarin, i.e., Dihydrocoumarin, is
the predominant marker compound found in the TS
variety, whereas benzoate ester, i.e., Ethyl 2-
aminobenzoate, is in the Manik Chaman variety
(Figure 3b). Arginine, Hydroxycinnamic acid, and
quercetin are the central donors for both varieties.
PCA analysis also found a correlation between
polyphenols’ composition in these two grape
varieties. Apart from Coumarin and benzoate ester,
the other compounds found in Thompson Seedless
and Manik Chaman are Proanthocyanidin, Rutin,
Flavones, p-Coumaryl-D-glucose, Diarylheptanoid
and triterpenoid, flavonones, methoxybenzenes,
respectively.
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Heatmap analysis

Statistical analysis of the qualitative data derived
from HRMS (QToF) screening of two white grape
varieties, Thompson Seedless and Manik Chaman,
revealed distinct polyphenolic profiles (Figure 4).
Heatmap analysis demonstrated a clear
differentiation between the two varieties,
highlighting specific polyphenolic compounds
uniquely present in each. Certain compounds, such
as hydroxycinnamic acids, amino acids, and
quercetin, were present in both TS and MC varieties.
However, the overall phenolic composition
exhibited significant variation, signifying distinct
biochemical pathways and genetic factors
influencing their biosynthesis in these white grape
cultivars.

CONCLUSION

This study compares the polyphenolic profiles of
the Thompson Seedless (TS) and Manik Chaman
(MC) white grape varieties, explicitly cultivated for
raisin production. Notably, this work constitutes the
first detailed polyphenolic characterization of the
Manik Chaman variety. Through comprehensive
profiling, we identified dihydrocoumarin, a
coumarin derivative, as a primary marker
compound in TS, whereas ethyl 2-aminobenzoate, a
benzoate ester, was the primary marker in MC. Even
though both grape growers produced their samples
in the same geographic region, researchers found
significant differences in the polyphenolic
compositions of the grapes. This highlights the
influence of varietal factors on phenolic content. The
variability in phenolic profiles among different
grape varieties suggests that genetic factors play a
more critical role than environmental conditions in
determining polyphenolic composition. Ultimately,
profiling the polyphenolic content of white grape
varieties, such as TS and MC, offers valuable
insights into their chemical diversity and potential
health benefits, enhancing our understanding of
grape biochemistry and its implications for health-
related applications.
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