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Abstract
Eriolaena quinquelocularis (Wight & Arn.) Drury is a tree species of the family Malvaceae with a history of ethnomedicinal use, yet its
chemical composition remains poorly documented. The present study aimed to characterize the metabolite profile of the leaves using
untargeted liquid chromatography–tandem mass spectrometry (LC–MS/MS). Fresh leaves were collected, shade-dried, powdered, and
extracted with LC–MS-grade methanol. The resulting extract was subjected to LC–ESI–MS/MS analysis using a triple quadrupole–QTRAP
mass analyser in both positive and negative ionization modes. Chromatographic separation was performed on a reversed-phase C18 column
using 0.1% formic acid and acetonitrile/methanol (50:50, v/v) as the mobile phases. Metabolite annotation was based on precursor ion
masses, fragmentation patterns, and comparison with reference spectra in the NIST 2023 spectral library. A total of 46 metabolites were
putatively identified, representing diverse chemical groups, including branched-chain, cyclopropane, saturated, monounsaturated,
polyunsaturated and very-long-chain fatty acids, as well as organic acids, phenolic acids, and flavonoids. Several of the annotated
metabolites have previously been associated with antioxidant, antimicrobial, antidiabetic, and anticancer properties in the literature. The
present findings provide the first comprehensive LC–MS/MS-based characterization of the leaf metabolite profile of E. quinquelocularis. The
chemical diversity detected in the extract highlights the species as a promising source of bioactive metabolites and provides a foundation
for subsequent targeted isolation, structural confirmation, and experimental evaluation of their biological activities. The study also
contributes baseline phytochemical information that may support future research on the medicinal, nutraceutical, and functional potential of
this underexplored species.

1. Introduction
Medicinal plants have served as an indispensable source of therapeutic agents since antiquity and continue to contribute substantially to
modern healthcare systems and drug discovery programmes. The World Health Organization estimates that a significant proportion of the
global population relies on plant-derived medicines for primary healthcare needs. The therapeutic importance of medicinal plants is primarily
attributed to their extraordinary diversity of bioactive metabolites, many of which have provided templates for the development of clinically
important drugs.1,2,3,4Consequently, systematic phytochemical investigations of medicinal plants have become an essential component of
natural product research and pharmaceutical development.

Plants produce a remarkable array of metabolites that are broadly classified into primary and secondary metabolites. Primary metabolites,
including carbohydrates, proteins, amino acids, nucleic acids, and lipids, are directly involved in growth and metabolic processes. Unlike
primary metabolites, secondary metabolites such as phenolic compounds, flavonoids, alkaloids, terpenoids, tannins, coumarins, lignans,
glycosides, and steroids play critical ecological roles. They also account for the many biological functions of medicinal plants. These
compounds serve as adaptive responses of plants to environmental factors. They also account for the different forms of plant defenses
against different stressors such as pathogens and herbivores as well as UV radiation and other forms of abiotic stresses.

The plant kingdom is estimated to possess an enormous repertoire of structurally diverse metabolites. These metabolites' qualitative and
quantitative compositions vary by species, stage, location, environmental conditions, and genotype. For a more thorough understanding of
plant physiology, adaptation, their interrelation based on secondary metabolites, and their potential uses in medicine, a detailed description
of plant secondary metabolites is needed. The diversity of metabolites in medicinal plants is a viable way to find new metabolites that can be
used in the pharmaceutical and nutraceutical industries.

The field of metabolomics has emerged because of recent improvements in analytical technologies and developments in systems biology
have changed the study of phytochemicals. Metabolomics is defined as the comprehensive qualitative and quantitative analysis of low-
molecular-weight metabolites present within a biological system under specific physiological conditions.¹²,¹³ The metabolome represents the
terminal products of gene expression and therefore provides a direct biochemical representation of cellular activities and physiological
states.¹² Unlike genomics and transcriptomics, metabolomics offers insights into the dynamic biochemical phenotype of organisms and
enables the investigation of metabolic responses to developmental and environmental changes.¹⁴,¹⁵

Plant metabolomics has emerged as an indispensable approach in medicinal plant research because it facilitates comprehensive
characterization of phytochemical constituents and provides information regarding metabolic pathways, quality control, authentication,
chemotaxonomic relationships, and biological activities.¹⁶⁻¹⁸ Metabolomic investigations have significantly accelerated the discovery of
novel natural products and have improved our understanding of the complex biochemical interactions that govern plant physiology and
ecological adaptations.¹⁷ Moreover, metabolomics has become increasingly important for studying underexplored medicinal plant species
that possess the potential to yield previously unidentified metabolites with pharmacological significance.¹⁸

Several analytical platforms have been employed for metabolomic investigations, including nuclear magnetic resonance spectroscopy, gas
chromatography-mass spectrometry, and liquid chromatography-mass spectrometry. Of these methods, liquid chromatography coupled with
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tandem mass spectrometry (LC–MS/MS) is one of the most advanced analytical tools available for metabolites profiling.¹⁹,20,²¹
Chromatography with mass spectrometry allows for separation and detection of metabolites within complicated matrices of plants.¹⁹ LC–
MS/MS also works for metabolites that thermolabile, polar, and in low concentration, which are typically hard to detect with standard
analytical methods.²⁰

In the last ten years, improvements in precision and efficiency in mass spectrometry and data analysis have brought more attention to the
use of LC–MS/MS in the study of medicinal plants. Fragmentation patterns produced by this technique ease the annotation of metabolites
and speed up analysis. This method has been used to characterize various metabolites in plants, including flavonoids, phenolic acids,
alkaloids, and terpenoids. LC–MS/MS has been used in phytochemical screening, assessment of quality in herbal products, and the
discovery of biomarkers and metabolites that illustrate biological activity.

The family Malvaceae has around 244 genera and over 4,200 species, mostly in the tropics and subtropics. Diverse constituents of
Malvaceae have great social, environmental and physical impacts. Malvaceae are known for their phytochemical richness. Many Malvaceae
contain secondary metabolites like phenolic compounds, flavonoids, terpenoids, steroids, and tannins that display a wide range of biological
activities. Despite the work that has been done to describe the phytochemicals of economically important Malvaceae, many species have
still not been studied for their chemical diversity and metabolomic profiles.

Eriolaena quinquelocularis (Wight & Arn.) Drury is a medium-sized deciduous tree belonging to the family Malvaceae and is distributed mainly
in tropical dry deciduous forests of the Indian subcontinent. The species possesses ecological significance and contributes to the floristic
diversity of Indian forest ecosystems. However, compared with several other medicinally important members of Malvaceae, scientific
information regarding its phytochemical composition remains extremely limited. Early research on the species has proposed the existence of
a number of secondary metabolite classes, signifying it could be a good candidate of significant biologically natural products. However,
further characterization on its metabolite composition utilizing modern analytical techniques is currently absent.

To fully realize the biochemical variety and research potential of understudied plants, their metabolites must be studied and characterized.
Understanding the metabolites in plants can provide information about their chemotaxonomy and significance. Additionally, characterizing a
plant’s metabolites can help research the biological activities and conservation of that species. Because of the scant information available
on Eriolaena quinquelocularis (Wight & Arn.) Drury’s phytochemicals, this research was conducted to perform LC–MS/MS metabolite profiling
on E. quinquelocularis leaf extract. The findings of the present investigation are expected to provide fundamental insights into the metabolite
composition of this underexplored species and establish a scientific foundation for future phytochemical, pharmacological, and
biotechnological studies.

2. Materials and Methods

2.1. Chemical
LC–MS-grade methanol, acetonitrile, formic acid, and other analytical-grade chemicals and solvents used for sample preparation and
chromatographic analysis were procured from Merck India Pvt. Ltd. (Mumbai, India). Ultrapure water obtained from a Milli-Q purification
system (Millipore, USA) was used throughout the study.

2.2. Plant Materials
The plant material of Eriolaena quinquelocularis (Wight & Arn.) Drury used in this study was collected from Ramshej, Nashik District,
Maharashtra, India, in accordance with applicable local and national guidelines governing the collection of plant material for scientific
research. The plant material was collected from a naturally occurring population, and only the required leaf material was collected to
minimize disturbance to the plant population. The species was taxonomically authenticated by Dr. Darshan Kokate, Assistant Professor, P.G.
Department of Botany, K.S.K.W. College, CIDCO, Nashik, Maharashtra, India. A voucher specimen of the collected plant material was prepared
and deposited in the Departmental Herbarium for future reference. The voucher specimen is maintained under the Departmental Herbarium
collection Voucher No. KSKW381.

2.3 Permissions to collect plant parts
The leaf material of Eriolaena quinquelocularis (Wight & Arn.) Drury used in this study was collected from a naturally occurring wild
population at Ramshej Nashik, Maharashtra, India. The collection site was not within a protected or restricted area requiring a specific
collection permit or licence. Accordingly, no specific collection permission or licence was required or obtained. The collection was
undertaken for scientific research purposes and in accordance with applicable local and national guidelines.

2.4. Preparation of plant extract
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Fresh leaves of Eriolaena quinquelocularis (Wight & Arn.) Drury were thoroughly washed under running tap water to remove adhering dust and
debris, followed by rinsing with double-distilled water. The cleaned leaves were shade-dried at room temperature (25 ± 2°C) for 10–15 days
until a constant weight was attained to preserve heat-sensitive phytochemicals and minimize degradation during sample preparation.²⁶�²⁷
The dried leaves were pulverized into a fine powder using a laboratory grinder and stored in airtight polyethylene containers in a cool, dry, and
dark environment until extraction.²⁸

For extract preparation, 1 g of the powdered leaf material was extracted with 10 mL of LC–MS-grade methanol under continuous magnetic
stirring at room temperature (25 ± 2°C) for 48 h. Methanol was selected as the extraction solvent because of its high efficiency in extracting a
broad spectrum of polar and semi-polar phytochemicals, including phenolics, flavonoids, alkaloids, and glycosides.19�³⁰ Following extraction,
the mixture was centrifuged at 3,000 rpm for 15 min, and the supernatant was collected. The extract was subsequently filtered through a
0.22 µm nylon membrane filter to remove particulate matter before LC–MS/MS analysis, thereby improving chromatographic performance
and protecting the analytical column.³¹ The filtered extract was stored at 4°C until chromatographic analysis.

2.5 LC-MS/MS analysis
The metabolite profiling of Eriolaena quinquelocularis (Wight & Arn.) Drury leaf extract was performed using a liquid chromatography–tandem
mass spectrometry (LC–MS/MS) system (SCIEX Triple Quad™ QTRAP 5500, SCIEX, Framingham, MA, USA) equipped with an electrospray
ionization (ESI) source. Untargeted metabolite analysis was carried out in both positive (ESI⁺) and negative (ESI⁻) ionization modes to
achieve broad metabolite coverage. Data acquisition and instrument control were performed using SCIEX OS software (Version 3.0, SCIEX,
USA). Chromatographic separation was achieved on a reversed-phase C18 analytical column (250 × 4.6 mm, 5 µm particle size). The mobile
phase consisted of solvent A (water containing 0.1% formic acid, v/v) and solvent B (acetonitrile:methanol, 50:50, v/v). A gradient elution
program used the following parameters: 0–2 min: 5% B; 2– 15 min: 5–40% B; 15– 25 min: 40–70% B; 25– 35 min: 70–95% B; 35– 40 min:
95% B, and was then brought back to the starting conditions for 5 min. LC–MS/MS data were processed using SCIEX OS. Tentative
identifications of the metabolites were done using the precursor ion, retention time, isotope distribution, and fragmentation patterns seen in
the MS/MS with the NIST 2023 mass spectral database. Metabolite identification is done using precursor mass accuracy, characteristic
fragment ions, isotopic distribution, and a scoring system. This analysis and identification of metabolites were limited to high-confidence
spectral matches and library scores which were considered acceptable. The mobile phase was delivered at a flow rate of 0.6 mL min⁻¹, the
column temperature was maintained at 40°C, and the injection volume for each sample was 10 µL. Mass spectrometric detection was
performed using an electrospray ionization source operated in both positive and negative ionization modes. The ion spray voltage was set at
+ 5500 V for positive ion mode and − 4500 V for negative ion mode. The source temperature was maintained at 450°C. Nitrogen was used as
the nebulizer, heater, and curtain gas. The curtain gas (CUR) was maintained at 35 psi, ion source gas 1 (GS1) at 50 psi, ion source gas 2
(GS2) at 55 psi, and collision gas (CAD) was operated in the medium mode. The declustering potential (DP) was maintained at ± 80 V, while
collision energy (CE) was automatically optimized for individual precursor ions during MS/MS acquisition. Data were acquired over a mass
range of m/z 50–1200 with a scan rate optimized for untargeted metabolite detection.

3. Results and discussion
Using an untargeted LC-MS/MS technique with both positive and negative electrospray ionization modes, we examined the methanolic leaf
extract of Eriolaena quinquelocularis (Wight & Arn.) Drury. The leaves of Eriolaena quinquelocularis (Wight & Arn.) Drury contained 46
metabolites (Table no. 01) (Figure no.01) that were tentatively identified by comparing their precursor ion m/z, retention times, and MS/MS
fragmentation with the NIST 2023 spectral library. Annotated secondary metabolites were identified as four major groups of phytochemicals:
fatty acids and their derivatives, phenolic acids, flavan-3-ols, and organic acids.

Among the identified metabolites, fatty acids were the most common phytochemical class. This shows that the lipid-derived components are
the major phytochemicals present in E. quinquelocularis leaves. The extract contained several saturated fatty acids such as lauric acid,
myristic acid, pentadecanoic acid, heptadecanoic acid, palmitic acid, stearic acid, arachidic acid, behenic acid, docosanoic acid, lignoceric
acid, and dotriacontanoic acid. These compounds were detected with comparatively high chromatographic responses, suggesting that they
are major constituents of the methanolic extract. Among them, arachidic acid exhibited the highest peak area (3.811 × 10⁸), followed by
phytanic acid (2.258 × 10⁸), arachidic acid (2.284 × 10⁸) in positive ion mode, palmitic acid (1.900 × 10⁸), myristic acid (1.566 × 10⁸), behenic
acid (1.515 × 10⁸), and eicosanoic acid (1.368 × 10⁸). The predominance of long-chain saturated fatty acids suggests active fatty acid
biosynthesis and storage metabolism within the leaf tissues.

In addition to saturated fatty acids, several biologically important unsaturated fatty acids were detected, including oleic acid, linoleic acid,
palmitoleic acid, vaccenic acid, petroselinic acid, gondoic acid, eicosenoic acid, ricinoleic acid, arachidonic acid, mead acid, octadecadienoic
acid, and erucic acid. Oleic acid exhibited one of the highest chromatographic responses (1.998 × 10⁸), while vaccenic acid (1.042 × 10⁸),
petroselinic acid (1.068 × 10⁸), eicosenoic acid (1.149 × 10⁸), and gondoic acid (9.184 × 10⁷) were also abundant. Unsaturated fatty acids are
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well known structural components of biological membranes and are involved in plant growth, membrane fluidity, environmental adaptation,
and defense responses. Their abundance in E. quinquelocularis indicates active lipid metabolism and may contribute to several reported
biological properties of plant-derived extracts. The extract also contained branched-chain fatty acids, including phytanic acid and pristanic
acid. Phytanic acid produced one of the most intense chromatographic signals in both ionization modes, whereas pristanic acid was
detected with considerable abundance. Branched-chain fatty acids are comparatively uncommon constituents in higher plants and may
serve as valuable chemotaxonomic markers. They may reflect unique metabolic pathways in E. quinquelocularis that differentiate it from the
other members of Malvaceae.

In addition to lipid constituents, LC-MS/MS found several phenolic acids including gallic, caffeic, protocatechuic, vanillic, gentisic, salicylic,
and p-hydroxybenzoic acids. Though they were found in lower abundance compared to fatty acids, phenolic acids are a class of specialized
metabolites and are important for plant defense mechanisms and for responding to oxidative stress. Of the phenolic acids that were found,
p-hydroxybenzoic acid (1.442 × 10⁶) and gallic acid (1.011 × 10⁶) were the most abundant and showed the highest chromatographic
response, while the remaining phenolic acids were gentisic, protocatechuic, vanillic, and caffeic acids.

Catechin and epicatechin, two interesting flavan-3-ols with precursor ions at m/z 289, were also detected. These flavonoids are widely
distributed polyphenolic compounds in higher plants, and often contribute to the antioxidant capacity of plant extracts. Their
chromatographic peak areas were relatively low compared with those of fatty acids. However, the detection of catechin and epicatechin
demonstrates that E. quinquelocularis possesses multiple classes of secondary metabolites with diverse biosynthetic origins.

The analysis picked out a few smaller organic acids, such as fumaric acid, maleic acid, malic acid, succinic acid, azelaic acid, suberic acid,
dodecanedioic acid, terephthalic acid, isophthalic acid, and phthalic acid. Organic acids are important for central carbon metabolism,
tricarboxylic acid cycle, and cellular respiration, and some dicarboxylic acids are involved in plant signaling and defense. Their presence
additionally denotes the metabolic sophistication of the species studied.

Metabolite profiling shows that E. quinquelocularis leaves contain long-chain fatty acids, phenolic acids, flavonoids, and organic acids. The
multiple forms of saturated and unsaturated fatty acids found in the leaves suggest that lipid metabolism is important for E. quinquelocularis.
Additionally, the detection of phenolic acids and flavan-3-ols indicates that E. quinquelocularis leaves may contain a diverse array of
secondary metabolites which may have important ecological roles and may exhibit some biological activity.

To the best of our knowledge, this represents the first comprehensive LC–MS/MS-based metabolite profile of Eriolaena quinquelocularis
leaves. The metabolite dataset generated in the present investigation provides valuable baseline information for future phytochemical
characterization, chemotaxonomic studies, metabolomic comparisons within Malvaceae, and investigations into the biological properties of
this underexplored medicinal tree species.

Table.No.01
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Sr.

No.

Metabolite Molecular
Formula

Retention
Time

Mode

+/-

Molecular
Weight
(g/mol)

Chemical Class Major Reported
Biological Activities

Reference

1. Palmitic acid C₁₆H₃₂O₂ 32.00 + 256.42 Saturated fatty
acid

Membrane
constituent; lipid
metabolism; cell
signaling;
antimicrobial;
immunomodulatory;
inflammation-
associated fatty
acid

30.31.32

2. Myristic acid C₁₄H₂₈O₂ 31.93 + 228.37 Saturated fatty
acid

Antimicrobial; anti-
inflammatory; lipid
metabolism;
membrane
constituent; protein
myristoylation

33,34

3. Lauric acid C₁₂H₂₄O₂ 33.32 + 200.32 Saturated fatty
acid

Antibacterial;
antifungal; antiviral;
anti-inflammatory;
membrane-
disrupting
antimicrobial agent

35,36,37,38

4. Linoleic acid C₁₈H₃₂O₂ 33.00 + 280.45 Polyunsaturated
fatty acid

Antioxidant; anti-
inflammatory;
antimicrobial; wound
healing; skin barrier
repair;
cardioprotective

39,40,41,42

5. Behenic acid C₂₂H₄₄O₂ 33.56 + 340.58 Saturated fatty
acid

Emollient;
membrane
structural lipid; skin-
conditioning agent;
lipid metabolism;
pharmaceutical and
cosmetic excipient.

43,44,45

6. Palmitoleic acid C₁₆H₃₀O₂ 32.63 + 254.41 Monounsaturated
fatty acid

Anti-inflammatory;
antimicrobial;
metabolic regulator;
insulin-sensitizing;
lipokine;
cardioprotective

46,47,48,49

7. Eicosenoic acid C₂₀H₃₈O₂ 32.55 + 310.52 Monounsaturated
fatty acid

Anti-inflammatory;
membrane
structural lipid; lipid
metabolism;
cardioprotective;
antimicrobial

50,51,52

8. Docosanoic acid
(Behenic acid)

C₂₂H₄₄O₂ 33.56 + 340.58 Saturated fatty
acid

Lipid metabolism,
antimicrobial

53,54

9. Phytanic acid C₂₀H₄₀O₂ 32.52 + 312.53 Branched-chain
fatty acid

Lipid metabolism;
cellular signaling;
PPAR-α/RXR
activation; regulation
of peroxisomal β-
oxidation; energy
homeostasis

55,56

10. Heptadecanoic
acid

C₁₇H₃₄O₂ 33.37 + 270.45 Saturated fatty
acid

Anti-inflammatory;
biomarker of dairy
fat intake; lipid
metabolism;
cardiometabolic
health biomarker;
membrane
structural lipid

57,58,53

11. Eicosanoic acid C₂₀H₄₀O₂ 32.46 + 312.53 Saturated fatty
acid

Membrane
structural lipid; lipid
metabolism;

59,60
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Sr.

No.

Metabolite Molecular
Formula

Retention
Time

Mode

+/-

Molecular
Weight
(g/mol)

Chemical Class Major Reported
Biological Activities

Reference

1. Palmitic acid C₁₆H₃₂O₂ 32.00 + 256.42 Saturated fatty
acid

Membrane
constituent; lipid
metabolism; cell
signaling;
antimicrobial;
immunomodulatory;
inflammation-
associated fatty
acid

30.31.32

antimicrobial; energy
storage; skin-
conditioning agent

12. Gondoic acid
(11-Eicosenoic
acid)

C₂₀H₃₈O₂ 32.55 + 310.52 Monounsaturated
fatty acid

Lipid metabolism;
anti-inflammatory;
membrane
structural lipid;
antimicrobial;
cardioprotective

61,62,63

13. Ricinoleic acid C₁₈H₃₄O₃ 29.38 + 298.46 Hydroxy fatty acid Anti-inflammatory;
antimicrobial;
analgesic; wound
healing; antioxidant;
antinociceptive

64,65

14. Mead acid C₂₀H₃₄O₂ 33.87 + 306.49 Polyunsaturated
fatty acid

Anti-inflammatory;
immune regulation;
lipid metabolism;
regulation of
eicosanoid
biosynthesis;
antiproliferative
activity

66,67,68

15. Octadecadienoic
acid (Linoleic
acid)

C₁₈H₃₂O₂ 32.66 + 280.45 Polyunsaturated
fatty acid (PUFA)

Antioxidant; anti-
inflammatory;
antimicrobial; wound
healing;
cardioprotective;
hypocholesterolemic

69,70

16. Arachidonic acid C₂₀H₃₂O₂ 33.89 + 304.47 Polyunsaturated
fatty acid (ω-6)

Precursor of
eicosanoids;
inflammatory
signaling; immune
modulation;
membrane
phospholipid
constituent; cell
proliferation

71,72,73

17. Fumaric acid C₄H₄O₄ 33.86 + 116.07 Dicarboxylic acid
(Organic acid)

Antioxidant;
antimicrobial; anti-
inflammatory;
immunomodulatory;
tricarboxylic acid
(TCA) cycle
intermediate

74,75

18. Maleic acid C₄H₄O₄ 33.86 + 116.07 Dicarboxylic acid
(Organic acid)

Antimicrobial;
metabolic
intermediate;
preservative; pH
regulator; food
acidulant

76,77,78

19. Petroselinic acid C₁₈H₃₄O₂ 32.48 + 282.46 Monounsaturated
fatty acid

Anti-inflammatory;
antimicrobial; skin-
conditioning agent;
cosmetic emollient;
lipid metabolism

79,80

20. Pristanic acid C₁₉H₃₈O₂ 31.70 + 298.50 Branched-chain
fatty acid

Regulates lipid
metabolism;

81,82,83
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Sr.

No.

Metabolite Molecular
Formula

Retention
Time

Mode

+/-

Molecular
Weight
(g/mol)

Chemical Class Major Reported
Biological Activities

Reference

1. Palmitic acid C₁₆H₃₂O₂ 32.00 + 256.42 Saturated fatty
acid

Membrane
constituent; lipid
metabolism; cell
signaling;
antimicrobial;
immunomodulatory;
inflammation-
associated fatty
acid

30.31.32

activates PPAR-α;
promotes
peroxisomal β-
oxidation; cellular
signaling

21. Arachidic acid C₂₀H₄₀O₂ 32.54 + 312.53 Saturated fatty
acid

Antimicrobial; anti-
inflammatory;
membrane
structural lipid; lipid
metabolism; energy
storage

84,85

22. Azelaic acid C₉H₁₆O₄ 22.67 + 188.22 Dicarboxylic acid Antioxidant;
antibacterial; anti-
inflammatory; anti-
acne; tyrosinase
inhibitor;
depigmenting agent

86,87

23. Vaccenic acid C₁₈H₃₄O₂ 32.49 + 282.46 Monounsaturated
fatty acid

Anti-inflammatory;
cardioprotective;
antimicrobial; lipid
metabolism
regulator; improves
insulin sensitivity

88,89,90

24. Oleic acid C₁₈H₃₄O₂ 32.49 + 282.46 Monounsaturated
fatty acid (MUFA)

Anti-inflammatory;
antimicrobial;
cardioprotective;
hypolipidemic;
membrane
constituent;
antioxidant potential

91,92,93,94

25. Vanillic acid C₈H₈O₄ 9.86 + 168.15 Phenolic acid
(Hydroxybenzoic
acid derivative)

Antioxidant; anti-
inflammatory;
antimicrobial;
hepatoprotective;
neuroprotective;
anticancer

95,96,97

26. Terephthalic
acid

C₈H₆O₄ 32.04 + 166.13 Aromatic
dicarboxylic acid

Intermediate in
aromatic
metabolism;
environmental
metabolite; limited
reported biological
activity in plants

98,99,100,101

27. Suberic acid C₈H₁₄O₄ 19.74 + 174.19 Dicarboxylic acid Fatty acid
metabolism
intermediate;
biomarker of lipid
oxidation;
antioxidant potential

102,103

28. Caffeic acid C₉H₈O₄ 3.62 + 180.16 Hydroxycinnamic
acid (Phenolic
acid)

Potent antioxidant;
anti-inflammatory;
antimicrobial;
anticancer;
hepatoprotective;
antidiabetic

104,105,106

29. Isophthalic acid C₈H₆O₄ 31.59 + 166.13 Aromatic
dicarboxylic acid

Intermediate in
aromatic compound

107,108,109
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Sr.

No.

Metabolite Molecular
Formula

Retention
Time

Mode

+/-

Molecular
Weight
(g/mol)

Chemical Class Major Reported
Biological Activities

Reference

1. Palmitic acid C₁₆H₃₂O₂ 32.00 + 256.42 Saturated fatty
acid

Membrane
constituent; lipid
metabolism; cell
signaling;
antimicrobial;
immunomodulatory;
inflammation-
associated fatty
acid

30.31.32

metabolism; limited
biological activity
reported

30. Phthalic acid C₈H₆O₄ 32.82 + 166.13 Aromatic
dicarboxylic acid

Environmental
metabolite;
intermediate in
aromatic compound
degradation;
reported
antimicrobial activity
in some microbial
metabolites; limited
biological role in
plants

110,111

31. Stearic acid C₁₈H₃₆O₂ 30.02 + 284.48 Saturated fatty
acid

Antimicrobial; anti-
inflammatory;
membrane
structural lipid;
energy storage; lipid
metabolism

112,113,114

32. Salicylic acid C₇H₆O₃ 34.61 + 138.12 Phenolic acid
(Plant hormone)

Plant defense
signaling;
antioxidant; anti-
inflammatory;
antimicrobial;
systemic acquired
resistance (SAR)
inducer

115,116

33. Malic acid C₄H₆O₅ 33.51 + 134.09 Organic acid (TCA
cycle
intermediate)

Antioxidant;
antimicrobial;
metabolic
intermediate;
osmotic regulation;
energy metabolism

117,118,119,

120

34. Dodecanedioic
acid

C₁₂H₂₂O₄ 10.94 + 230.30 Long-chain
dicarboxylic acid

Lipid metabolism
intermediate; ω-
oxidation
metabolite;
antimicrobial
activity; energy
metabolism

100,121

35. Dotriacontanoic
acid

C₃₂H₆₄O₂ 32.87 + 480.85 Very long-chain
saturated fatty
acid

Cuticular wax
constituent;
membrane
protection; abiotic
stress adaptation;
reported
antimicrobial activity

122,123

36. Pentadecanoic
acid

C₁₅H₃₀O₂ 33.51 + 242.40 Saturated fatty
acid

Anti-inflammatory;
antimicrobial;
biomarker of dairy-
derived fatty acids;
lipid metabolism
regulator; potential
cardiometabolic
benefits

55,124,125

37. Erucic acid C₂₂H₄₂O₂ 33.07 + 338.57 Monounsaturated
fatty acid

Anti-inflammatory;
antimicrobial;

59,126,127

Page 9/19



Sr.

No.

Metabolite Molecular
Formula

Retention
Time

Mode

+/-

Molecular
Weight
(g/mol)

Chemical Class Major Reported
Biological Activities

Reference

1. Palmitic acid C₁₆H₃₂O₂ 32.00 + 256.42 Saturated fatty
acid

Membrane
constituent; lipid
metabolism; cell
signaling;
antimicrobial;
immunomodulatory;
inflammation-
associated fatty
acid

30.31.32

membrane lipid
constituent; lipid
metabolism

38. Gallic acid C₇H₆O₅ 34.45 - 170.12 Phenolic acid
(Trihydroxybenzoic
acid)

Potent antioxidant;
antimicrobial; anti-
inflammatory;
anticancer;
antidiabetic;
hepatoprotective

128,129,130

39. Protocatechuic
acid

C₇H₆O₄ 34.58 - 154.12 Phenolic acid
(Dihydroxybenzoic
acid)

Potent antioxidant;
anti-inflammatory;
antimicrobial;
anticancer;
cardioprotective;
hepatoprotective

131,132

40. p-
Hydroxybenzoic
acid

C₇H₆O₃ 33.44 - 138.12 Phenolic acid
(Hydroxybenzoic
acid derivative)

Antioxidant;
antimicrobial; anti-
inflammatory;
antifungal;
allelopathic activity

133,134,

135

41. Gentisic acid C₇H₆O₄ 34.58 - 154.12 Phenolic acid
(Dihydroxybenzoic
acid)

Antioxidant; anti-
inflammatory;
antimicrobial; free
radical scavenger;
cytoprotective

136,137

42. Catechin C₁₅H₁₄O₆ 33.93 - 290.27 Flavan-3-ol
(Flavonoid)

Potent antioxidant;
anti-inflammatory;
antimicrobial;
anticancer;
cardioprotective;
antidiabetic

138,139,140

43. Epicatechin C₁₅H₁₄O₆ 33.91 - 290.27 Flavan-3-ol
(Flavonoid)

Potent antioxidant;
cardioprotective;
anti-inflammatory;
neuroprotective;
antimicrobial;
antidiabetic

141,142

44. Dihydrosterculic
acid

C₁₉H₃₆O₂ 31.63 - 296.49 Cyclopropane fatty
acid

Membrane
structural lipid; lipid
metabolism;
chemotaxonomic
marker; reported
antimicrobial activity

143,144,145

45. Lignoceric acid C₂₄H₄₈O₂ 32.78 - 368.64 Very long-chain
saturated fatty
acid

Membrane
structural lipid;
cuticular wax
constituent; abiotic
stress adaptation;
energy storage;
reported
antimicrobial activity

146,147

46. Succinic acid C₄H₆O₄ 33.76 - 118.09 Organic acid
(Dicarboxylic acid)

TCA cycle
intermediate;
metabolic regulator;
immunomodulatory
signaling molecule;
antimicrobial

148,149,150
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Sr.

No.

Metabolite Molecular
Formula

Retention
Time

Mode

+/-

Molecular
Weight
(g/mol)

Chemical Class Major Reported
Biological Activities

Reference

1. Palmitic acid C₁₆H₃₂O₂ 32.00 + 256.42 Saturated fatty
acid

Membrane
constituent; lipid
metabolism; cell
signaling;
antimicrobial;
immunomodulatory;
inflammation-
associated fatty
acid

30.31.32

activity; cellular
energy metabolism

4. Conclusion
The present study provides the first comprehensive untargeted LC–MS/MS metabolite profile of the methanolic leaf extract of Eriolaena
quinquelocularis (Wight & Arn.) Drury. A total of 46 metabolites were successfully identified using electrospray ionization in both positive and
negative ionization modes. These metabolites represent a chemically diverse repertoire comprising saturated, monounsaturated,
polyunsaturated, branched-chain, cyclopropane, and very long-chain fatty acids, together with phenolic acids, flavonoids, and organic acids.
Among the major constituents identified were palmitic acid, arachidic acid, oleic acid, vaccenic acid, stearic acid, phytanic acid, behenic acid,
eicosanoic acid, petroselinic acid, lignoceric acid, catechin, epicatechin, gallic acid, caffeic acid, protocatechuic acid, gentisic acid, salicylic
acid, vanillic acid, malic acid, succinic acid, fumaric acid, and several other biologically important metabolites. The pharmacological
properties of the compounds that have been discovered include antioxidant, antimicrobial, anti-inflammatory, cardioprotective,
hepatoprotective, neuroprotective, antidiabetic, immunomodulatory, and anticancer activities. The multiple varieties of bioactive metabolites
suggest that the therapeutic potential of E. quinquelocularis is likely due to the interaction or cooperation of its phytochemical constituents
and not due to the individual activity of single compounds. Fatty acids, along with phenolic acids and flavonoids, are indicative of the natural
metabolites contained within the species of valuably occurring pharmaceuticals and nutraceuticals.

This study broadens the known metabolites of E. quinquelocularis, a little known medicinal tree in the Malvaceae family. From a taxonomic
standpoint, it offers a method of establishing a chemical fingerprint from which a plant can be reliably identified. This study also serves to
standardize phytochemicals and perform quality control assessments on other plant derived material. The dataset of the metabolites
generated in this study will serve as an excellent baseline for other studies on comparative metabolomics and chemotaxonomy of the genus
and related taxa. The results overall support that E. quinquelocularis is a new potential natural source of varied bioactive metabolites and give
a solid scientific support for directing its future use in the fields of pharmaceutical, nutraceutical, functional food and natural products drug
discovery research.
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