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ABSTRACT

Ocimum gratissimum L. (Lamiaceae) is an important medicinal plant widely recognized for its diverse therapeutic
properties and rich phytochemical composition. The present study aimed to evaluate the phytochemical constituents, total
phenolic content, antioxidant activity, and chemical profile of O. gratissimum leaf extracts. Preliminary phytochemical
screening of the aqueous and methanolic extracts revealed the presence of tannins, alkaloids, saponins, flavonoids,
anthraquinones, steroids, and cardiac glycosides. With an ICso value of 1.940 pg/mL in the DPPH radical scavenging
assay, the methanolic leaf extract showed significant antioxidant activity and the highest total phenolic content (336.00 mg
GAE/g dry extract). Alkaloids, flavonoids and steroids were validated by thin-layer chromatography (TLC) and 39
structurally varied bioactive metabolites, including alkaloids, flavonoids, phenolics, quinones, glycosides, and
antimicrobial chemicals, were identified by LC-MS/MS profiling. On the whole, the results show that O. gratissimum, is a
rich source of bioactive phytochemicals with strong antioxidant activity, supporting its traditional medicinal use and
emphasizing its potential for pharmaceutical and nutraceutical explorations and applications.
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INTRODUCTION Mentha and Salvia are widely spread in a variety of
environments and are prized for their culinary, medicinal,
and economic significance. The Lamiaceae family is a
valuable resource for pharmaceutical and natural product
research because to its abundance of bioactive secondary
metabolites, such as alkaloids, terpenoids, and polyphenols,
which have antioxidant, antibacterial, anti-inflammatory,
antiviral and anticancer properties (Katyal et al., 2026).

Since ancient times, plants have been vital to human
existence. They supply nutrients and natural medications
whose therapeutic qualities are utilized to prevent and treat
a wide range of illnesses. Simple herbal formulations were
used in the early days of medical plant use, and information
about the therapeutic qualities and application techniques of
certain plants for treating a range of illnesses was passed  .imum gratissimum L., also known as clove basil or
down orally from generation to generation. This ancient  African basil, is a significant fragrant and medicinal plant
wisdom has been methodically documented and conserved i the Lamiaceac family that is highly prized for its
over time (Krstin et al., 2026). Over 7,000 species in 236 pharmacological, ethnomedical and nutritional benefits. Its
genera make up the Lamiaceae (mint family), which is leaves are used as a culinary spice in many Asian and
distinguished by fragrant plants with square stems, opposite  African countries, and it has historically been used to cure
leaves, and bilabiate flowers. Species including Ocimum,  respiratory conditions, ~diabetes, diarrhoea, malaria,
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inflammation, and microbiological infections. O.
gratissimum is also a promising natural resource for
pharmaceutical development and functional food
applications because it is rich in essential oils, especially
eugenol and thymol. The therapeutic potential of medicinal
plants is greatly enhanced by phytochemicals, which are
naturally occurring bioactive secondary metabolites.
Numerous biological actions, including antioxidant,
antibacterial, anti-inflammatory, anticancer, and
antidiabetic properties, are displayed by major classes, such
as polyphenols, flavonoids, alkaloids, terpenoids, tannins,
and essential oils where they scavenge free radicals,
modulate oxidative stress, and control important cellular
signalling pathways (Maphetu et al., 2026). Because of
their potent antioxidant qualities, phenolic compounds are
among the most significant secondary metabolites found in
plants. The Folin-Ciocalteu assay is frequently used to
measure Total Phenolic Content (TPC), which gives an
estimate of the phenolic components in plant extracts and is
a crucial predictor of their potential for bioactivity. The 2,2-
diphenyl-1-picrylhydrazyl (DPPH) assay, which measures
these compounds capacity to scavenge free radicals by
donating hydrogen atoms or electrons, is commonly used to
assess their antioxidant activity. To evaluate the antioxidant
activity and medicinal benefit of medicinal plants, TPC and
DPPH assays are frequently used (Chedea and Pop, 2019).
Thin-layer chromatography (TLC) is a crucial tool for
phytochemical fingerprinting and quality control since it is
a quick, easy, and affordable method that is frequently used
for the initial separation, identification, and qualitative
screening of phytochemicals in medicinal plants. On the
other hand, liquid chromatography—mass spectrometry
(LC-MS) provides great sensitivity, selectivity and
accuracy for the identification and characterization of
complex metabolites, allowing for thorough metabolite
profiling and making it easier to find bioactive substances.
For phytochemical analysis, authenticity and natural
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product research, the complementary use of TLC and LC-
MS offers a reliable method (Siddiquee et al., 2023;
Queiroz et al., 2024). Although O. gratissimum has been
extensively recognized for its medicinal value,
comprehensive studies integrating phytochemical profiling
with antioxidant evaluation remain limited. Therefore, the
present study was undertaken to investigate the
phytochemical composition of O. gratissimum using TLC
and LC-MS analyses to evaluate its total phenolic content
and antioxidant potential through TPC and DPPH assays.
The findings of this study provide scientific evidence
supporting the therapeutic and pharmaceutical potential of
this medicinal plant.

MATERIALS AND METHODS

Collection of plant samples

Fresh and healthy plants of O. gratissimum L. (Lamiaceac)
were collected from the Thithimathi Forest Region of
Kodagu, Karnataka, India during April 2026 (Figure 1).
Thithimathi is located approximately 78 km from Madikeri,
191 km from Mangalore, and 214 km from Bangalore. The
collected plant samples were placed in sterile zip-lock
polythene bags and transported to the laboratory for further
processing. The plant was identified using standard
taxonomic keys and regional floras, including Flora of
Presidency of Madras (Gamble, 1967) and Flora of
Karnataka (Saldhana, 1996). The dried leaves were finely
powered and 30g of resulting material was extracted with
100 mL of methanol on a rotary shaker and concentrated
under reduced pressure using rotary evaporator, lyophilized
and stored until further use. To compare the phytochemical
profile with that of the methanolic extract, an aqueous
extract was prepared from same powdered leaf material
following similar procedure.

|_» THITHIMATHI FOREST

Figure 1. Map showing the location of plant sample collection.
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Phytochemical screening

The aqueous and methanolic extracts were subjected to
preliminary qualitative phytochemical screening for the
detection of major phytochemical constituents following
the standard methods of Harborne (1973), Trease and
Evans (1989) and Sofowora (1993).

Determination of Total Phenolic Content

The Total Phenolic Content (TPC) of the plant extract was
determined using Folin-Ciocalteu method described by
Volluri et al., 2011, with gallic acid used as the reference
standard. Briefly, the methanolic and aqueous extracts were
dissolved in their respective solvents to obtain a stock
concentration of 1 mg/mL, from which working solutions
were prepared. An aliquot of each sample was mixed with
0.5 mL of Folin-Ciocalteu reagent followed by 1.0 mL of
20% Sodium carbonate (Na,COs) solution. The reaction
mixture was incubated in the dark at room temperature for
45 min and the absorbance was measured at 765 nm using a
UV-Visible spectrophotometer (FM-UVS-A200). The total
phenolic content was calculated from gallic acid calibration
curve and expressed as milligrams of gallic acid
equivalents per gram of dry extract.

DPPH Radical Scavenging Assay

The antioxidant activity of plant extracts was evaluated
using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay
following the method of Pannangpetch et al. (2007). A
0.004% of DPPH solution was prepared in methanol.
Different concentrations of the extracts of (20-100 pg/mL)
and ascorbic acid (5-25 pg/mL) as the positive control were
mixed with 2.0 mL DPPH solution and incubated in the
dark room at room temperature for 20 min and absorbance
was recorded at 517 nm using UV-Visible
spectrophotometer (FM-UVS-A200). The percentage of
DPPH decoloization was determined and the antioxidant
activity was expressed as the I1Csg value.

Thin-Layer Chromatography (TLC)

Thin-Layer Chromatography (TLC) was performed to
characterize the major phytochemical constituents present
in the methanolic leaf extract of O. gratissimum. The
extract (15 mg mL™" in methanol) was applied to silica gel
60 F2ss aluminium-backed TLC plates (Merck, Germany)
and developed wusing optimized solvent systems.
Chloroform: methanol was employed for the separation of
alkaloids and steroids, whereas chloroform:methanol:water
was used for flavonoids. The developed plates were air-
dried and visualized using iodine vapour (alkaloids and
steroids) or a spray reagent containing cupric sulphate,
sodium citrate and sodium bicarbonate (Flavonoids). The
separated compounds were characterized by their retention
factor (Rf) values.

Characterization of Phytochemical Constituents by LC-
MS/MS

The phytochemical profile of the methanolic leaf extract of
O. gratissimum L. was characterized using AB Sciex 3200
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QTRAP LC-MS/MS system coupled with a PerkinElmer
FX-15 HPLC (Advance Chemistry Solutions). The extract
(0.1 mg mL" in methanol) was filtered through a 0.22-um
membrane filter, and 10 10 pL was injected onto an
Accucore C18 column (50 x 4.6 mm, 2.6 um; Thermo
Scientific). Chromatographic separation was achieved
using 0.1% formic acid in water (Mobile phase A) and
acetonitrile (mobile phase B). Mass spectrometric detection
was performed in positive electrospray ionization (ESIY)
mod with a capillary voltage of 2.5 kV, cone voltage of 40
V, collision energy of 30 V, source temperature of 150°C,
and desolvation temperature of 450°C. Nitrogen was used
as the desolvation and cone gas, while argon served as the
collision gas. Phytochemical constituents were tentatively
identified by comparing the m/z values and fragmentation
patterns with entries in the Spectral Database for Organic
Compounds (SDBS).

RESULTS AND DISCUSSION

Preliminary phytochemical screening of the aqueous and
methanolic extracts of the root, stem and leaves of O.
gratissimum L. revealed the presence of diverse secondary
metabolites which varied among different plant parts (Table
1 & Figure 2). The leaf extracts exhibited the highest
diversity of phytochemicals irrespective of the extraction
solvent. The aqueous extracts contained tannins in all
evaluated plant parts, whereas alkaloids, saponins,
flavonoids, steroids and cardiac glycosides were
predominantly detected in the leaf extract. Stem extracts
showed the presence of tannins, saponins, steroids and
cardiac glycosides, where anthraquinines, terpenoids,
phlobatannins and reducing sugar were absent in all
aqueous extract. The methanolic extracts showed a
comparatively distinct phytochemical profile. Tannins were
detected only in the leaf extract, while alkaloids were
present in the root, stem and leaf extracts. Saponins,
flavonoids, were detected exclusively in methanolic leaf
extract. Steroids and cardiac glycosides were present in
both stem and leaf extracts. Reducing sugars were absent in
all methanolic extracts. The total phenolic content of the
aqueous and methanolic extracts of leaf, stem and root of
O. gratissimum L. was determined using the Folin-
Ciocalteu method. In all plant parts, the TPC increased
progressively with increasing extract concentration (20-100
pg/mL). Methanolic extracts consistently exhibited higher
phenolic content than the corresponding aqueous extracts.
Among the plant parts, leaf methanolic extract recorded
highest TPC, increasing from 42.25 to 336.00 mg GAE/g
dry extract whereas the aqueous leaf extract ranged from
13.50 to 262.25 mg GAE/g dry extract (Figure 3a). The
stem extract also showed a concentration-dependent
increase in TPC, with methanolic extracts ranging from
14.75 to 262.25 mg GAE/g dry extract and aqueous
extracts from 1.00 to 201.00 mg GAE/g dry extract (Figure
3b). Similarly, the root extracts exhibited lower phenolic
content than the leaf and stem extracts, with methanolic
extracts ranging from 8.50 to 164.75 mg GAE/g dry extract
and aqueous extracts from 6.00 to 146.00 mg GAE/g dry
extract (Figure 3c). Overall, the phenolic content followed
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the order leaf>stem>root, while the extraction efficiency of  contituents from O. gratissimum L. The highest TPC was
solvents followed the order methanol>aqueous, signifying observed in the methanolic leaf extract (336.00 mg GAE/g
that the methanol was more effective in extracting phenolic ~ dry extract) at an extract concentration of 100 pg/mL.

- Greencolor

—> Orange precipitate
solution

TANNINS ALKALOIDS

} Persistent

foam
—> Yellow color
solution
P:
B T ——
SAPO! S FLAVONOIDS
} Bluish green ‘ } Greenring

upper layer

CARDIAC GLYCOSIDES STEROIDS

Note: ‘P" - Positive ; ‘N’ — Negative

Figure 2. Qualitative detection of phytochemicals.
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Figure 3a. Total phenolic content of leaf aqueous and methanolic extracts.
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Figure 3b. Total phenolic content of stem aqueous and methanolic extracts.
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Figure 3c. Total phenolic content of root aqueous and methanolic extracts.
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Figure 4. DPPH radical scavenging activity (IC50) of methanolic extracts of O. gratissimum L. leaf, stem and root
compared with the standard (Ascorbic acid).
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Figure 5. Thin-layer chromatographic (TLC) profiles of the methanolic leaf extract of o. gratissimum showing the
separation of A. Alkaloids; B. Flavonoids and C. Steroids.
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Figure 6A. Total ion chromatogram (TIC) of the methanolic leaf extract of O. gratissimum acquired in positive ionization
mode (ESI+).
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Figure 6B. Total ion chromatogram (TIC) of the methanolic leaf extract of O. gratissimum L. acquired in negative

ionization mode (ESI-).

Table 1. Preliminary qualitative phytochemical screening of aqueous and methanolic extracts of O. gratissimum L. plant

parts
Phytochemical tests Aqueous extract Methanol extract
Root Stem Leaf Root Stem Leaf
Tannins + + + - - +
Alkaloids - - + + + +
Saponins - + + - - +
Flavonoids - - + - +
Anthraquinones - - - - - -
Terpenoids - - - - - -
Steroids - + + - + +
Phlobatannins - - - - - -
Cardiac glycosides - + + - + +

Reducing sugars - -

The antioxidant activity of the methanolic extracts of O.
gratissimum L. leaf, stem and root was evaluated using
DPPH free radical scavenging assay. All methanolic
extracts exhibited considerable DPPH radical scavenging
activity. The percentage radical scavenging activity ranged
from 87.23% to 88.05%, while the ICso values ranged from
1.940 to 2.473 pg/mL. The leaf extract exhibited the
strongest antioxidant activity with the lowest ICso value of
1.940 pg/mL, followed by the stem extract 2.254 pg/mL
and the root extract 2.473 ug/mL. The stem extract showed
the highest percentage inhibition (88.05%), followed by the
root (87.70%) and leaf (87.23%) (Figure 4). Thin-layer

www.ijzab.com

chromatography (TLC) was performed to characterize the
major phytochemical constituents present in the methanolic
leaf extract of O. gratissimum. The chromatographic
profiles visualized using appropriate spraying reagents,
confirmed the presence of alkaloids, steroids and
flavonoids as indicated by their characteristic color,
reactions and retention factor (Rf) values. The alkaloid
fraction exhibited two distinct bands with Rf values of 0.92
(dark brown) and 0.74 (light brown), confirming the
presence of alkaloid compounds. The steroid fraction
produced two distinct bands with Rf values of 0.84 (light
green) and 0.65 (brown), indicating the occurrence of
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steroidal constituents. The flavonoid fraction exhibited a
single yellow band with an Rf value of 0.72, confirming the
presence of flavonoids in the methanolic leaf extract. The
TLC chromatographic profiles of the methanolic leaf
extract are presented in Figure 5. LC-MS/MS analysis
performed in positive electrospray ionization mode (ESI+)
(Figure 6A) resulted in the identification of 17 bioactive
metabolites belonging to diverse chemical classes including

alkaloids, flavonoids, steroids, phenolics, quinones,
glycosides, nucleoside-peptide antibiotics, thiopeptide
antibiotics, anthraquinone derivatives and diterpene

quinones (Table 2A). The detected metabolites exhibited a
wide range of molecular masses (m/z 146.13—1341.47) and
retention times ranging from 1.01 to 8.47 min, indicating
considerable chemical diversity within the extract.
Alkaloids constituted one of the predominant metabolite
groups, represented by 4-hydroxyquinazoline (4-
quinazolinol) (RT 1.18 min; m/z 146.13), Rhopaladin C
(RT 2.31 min; m/z 433.14), and Arisostatin A (RT 2.63
min; m/z 1341.47), all exhibiting 100% relative abundance.
Among these, Aristostatin A was the highest molecular
weight compound identified. Flavonoids were another
major class, comprising Genistein 7-O-glucoside-6"-
malonate, Cyanidin 3-(6"-dioxalylglucoside) and Malvidin
3-0-(6-0O-(4-O-malonyl-a-rhamnopyranosyl)-p-
glucopyranoside)-5-O-B-glucopyranoside, each detected
with 100% relative abundance, suggesting their abundance
in the extract.

The analysis also revealed the presence of several
phenolic and quinonoid compounds. Hydroquinone,
identified at RT 1.01 min (m/z 110.05), was the earliest
eluting metabolite, whereas Obtusaquinone showed a
comparatively lower relative abundance (44%), making it
the last abundant compound detected among the identified
metabolites. Other qionone derivatives, including 2-
methoxynaphthoquinone, Neobulgarone E,
Pseudohypericin, and Przewaquinone A, were also
identified, with Przewaquinone A exhibiting a relative
abundance of 73%. In addition to secondary metabolites,
several bioactive antimicrobial compounds were identified,
including the steroid Spiroxin, the glycoside Ranunculin,
the nucleoside-peptide antibiotic Nikkomycin C, and the
thiopeptide antibiotics Thioxamycin and Aureothricin, all
of which displayed 100% relative abundance. These
compounds have previously been reported to possess
antibacterial, antifungal, cytotoxic and enzyme inhibitory
activities. Overall, the LC-MS/MS profile demonstrated
that the extract is enriched with structurally diverse

metabolites possessing documented antioxidant,
antimicrobial, anti-inflammatory, antiviral, anticancer,
antitumor, antiproliferative, kinase inhibitory, DNA-

cleaving, apoptosis-inducing and chitin synthase inhibitory
activities.

LC-MS/MS analysis performed in negative electrospray
ionization mode (ESI-) (Figure 6B) enabled the
identification of 22 bioactive metabolites distributed across
nine major chemical classes, including alkaloids,
flavonoids, organic acids, quinone antibiotics, nucleoside
analogues, cyanogenic glycosides, azaspiro compounds, [3-

www.ijzab.com

Int. J. Zool. Appl. Biosci., 11(5SP), 50-65, 2026

lactam antibiotics and aminoglycoside antibiotics (Table
2A). The identified metabolites exhibited retention times
ranging from 0.118 to 8.71 min with precursor ions (m/z)
varying from 169.03 to 1113.57, demonstrating the broad
metabolite coverage achieved under negative ionization.
Flavonoids represented the most abundant class, accounting
for seven identified metabolites, namely Peonidin 3-
rhamnoside, Quercetin 3-(3"-acetyl-o-L-
arabinofuranoside), Rhusflavone, [5.5']-
Bisdihydroquercetin, Delphinidin 3-(2"-galloylgalactoside),
Catechin-(40—8)-pelargonidin 3-O-B-glucopyranoside, and
Gentiodelphin, all detected with 100% relative abundance.
Among these Gentiodelphin possessed the highest
molecular mass (m/z 1113.57), whereas [5,5']-
Bisdihydroquercetin exhibited the shortest retention time
(0.118 min). Alkaloids constituted another prominent
metabolite  group and included Norepinephrine,
Carbazomycin F, Boldine, and Benzo[g]isoquinoline-5,10-
dione, with all compounds showing 100% relative
abundance except Benzo[g]isoquinoline-5,10-dione, which
exhibited 84% relative abundance. Several compounds
belonging to antimicrobial and pharmacologically
important metabolite classes were also detected. These
included the quinone antibiotic Epoxyquinomycin C,
nucleoside antibiotics Streptozocin and Psicofuranine, the

nucleoside analogue Sangivamycin B, the [-lactam
antibiotics  Valclavam and Piperacillin, and the
aminoglycoside antibiotics 5-Deoxy-5-halo-gentamicin

Cla and Pamamycin, all identified with 100% relative
abundance. In addition, the cyanogenic glycoside Dhurrin,
the azaspiro compound Pseurotin A, and the organic acid
Calvatic acid were also detected.

The metabolites identified in the negative ion mode have
previously been associated with diverse biological
properties, including antioxidant, anti-inflammatory,
antimicrobial, antifungal, antiviral, antitumor, anticancer,
neuroprotective, immunomodulatory, hepatoprotective,
cardioprotective, insecticidal, bactericidal and
antipseudomonal activities (Table 2B). The preliminary
phytochemical screening showed that O. gratissimum L.
exhibited diverse secondary metabolites, with variation
among plant parts and extraction solvents. The leaves
exhibited the greatest phytochemical diversity in both
aqueous and methanolic extracts, indicating them as the
principal site for the accumulation of bioactive constituents.

This observation is consistent with the physiological role
of leaves as the primary organs of photosynthesis and
secondary metabolite biosynthesis, phenolic
compounds, flavonoids, alkaloids and glycosides are
synthesized to protect the plant against oxidative stress,
herbivory, microbial infection. The present findings are in
agreement with the recent comprehensive review by
Maphetu et al. (2026), which identified alkaloids,
polyphenols, flavonoids, tannins and steroids as major
phytochemical constituents of O. gratissimum. In the
present study, reducing sugars were not detected in any of
the methanolic extracts which is consistent with the recent

where



Naguvanahalli Somashekar Bhavana ef al.

study of Olorunfemi et al. (2025), who also reported the
absence of reducing sugars in the methanolic extract of
same plant species suggesting that these metabolites may

Int. J. Zool. Appl. Biosci., 11(5SP), 50-65, 2026

occur at concentrations below the detection limit of
qualitative phytochemical assays or vary according to
extraction conditions and plant material.

Table 2A. Bioactive compounds identified from the positive ion mode (ESI+) LC-MS/MS chromatogram of the
methanolic leaf extract of O. gratissimum L.

letention m/z Bioactive compounds Chemical Relative Molecular Biological References
time class abundance formula activity

1.18 146.13  4-Hydroxyquinazoline (4- Alkaloids 100% CsHeN20 Anticancer, Tokali,

quinazolinol) antibacterial, 2025;
antifungal, anti- Kalakwade
inflammatory, etal., 2026
antiviral,

2.31 433.14  Rhopaladin C Alkaloids 100% BrC2iHisN4O2  Antibacterial, Dvorak
kinase and Tepe,
inhibitory, 2024
anticancer.

2.63 1341.47  Arisostatin A Alkaloids 100% Ce9oH100N2024 Antitumor, Furumai et
antibacterial and al., 2000
apoptosis

4.26 518.35  Genistein 7-O-glucoside-6"-  Flavonoids 100% C24H2013 Antioxidant, Shete et

malonate anticancer, anti- al.,, 2024,
inflammatory, Gosamy et
al., 2025
6.83 593.30  Cyanidin 3-(6"- Flavonoids 100% C25H21017 Antioxidant, Kowalczyk
dioxalylglucoside) anti- et al.,
inflammatory, 2024;
anticancer, Bharathy et
al., 2025
7.866 887.60  Malvidin 3-O-(6-O-(4-O- Flavonoids 100% C38H47024 Antioxidant, Merecz-
malonyl-alpha- anti- Sadowska
rhamnopyranosyl)-beta- inflammatory, etal., 2023
glucopyranoside)-5-O-beta-
glucopyranoside

2.18 449.14 Spiroxin Steroids 100% C20CIH9O9 Antibacterial, Shu et al.,
DNA-cleaving, 2021; Xu
cytotoxic, and eral., 2022
antitumor
activities.

1.01 110.05  Hydroquinone Phenolics 100% C6HeO2 Antioxidant, Chang et
anti- al., 2019;
inflammatory, Giner et
antimicrobial, al., 2022

7.578 254.28 Obtusaquinone Quinones 44% Ci16H1403 Anticancer, Badr et al.,
induced 2013; Badr
apoptosis, anti- et al., 2020
tumor,

1.96 188.10  2-Methoxynaphthoquinone Quinones 100% C11Hs03 Anticancer, Xiang et
Antimicrobial al., 2025
and antiviral

8.47 607.32  Neobulgarone E Quinones 100% C32C2H2408 Antimicrobial, Eilbert et
moderate al., 2000;
cytotoxicity, and Morehouse
inhibition of etal., 2000
appressorium
formation.

1.55 276.17  Ranunculin glycosides 100% C11H160s Antimicrobial, Sirak et al.,
anti- 2025
inflammatory,
and antioxidant.

2.48 287.08  Nikkomycin C Nucleoside- 100% CioH13N50~ Antifungal, Kumar and

peptide chitin synthase Jha, 2023;
antibiotic inhibitory, and Pumula et
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2.87

3.29

4.73

5.15

1265.41

242.31

520.37

310.33

Thioxamycin
Aureothricin
Pseudohypericin

Przewaquinone A

Thiopeptide
antibiotic
Thiopeptide
antibiotic

100%

100%

Anthraquinone  100%

derivative
Diterpene
quinone

73%

antimicrobial. al., 2024
Cs2H4sN1601sSs  Antibacterial Matsumoto
et al., 1989
CoH10N20:2S2 Antibacterial Umezawa
etal., 1948
C30H1609 Anticancer Birt et al.,
2009
C19H1804 Anticancer, Su et al,

Antiproliferative 2026

Table 2B: Bioactive compounds identified from the negative ion mode (ESI-) LC-MS/MS chromatogram of the
methanolic leaf extract of O. gratissimum L.

Retentio m/z Bioactive Chemical Relative Molecular  Biological Reference
n time compounds class abundanc formula activity s
e
1.72 169.03  Norepinephrine Alkaloids 100% CsH11NO3 Neuroprotective, Thoppil et
anti-inflammatory, al., 2023;
antioxidant, and Ghasemi
immunomodulator  and
y. Mehranfar
d, 2024
8.52 209.04 Benzo[g]isoquinolin  Alkaloids 84% Ci3H7NO, Antitumor Gomez-
e-5,10-dione Monterrey
etal., 2003
2.504 30.1.01 Carbazomycin F Alkaloids 100% CisHisNOs  Antifungal, anti- Lin et al,
inflammatory 2024
3.113 327.23 Boldine Alkaloids 100% Ci9H21NO4  Antioxidant, anti- Lamba et
inflammatory, al., 2024
neuroprotective,
and anticancer.
2.182 447.11  Peonidin 3- Flavonoids 100% Cx»H2010 Antioxidant, anti- Bharathy
rhamnoside inflammatory, etal., 2025
anticancer, and
antimicrobial.
4.53 476.30  Quercetin 3-(3"- Flavonoids 100% C2H20012 Antioxidant, Moradi-
acetyl-alpha-L- hepatoprotective, Afrapoli et
arabinofuranoside) and a-glucosidase al., 2012
inhibitory.
8.71 540.35 Rhusflavone Flavonoids 100% C30H20010 Anti- Yun et al.,
osteoclastogenic, 2025
0.118 606.41 [5'.5']- Flavonoids 100% C30H22014 Antioxidant and Filippovic
Bisdihydroquercetin anti-inflammatory h et al,
2025
5.54 617.41 Delphinidin 3-(2"- Flavonoids 100% C23H25016 Anticancer Xu et al.,
galloylgalactoside) 2026
3.99 721.39  Catechin-(40—8)- Flavonoids 100% Cs6H32016 Antioxidant, anti- Rahman et
pelargonidin 3-O-f- inflammatory, and al., 2006;
glucopyranoside cardioprotective. Li et al,
2021
3.38 1113.5 Gentiodelphin Flavonoids 100% Cs1Hs3023 Biological activity not
7 specifically reported
1.23 191.07  Calvatic acid Organic acid 100% CsHsN303 Carcinostatic Dembitsky
activity etal., 2017
4.83 291.21  Epoxyquinomycin C  Quinone 100% CisHisNOg  Anti-arthritic and Matsumoto
antibiotic immunomodulator et al.,
y 1997a,
1997b.
www.ijzab.com 60



Naguvanahalli Somashekar Bhavana ef al.

Int. J. Zool. Appl. Biosci., 11(5SP), 50-65, 2026

6.59 265.16  Streptozocin Nucleoside
antibiotics
5.12 297.26  Psicofuranine Nucleoside
antibiotics
7.51 309.19  Sangivamycin B Nucleoside
(against sars cov 2)  analogue
8.52 311.18  Dhurrin (against Cyanogenic
insect pest) glycoside
2.33 431.11  Pseurotin A Azaspiro
compound
3.24 329.25 Valclavam B-Lactam
(antibiotic) antibiotic
3.62 517.33  Piperacillin (to treat  B-Lactam
bacterial infections)  antibiotic
4.63 559.33  5-Deoxy-5-halo- Aminoglycosi
gentamicin Cla de antibiotic
4.12 649.39  Pamamycin Aminoglycosi

de antibiotic

100% CsHsN3O;  Genotoxic, Bolzan and
Antineoplastic, Bianchi,
Broad-spectrum 2002
antibiotic
100% Ci11H5N505 Biological activity not
specifically reported
100% Ci2HisNsOs  Antitumor activity  Wu et al,,
Antiviral activity 2025
Antibacterial
activity
100% Ci4sHi7NO7;  Herbivore Yadav et
deterrent, al., 2023;
insecticidal, and Wang et
plant defense al., 2024
metabolite.
100% CH)sNOg Anti- McGehee
inflammatory, et al.,
anticancer, 2023;
immunosuppressiv. McGehee
e, and antibacterial et al., 2025
100% C14H23N30¢  Bacteriostatic and Jensen,
antifungal. 2012
100% C2H27NsO7  Broad-spectrum El-Kimary
S antibacterial, etal., 2024
bactericidal, and
antipseudomonal
100% Ci9H3sINsO  Biological activity not
6 specifically reported
100% C3sHg7NO7;  Antibacterial, Eckert et
antimycobacterial, al., 2023
anticancer

The present study demonstrated that the phenolic content of
the selected plant varied with the plant parts and extraction
solvent. Among the evaluated samples, the methanolic leaf
extract exhibited the highest TPC, whereas the root extracts
contained comparatively lower phenolic levels. Studies
conducted by Maphetu ef al. (2026) also showed leaves
were found to be rich in phenolic compounds. In addition,
Achuenu et al., 2025 studies exhibited highest TPC and
flavonoid contents in leaf extracts of O. gratissium,
compared to stem extracts further supporting the present
findings that leaves serve as the principal reservoir of
phenolic metabolites. The higher phenolic content obtained
with methanol compared to aqueous extracts is also in
agreement with Onyebuchi and Kavaz, 2020. The
methanolic leaf extract of O. gratissimum exhibited the
highest total phenolic content (336.00 mg GAE/g dry
extract), followed by the corresponding aqueous extract
(262.25 mg GAE/g dry extract). These values are
considerably higher than those reported by Maphetu et al.
(2026), with the TPC of 63.05 mg GAE/g for methanolic
leaf extracts, 74.59 mg GAE/g for hydromethanolic
extracts and 8.47 mg GAE/g for hot-water extracts of the
same plant. The methanolic extracts of the selected plant
species exhibited DPPH radical scavenging activity (87.23—
88.05%) and ICso values (1.940-2.473 ng/mL). Among the
tested plant parts, the leaf extract showed the highest

www.ijzab.com

activity of with an ICso value of 1.940 pg/mL. Recently,
Felix et al., 2026 reported that a nanoparticle-based herbal
formulation prepared from O. gratissimum and O.
tenuiflorum exhibited 90.91% DPPH radical scavenging
activity at 50 pg/mL, Although the antioxidant activity
reported was slightly higher than the percentage inhibition
observed in the present study. Their investigation evaluated
a nanocomposite formulation rather than crude methanolic
extracts. Nanoparticle incorporation is known to enhance

the stability, surface area and bioavailability of
phytochemicals, thereby improving antioxidant
performance.

Thin-layer chromatography (TLC) of the methanolic leaf
extract in our study confirmed the presence of alkaloids,
steroids and flavonoids based on their characteristic color
and Rf values. These findings are in agreement with
Achuenu et al., 2025 employing TLC analysis to detect
antioxidant-active constituents in O. gratissimum leaves,
indicating the presence of bioactive phytochemicals.
Previous LC-MS investigations of O. gratissimum have
predominantly identified phenolic acids and flavonoids,
including rosmarinic acid, caffeic acid, chlorogenic acid,
luteolin,  apigenin, rutin, vicenin-2, nevadensin,
xanthomicrol and salvigenin as the major constituents. In
contrast, the present LC-MS/MS analysis identified several
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additional metabolites, including 4-hydroxyquinazoline,
Rhopaladin C, Arisostatin A, Genistein 7-O-glucoside-6"-
malonate, Cyanidin 3-(6"-dioxalylglucoside), Malvidin
glycoside, Obtusaquinone, Neobulgarone E,
Pseudohypericin, Przewaquinone A, Ranunculin, Spiroxin,
Nikkomycin C, Thioxamycin and Aureothricin, many of
which have not been documented in previous
phytochemical reports of O. gratissimum. These findings
indicate broader metabolite diversity in the methanolic leaf
extract than has been described previously. Nevertheless,
because several of these metabolites are more commonly
associated with other plant genera or microbial sources,
their occurrence should be regarded as putative LC—
MS/MS annotations pending further structural confirmation
using authentic standards or complementary spectroscopic
techniques (Venuprasad et al., 2014; Ugbogu et al., 2021).
LC-MS/MS analysis in the negative electrospray ionization
mode revealed a diverse metabolite profile comprising
flavonoids, alkaloids, organic acids and other bioactive
compounds. Flavonoids constituted the predominant
chemical class, consistent with previous metabolomic
studies of O. gratissimum, which reported flavonoids and
phenolic acids as the major constituents responsible for its
antioxidant potential (Venuprasad et al., 2014; Maphetu et
al., 2025). The abundance of flavonoids detected in the
present study corroborates the high total phenolic content
and strong DPPH radical scavenging activity observed in
the methanolic leaf extract. In addition, alkaloids, organic
acids and several putatively annotated metabolites,
including quinone antibiotics, nucleoside analogues, B-
lactam antibiotics and aminoglycoside antibiotics, further
expanded the phytochemical profile of O. gratissimum.
Since many of these metabolites have not been previously
reported in O. gratissimum, their identification should be
considered tentative and warrants further confirmation
using authentic standards and complementary spectroscopic
techniques. Nevertheless, the broad spectrum of
metabolites detected highlights the chemical diversity of O.
gratissimum and provides a plausible basis for its reported
antioxidant, antimicrobial, anti-inflammatory and other
pharmacological activities.

CONCLUSION

Ocimum gratissimum 1is a rich source of bioactive
phytochemicals with strong antioxidant potential, as the
current study showed. The existence of a variety of
secondary metabolites, including alkaloids, flavonoids,
steroids, phenolics, and other pharmacologically significant
chemicals, was confirmed by preliminary phytochemical
screening, TLC analysis, and LC-MS/MS profiling. The
methanolic leaf extract's enhanced antioxidant ability was
demonstrated by its highest total phenolic content and
strongest DPPH radical scavenging activity. Overall, the
results highlights selected plant’s potential as a promising
source of natural bioactive chemicals for pharmaceutical
and nutraceutical uses and offer scientific evidence in
favour of the plant's traditional therapeutic use. To enable
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the therapeutic use of the identified metabolites, further
isolation, structural characterization, and biological
validation are necessary.
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