
612

Annals of Phytomedicine 14(2): 612-621, 2025

Annals of Phytomedicine: An International Journal
http://www.ukaazpublications.com/publications/index.php

Print ISSN : 2278-9839 Online ISSN : 2393-9885

DOI: http://dx.doi.org/10.54085/ap.2025.14.2.60

Article Info
Article history
Received 16 Octobe 2025
Revised 24 November 2025
Accepted 25 November 2025
Published Online 30 December 2025
Keywords
Flacourtia indica (Burm. f.) Merr.
Antioxidant activity
GC-MS analysis
Quercetin
Total phenolic content

Phytochemical characterization and antioxidant potential of Flacourtia indica
(Burm. f.) Merr. root extracts: A GC-MS based validation of traditional medicinal
use
R. Jasmine Juliet*, P. Annapoorani**, P. Anandan***, V. Mariappan****, A. K. V. Sama**, C. Mahalakshmi** and R.
Ramalakshmi**
* Department of Biotechnology, Agricultural College and Research Institute, Tamil Nadu Agricultural University, Madurai-625104, Tamil Nadu,

India
* Research Centre of Biochemistry, V.V.Vanniaperumal College of Arts and Science for Women (Affiliated to Madurai Kamaraj University),

Virudhunagar-626001, Tamil Nadu, India
* * Research Centre of Biochemistry, V.V.Vanniaperumal College of Arts and Science for Women (Affiliated to Madurai Kamaraj University),

Virudhunagar-626001, Tamil Nadu, India
*** Forage Research Zone, AIIRLIVAS Thalaivasal, Salem-636112, Tamil Nadu, India
**** Department of Zoology, ANJAC College for Arts and Science, Sivakasi-626123, Tamil Nadu, India

Abstract
Flacourtia indica (Burm.f.) Merr. is a plant of notable ethnomedicinal value traditionally used to treat
inflammatory, infectious, and cardiovascular ailments. This study assessed the phytochemical composition
and antioxidant potential of root extracts prepared using ethanol (80%), methanol and water. Qualitative
analysis confirmed the presence of polyphenols, flavonoids, anthocyanins and quinones, the ethanolic
extract showing the most varied phytochemical profile. Quantitative assays showed that the alcoholic
extract had the highest total phenolic content (316 mg GAE/100 g), flavonoid content (128 mg QE/100
g), anthocyanins (18.26 mg/100 g) and ascorbic acid (23.16 mg/100 g). Antioxidant activities were
solvent-dependent; the aqueous extract gave the strongest DPPH scavenging effect (9.10% inhibition),
while the alcoholic extract recorded the highest ferric-reducing antioxidant power value (472.14 µMol
Fe²?/g). TLC studies confirmed the presence of quercetin-like flavonoids (Rf = 0.97), while GC-MS
profiling identified a pool of diverse bioactives comprising flavonoids, terpenes, alkaloids, and
organosiloxanes. These findings validate the traditional use of F. indica roots and highlight that the
ethanolic root extract as a promising compound for further pharmacological exploration.
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1. Introduction

Medicinal plants remain key basis of therapeutic agents particularly
in traditional medicine across Asia and Africa. Flacourtia indica
(Burm.f.) Merr. Salicaceae or Governor’s plum has been traditionally
used to manage fever, inflammation, infections and cardiovascular
disorders (Eramma, 2016). Commonly distributed in tropical and
subtropical Africa and Asia. In India, it occurs mainly in sub
Himalayan tracts, central regions and the Western Ghats, thriving in
dry deciduous to semi evergreen forests, village boundaries, degraded
forests and scrublands (Dharmappa, 2022). Its ecological adaptability
supports its ethnomedicinal use especially among rural and tribal
populations. The plant reaches 3 to 10 m bears spiny branches,
greenish flowers and dark purple drupes (Verdcourt, 2017).  Leaves,
fruits, bark and roots contain bioactive phytochemicals such as
flavonoids, phenolic acids, tannins and alkaloids. Root based

preparations are traditionally used for hypertension, microbial
infections and oxidative stress related conditions. Polyphenols and
flavonoids confer antioxidant properties aiding in cellular protection,
cardioprotection and metabolic regulation (Eramma and Patil, 2023).

Traditional medicinal claims do increasingly need scientific
substantiation by phytochemical and pharmacological studies. Plants
like F. indica contain a rich repository of secondary metabolites
responsible for executing several therapeutic effects including free
radical scavenging and enzyme modulation. A central mechanism in
the pathogenesis of neurodegeneration, atherosclerosis and diabetes
includes oxidative stress brought about by excessive reactive oxygen
species (ROS).The antioxidant defense property of bioactives from
plants, especially phenolics, flavonoids and ascorbic acid, plays a
vital role in mitigating oxidative damage and restoring cellular
homeostasis (Dumanovic et al., 2021). Hence, the antioxidant profile
of root extracts from F. indica provides a scientific justification for
its traditional uses and helps in the identification of bioactive leads
for natural antioxidant formulations.

However, detailed biochemical profiling and solvent based
comparative antioxidant evaluation of F. indica roots are limited.
Ethanol, methanol and water extract different phytocompounds based
on polarity and combined analyses using thin-layer chromatography
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(TLC) and gas chromatography/mass spectrometry (GC-MS) provide
comprehensive identification and characterization of phyto-
constituents (Mutha et al., 2025). This study evaluated qualitative
and quantitative phytochemicals of ethanol (80%), methanol and
aqueous root extracts, assessed antioxidant capacity via 2,2-
diphenyl-1-picrylhydrazyl (DPPH) and ferric reducing antioxidant
power (FRAP) assays, estimated total phenolic and ascorbic acid
content, confirmed flavonoids by TLC and identified individual
compounds using GC-MS to validate ethnopharmacological relevance
and to determine the most bioactive extract for further
pharmacological development.

2. Materials and Methods

2.1 Sampling and sample preparation

Healthy mature roots of Flacourtia indica (Burm.f.) Merr. Figure 1
was collected during the flowering season from wild populations in
Shengottai, Tenkasi district, Tamil Nadu, India (8.9725° N, 77.2488°
E). The species was authenticated by a taxonomist at the Department
of Botany and a Voucher Specimen (FI-Root-2025) was deposited
in the Institutional Herbarium. Roots were washed with tap and
distilled water, chopped, shade dried at 25 to 280C for 10 to 12 days
then ground to a fine powder was sieved through a 60 mesh screen
and stored in airtight containers for extraction (Eramma and Gayathri,
2021).

Figure 1: F. indica plant and roots.

2.2 Preparation of root extracts

Approximately, 25 g of the dried root powder was extracted with
three solvents of increasing polarity, viz., 80% ethanol, methanol
and distilled water. Each solvent extraction was carried-out separately
in a Soxhlet apparatus for 6 h. After extraction, the solvents were
filtered through whatman No.1 filter paper and concentrated in a
rotary vacuum evaporator (Buchi, Switzerland) at 400C under reduced
pressure. The concentrated extracts were weighed and stored in amber
coloured glass vials at 40C until further analysis (Eramma and
Gayathri, 2013).

2.3 Qualitative phytochemical screening

Qualitative screening of ethanolic, methanolic and aqueous F. indica
root extracts was performed following Shaikh and Patil (2020) to
detect major secondary metabolites. Polyphenols were identified by
adding 5% ferric chloride producing a dark green or blue black
coloration. Flavonoids were detected using ethanol, 1% aluminium
chloride and concentrated sulphuric acid (H2SO4), yielding a yellow

to orange color. Anthocyanins were confirmed by treatment with
chloroform (ChCl3) and aqueous ammonia (NH3) which resulted in a
pink or reddish layer, while quinones were confirmed by the formation
of red, blue or green precipitates upon addition of concentrated
sulphuric acid.

2.4 Quantitative estimation of phytochemicals

2.4.1 Total phenolic content (TPC)

TPC of F. indica root extract was determined according to the folin-
ciocalteu method following of Kupina et al. (2017). One ml of diluted
extract was mixed with 5 ml of folin-ciocalteu reagent (10%) and
kept for incubation at RT for 5 min. Subsequently, 4 ml of sodium
carbonate (Na2CO3) 7.5% was added to it and further incubated in
the dark at 370C for 30 min. Absorbance was measured at 765 nm
using a UV-Vis spectrophotometer (Shimadzu UV-1800). Gallic acid
was used as the standard and results were expressed as mg gallic acid
equivalents (GAE) per 100 g of dry root extract.

2.4.2 Total flavonoid content (TFC)

TFC of F. indica root extract was measured by the aluminium chloride
colorimetric method using quercetin as the standard following
Tristantini and Amalia (2019). Briefly, 1 ml of extract was mixed
with 4 ml of distilled water and 0.3 ml of sodium nitrite (NaNO3) 5%
and incubated for 5 min at RT. Then, 0.3 ml of aluminium chloride
(Al2Cl3)(10%) was added and incubated for 6 min, followed by 2 ml
of sodium hydroxide (NaOH) (1 M). The final volume was adjusted
to 10 ml with distilled water, vortexed and absorbance was measured
at 510 nm. TFC was calculated using a quercetin calibration curve
and expressed as mg quercetin equivalent (QE) per gram of extract.

2.4.3 Ascorbic acid (titrimetric method)

The ascorbic acid content was quantified by titration using 2,6-
dichlorophenolindophenol (DCPIP) dye. A known volume of extract
was mixed with 5 ml of 3% metaphosphoric acid (HPO3) and titrated
against standard DCPIP until a light pink endpoint persisted for 30
sec. A parallel titration with standard ascorbic acid solution was
used for calibration. The amount of ascorbic acid was calculated and
expressed in mg/100 g of dry root powder (Vahid et al., 2012).

2.4.4 Anthocyanins (colorimetric method)

Anthocyanin content was determined using the pH differential
method (Lee et al., 2005). The extract was diluted in two separate
buffers: potassium chloride buffer (pH 1.0) and sodium acetate
(CH3COONa) buffer (pH 4.5). The absorbance of both solutions
was measured at 520 and 700 nm. Anthocyanin concentration was
calculated using the formula 1.

A = (A520 – A700) pH 1.0 – (A520 – A700) pH 4.5 ………… (1)

The results were expressed as mg cyanidin-3-glucoside equivalents
per 100 g.

2.5 Antioxidant activity

2.5.1 DPPH radical scavenging assay

The free radical scavenging activity of F. indica root extracts was
evaluated using the DPPH (2,2-diphenyl-1-picrylhydrazyl) assay
following a modified protocol of Eramma and Gayathri, (2021).
Briefly, 0.25/ g of dried extract was homogenized in 5/ ml of 0.1%
(w/v) trichloroacetic acid (CCl3COOH) and centrifuged at 10,000/
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rpm for 5/ min. For the assay, 100/ µl of the sample was mixed with
90/ µl of extraction solvent (80% ethanol, methanol or water) and 1/
ml of 0.1/ mm DPPH in methanol. The mixture was incubated in the
dark at room temperature for 20/ min. Control comprised 100/ µl
ethanol with 1/ ml DPPH. Absorbance was recorded at 517/ nm and
radical scavenging activity was calculated using the standard
formula 2.

 % Inhibition = [(A0 – A1)/A0] × 100 ………… (2)

where, A0  is the control absorbance and A   is the sample absorbance.

2.5.2  FRAP assay

The antioxidant activity of F. indica root extract was evaluated using
the FRAP assay following Rajurkar and Hande (2011) with minor
modifications. The FRAP reagent was freshly prepared by mixing
300 m mofacetate buffer (pH 3.6), 10 mm TPTZ 2,4,6-Tris(2-
pyridyl)-s-triazine) in 40 mm HCl (Hydrochloric acid) and 20 mm
FeCl3·6H2O (Ferric chloride hexa hydrate) in a ratio of 10:1:1 and
then incubated at 370C for 10 min in the dark. Methanolic root
extracts (10-600/ µg/ml) were mixed with 3 ml of FRAP reagent
vortexed and incubated at 370C in dark for 30 min. The formation of
the Fe2+-TPTZ complex was measured at 593 nm. Ascorbic acid
(10-100/ µg/ml) served as the standard and methanol as the blank.
Results were expressed as ascorbic acid equivalents (AAE) using a
standard calibration curve.

2.6 Thin layer chromatography (TLC)

TLC was used to identify flavonoids in ethanolic, methanolic and
aqueous root extracts of F. indica following the method of Eramma
and Patil (2023). About 20 to 50/ l of each concentrated extract was
applied onto pre-coated silica gel TLC plates. Plates were developed
in a solvent of n-butanol, acetic acid and water (4:1:5) and
subsequently exposed to ammonia fumes overnight for enhanced
visualization. Flavonoid compounds were indicated by dark orange
bands and the retention factor (Rf) for each band was calculated
using the standard formula 3.

Rf = 
Distance travelled by the solute

Distance travelled by the solvent
... (3)

2.7 GC-MS analysis

GC-MS analysis of the ethanolic root extract of F. indica was

performed following a slightly modified protocol of Eramma and
Gayathri (2013). About 1/ ml of concentrated extract was re-dissolved
in HPLC grade methanol centrifuged at 10,000/ rpm for 5/ min at 40C
and filtered through a 0.22/ m PTFE syringe filter. The filtered
solution was transferred to GC-MS vials and analyzed using an
Agilent 7890A gas chromatograph coupled to a 5975C mass selective
detector with a DB-5MS capillary column (30/ m × 0.25/ mm; ID ×
0.25/ µm). The oven temperature was set at 600C for 2/ min, ramped
at 100C/min to 300C and held for 10/ min. Helium was used as the
carrier gas at 1.0/ ml/min. The injection volume was 1/ µl in split
mode (10:1). The mass spectrometer operated in electron impact
mode at 70/ eV scanning m/z 40-600 with ion source and interface
temperatures of 2000C and 2500C, respectively. Phytochemicals
were identified by comparison with the NIST Mass Spectral Library
classified by structural group and interpreted for potential bioactivities
such as antioxidant, antimicrobial and cardioprotective effects.

2.8  Statistical analysis

All experiments were performed in triplicates and data were expressed
as mean ± standard deviation (SD) using descriptive statistics.

3. Results

3.1 Qualitative phytochemical screening

Preliminary phytochemical screening of F. indica root extracts in
ethanolic, methanolic and aqueous solvents revealed solvent
dependent composition. Polyphenols (deep green with FeCl3) and
anthocyanins (pink in chloroform ammonia test) were present in all
extracts, while flavonoids (orange yellow with AlCl3/H2SO4) and
quinones (red bluish precipitates with H2SO4) were detected only in
ethanolic and methanolic extracts (Table 1). The ethanolic extract
showed the richest profile, reflecting ethanol’s intermediate polarity
and superior extraction efficiency (Ferreira and Sarraguca, 2024).

3.2 Quantitative estimation of phytochemical

3.2.1 Total phenolic content

The Table 2 and Figure 2 shows the TPC of F. indica root extracts
measured by the folin-ciocalteu method (mg GAE/100 g) varied with
solvent. The ethanolic extract had the highest phenolic concentration
(316 mg GAE/100 g) followed by methanolic (236 mg GAE/100 g)
and aqueous extracts (92 mg GAE/100 g).

Table 1: Qualitative phytochemical screening of F. indica root extracts

S.No. Phytochemicals Ethanolic extract Methanolic extract Aqueous extract

1 Polyphenols + + +

2 Flavonoids + + –

3 Quinones + + –

4 Anthocyanins + + +

Table 2: Total phenolic content of F. indica root extracts

S. No. Extract type OD (mean ± SD) TPC (mg GAE/100 g ± SD)

1 Ethanol (80%) 2.201 ± 0.082 316 ± 10.58

2 Methanol 1.664 ± 0.167 236 ± 11.14

3 Aqueous 0.664 ± 0.041 92 ± 4.16
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Figure 2: Standard curve for estimation of total phenolic content (TPC) using gallic acid equivalents (GAE).

Figure 3: Standard curve for estimation of total flavonoid content (TFC) using quercetin equivalents (QE).

3.2.2 Total flavonoid content

Table 3 and Figure 3 explained the TFC of F. indica root extracts
measured using the aluminium chloride method (mg QE/100 g) varied

with solvent. The 80% ethanolic extract had the highest TFC (128
mg QE/100 g; OD 0.328), followed by methanolic (74 mg QE/100 g;
OD 0.719) and aqueous extracts (58 mg QE/100 g; OD 0.404).

Table 3: Total flavonoid content of F. indica root extracts

S.No. Extract type OD (mean ± SD) TFC (mg QE/100 g ± SD)

1. Ethanol (80%) 0.328 ± 0.028 128 ± 10.58

2. Methanol 0.719 ± 0.007 74 ± 11.14

3. Aqueous 0.404 ± 0.013 58 ± 4.16

3.2.3  Ascorbic acid

The ascorbic acid content of F. indica root extracts measured by
titration (mg/100 g) given in Table 4 was indicated by a pale pink

endpoint. The ethanolic extract showed the highest concentration
(23.16 mg/100 g), followed by the aqueous (14.74 mg/100 g) and
methanolic extracts (6.31 mg/100 g).
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Table 4: Ascorbic acid content of F. indica root extracts

S.No. Extract type Ascorbic acid content
(mg/100 g ± SD)

1 Methanol 6.31 ± 0.5

2 Ethanol 23.16 ± 1.2

3 Aqueous 14.74 ± 0.8

3.2.4  Anthocyanin

The anthocyanin content of F. indica root extracts measured by the
pH differential method (mg cyanidin-3-glucoside equivalents/100 g)

varied with solvent. The ethanolic extract showed the highest
concentration (18.26 mg/100 g), followed by methanolic (14.73 mg/
100 g) and aqueous extracts (11.21 mg/100 g).

3.3 Antioxidant activity

3.3.1 DPPH radical scavenging assay

The  DPPH assay showed solvent dependent variations in antioxidant
activity of F. indica root extracts. The aqueous extract exhibited the
highest radical scavenging activity (9.10% ± 0.46), followed by
ethanolic (4.39% ± 0.22), methanolic (2.92% ± 0.15), and direct
samples (0.48% ± 0.02) (Table 5).

Table 5: DPPH radical scavenging activity of F. indica root extracts

S.No. Sample type OD (Mean ± SD) % DPPH inhibition (Mean ± SD)

1 Direct sample 0.618 ± 0.028 0.48 ± 0.02

2 Ethanolic extract 0.588 ± 0.010 4.39 ± 0.22

3 Methanolic extract 0.633 ± 0.067 2.92 ± 0.15

4 Aqueous extract 0.559 ± 0.080 9.10 ± 0.46

3.3.2 FRAP assay

The FRAP assay showed solvent dependent variations in the reducing
potential of F. indica root extracts with the ethanolic extract exhibiting
the highest activity (472.14 Mol Fe²z /g), followed by methanolic
(398.76 ìMol Fe²z /g) and aqueous extracts (301.25 Mol Fe²z /g).

3.3.3 TLC analysis

TLC of the ethanolic F. indica root extract revealed (Figure 4) a
prominent spot (Rf = 0.97) corresponding to the standard quercetin
indicating its presence as a major flavonoid component.

3.4 GC-MS analysis

The GC-MS analysis of the ethanolic root extract of F. indica  revealed
a mixture of 15 phytochemical constituents eluting between 2.26
and 18.17 min (Figure 5 and Table 6). Early retention peaks

corresponded to simple esters, whereas the mid-region of the
chromatogram was dominated by organosiloxanes, which contributed
the largest proportion of the total peak area. Among these,
octasiloxane, hexadecamethyl- (~9%), heptasiloxane, tetradeca-
methyl- (~8%) and cyclononasiloxane, octadecamethyl- (~7%)
represented the major components. At higher retention times, several
biologically relevant metabolites were detected including indole-2-
carboxylic acid derivatives (~6%), gibb-3-ene dicarboxylic acid lactone
methyl ester (~4.5%), benzylamine derivatives, adamantane-based
compounds, imidazole-related structures and the isoquinoline alkaloid
glaucine (~3%). Overall, the extract exhibited a chemically rich profile
consisting of esters, siloxanes, alkaloids, diterpenoids and diverse
heterocyclic compounds. The complete list of identified metabolites
along with their retention times, molecular formulas, peak areas and
pharmacological relevance is presented in Table 6.

Figure 4: TLC profile of F. indica root extracts in ethanol, methanol and water showing
prominent spot at Rf 0.97 corresponding to quercetin.
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Figure 5: GC-MS chromatogram of the ethanolic root extract of F. indica showing major phytoconstituents.

Table 6: GC-MS based phytochemical profiling of ethanolic root extract of F. indica

S.No. Compound name Retention  Area Molecular Compound Pharmacological References
time (min)  % formula category activities

1 Cyclopropanecarboxylic 2.26 ~1.5% C6H8O2 Fatty acid Antimicrobial Akhmetova et al., 2018
acid, 2-ethenyl-, ester
methyl ester

2 1-Cyclopentene-1-carbo- 2.26 ~1.3% C7H10O2 Monocarboxylic Anti-inflammatory Sadek et al., 2013
xylic  acid, methyl ester acid ester

3 Heptasiloxane, tetradeca- 16.38 ~8% C14H44O6Si7 Organosiloxane Cosmetic additive Johnson et al., 2011
methyl-

4 Octasiloxane, 16.52 ~9% C16H50O7Si8 Organosiloxane EmollientInert Bhavani et al., 2025
hexadecamethyl-

5 Silicic acid, diethyl bis 16.57 ~5% C10H28O4Si3 Silicon ester Intermediate Hydro- Thiemann, 2025
(trime-thylsilyl) ester phobic agent

6 1H-Indole-2-carboxylic 16.62 ~6% C19H23NO4 Indole alkaloid Antioxidant, Youssif et al., 2018
acid, substituted derivative Anticancer

7 trans-3-Ethoxy--methyl- 16.88 ~4% C11H13NO3 Nitroaromatic Antibacterial Milhazes et al., 2006
-nitrostyrene

8 N-Methyl-N-acetyl-3,4- 17.20 ~3.5% C11H13NO3 Benzylamine Neuromodulatory Colado et al., 2001
methy-lenedioxy derivative
benzylamine

9 Gibb-3-ene dicarboxylic 17.58 ~4.5% C21H28O5 Diterpenoid Plant hormone, Petracek et al., 2003;
acid lactone methyl ester antimicrobial Karthikeyan et al., 2016

10 N-Methyl-1-adamantaneace- 17.71 ~3% C13H21NO Adamantane Antiviral,CNS Popiolek et al., 2024;
tamide derivative active Balakrishnan et al., 2025

11 Glaucine 17.80 ~3% C21H25NO4 Isoquinoline Antitussive, Kusman Saygi et al.,
alkaloid Antihypersensitive, 2023.

Antispasmodic

12 Cyclononasiloxane, octade- 17.71 ~7% C18H54O9Si9 Siloxane Antifungal  Mustafa et al., 2013
camethyl- polymer

13 Phenol, 2-[4-(2-hydroxyethy- 17.88 ~2.5% C16H17N3O2 Quinazoline Anti-inflammatory Zayed, 2022
lamino)-2-quinazolinyl]- derivative

14 2-(4-Chlorophenyl)-5,7-dime- 18.17 ~3% C16H12ClN3 Imidazopyridine Antitumor Aliwaini et al., 2019
thylimidazo[1,2-a]pyridine

15 [1,2,4]Triazolo[1,5-a]pyrim- 17.71 ~2.5% C10H9N5O2 Triazole Antimicrobial, Abd El-Aleam et al.,
idine-6-carboxylic acid ester derivative Antifungal 2020

4. Discussion

The pharmacological significance of the widespread occurrence of
polyphenols and anthocyanins is represented by their antioxidant
and anti-inflammatory activities (Garg et al., 2022), while

anthocyanins have been known to modulate oxidative stress and
cellular defense (Teng et al., 2022) and thus, support traditional uses
in diarrhea, wounds and inflammation. The selective occurrence of
flavonoids and quinones only in alcoholic extracts underlines the
higher efficacy of these solvents in recovering bioactives. Flavonoids
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possess activities such as antimicrobial, hepatoprotective and
cytoprotective effects (Sangeetha et al., 2016), while the presence of
quinones contributes through redox cycling and the generation of
ROS (Franza and Gaudu, 2022). The predominance of these
phytoconstituents in ethanolic extracts agrees well with traditional
preparations involving alcohol and also parallels other Salicaceae
species, establishing its ethnomedicinal relevance (Prashith Kekuda
et al., 2017).

Ethanol is an intermediate polarity solvent that can therefore facilitate
the solubilization of both hydrophilic and moderately lipophilic
phenolics, which in turn enhances the antioxidant potential (Devi et
al., 2023). Phenolics may exhibit their antioxidant action as hydrogen
or electron donors that neutralize free radicals, along with the chelation
of pro-oxidant metals (Castaneda-Arriaga et al., 2018). Their
abundance in F. indica roots has supported their traditional use against
conditions related to oxidative stress, such as wounds, fever and
inflammation and is in agreement with phenolic-rich extracts
reportedly mitigating the risk of chronic diseases (Fratta Pasini and
Cominacini, 2023). The lower content of phenolics in the aqueous
extract can be attributed to the limited solubility of these components
in highly polar solvents and this emphasizes the importance of
choosing appropriate solvents for the maximal recovery of bioactives
with therapeutic applications (Dirar et al., 2019).

Ethanol’s polarity enabled the extraction of a wider range of flavonoid
subclasses, including flavonols and flavones, which agrees with earlier
reports (Tzanova et al., 2020; Jurinjak Tusek et al., 2022). The TFC
was found to be lower in an aqueous extract because of the limited
solubility of flavonoid aglycones (Hu et al., 2025). Flavonoids exhibit
antioxidant, anti-inflammatory and antimicrobial properties by
scavenging ROS, modulating enzymes and inhibiting lipid
peroxidation (Alharbi et al., 2025). Therefore, higher flavonoid
contents in the ethanolic extract justified the traditional usage of F.
indica roots and emphasized the choice of solvent for the maximum
phytochemical recovery and bioactivity, as seen in other medicinal
plants (Nzor et al., 2024).

The efficiency of ethanol likely reflects its moderate polarity, which
can effectively solubilize both hydrophilic and moderately lipophilic
compounds without degradation (Seal et al., 2016). The poor yield
from methanol and water may arise from limited solubility or oxidative
loss. Ascorbic acid a potent antioxidant that acts supportively toward
collagen synthesis and immune defense within the therapeutic action
of F. indica roots acts in synergy with polyphenols and flavonoids,
fostering increased overall antioxidant capacity (Agwu et al., 2023;
Chen et al., 2022; Enko et al., 2015). These results emphasize the
importance of choosing the right solvent to attain maximum recovery
of bioactive vitamins and vindicate the folk use of ethanol based
preparations.

Ethanol’s high efficiency was attributed to its ability to penetrate
cell walls, solubilizing flavonoid pigments in agreement with previous
findings of Saleba et al. (2022) and Fu et al. (2021). These
anthocyanins exert antioxidant, anti-inflammatory and antimicrobial
activities, which improve the therapeutic value of roots of F. indica
and modulate oxidative stress pathways, as evident from the studies
of Molagoda et al. (2020) and Alam et al. (2021). This variation
points toward the dependency on the solvent and the optimization
required for extraction.

The superior activity of the aqueous extract is probably due to the
high content of polar phenolics that are capable of donating hydrogen
atoms to neutralize free radicals. This finding is in agreement with
reports by Das et al. (2025) and Al Jumayi et al. (2022). Flavonoids
and phenolic acids, substances believed to stabilize free radicals
through hydrogen or electron transfer, contribute to the effect
observed for these extracts (Musewu et al., 2019). Lower activity in
methanolic and ethanolic extracts reflects poor solubility of
hydrophilic antioxidants in organic solvents (Timon et al., 2024).
These findings confirm the antioxidant potential of F. indica roots
and support the traditional medicinal use there of (Al Bashera et al.,
2024).

The FRAP values agreed with TPC, emphasizing phenolics as major
electron donors for the reduction of Fe³z  to Fe²z  (Gulcin and
Alwasel, 2025). The higher values observed for the ethanolic extract
follow from ethanol’s efficacy in extracting phenolic antioxidants,
adding to its potency against oxidative stress-related diseases (Mehta
et al., 2023). Variations among the DPPH and FRAP data point out
both the influence of the polarity of solvents and assay mechanisms,
thus justifying the use of more than one assay to better understand
the antioxidant activity (Al-Tarifi et al., 2020; Rana et al., 2024).

Quercetin is known to possess antioxidant, anti-inflammatory and
anticancer activities (Lofti et al., 2023; Kerna et al., 2024), and justifies
the traditional use of F. indica against oxidative stress disorders such
as cardiovascular diseases and diabetes (Mustafa et al., 2025).
Detection of quercetin underlines the higher efficiency of ethanol for
flavonoid extraction compared with methanol or water. The high Rf
value was in agreement with earlier TLC studies that proved the
reliability of the method for the identification of bioactive flavonoids
(Kumar et al., 2010) and pinpointed the ethanolic extract as a rich
source of therapeutically relevant compounds.

Organosiloxanes including derivatives of heptasiloxane and
octasiloxane were the most abundant and apart from their cosmetic
applications may also exhibit antioxidant and anti-inflammatory
activities (Ivanova et al., 2023; Owolabi et al., 2018). Nitrogenous
compounds detected include indole derivatives, benzylamines and
triazoles, known for antioxidant, anticancer and antimicrobial
properties (Dixit et al., 2021). Glaucine is an isoquinoline alkaloid
that suggests antitussive and antispasmodic potential (Meyer et al.,
2015; Bozkurt et al., 2022). Gibberellic acid (Gibb-3-ene dicarboxylic
acid lactone methyl ester) points toward plant growth and
development and also shows antimicrobial action (Alabdeen Khdar
et al., 2025). Fatty acid esters like cyclopropane carboxylic acid
methyl ester are known for their antimicrobial and anti-inflammatory
activities (Ronn et al., 2016; Okore et al., 2021). These observations
are consistent with earlier reports on F. indica bark extracts (Perera
et al., 2018) and therefore suggest that the ethanolic root extract is a
rich source of bioactive compounds with antimicrobial, antioxidant,
anti-inflammatory and neuroactive properties, which justify its
traditional use in medicine (Puri et al., 2018).

5. Conclusion

The study evidences the ethnopharmacological relevance of F. indica
roots by investigating their chemical richness and therapeutic
potential. Ethanol proved most effective in extracting diverse bioactive
compounds including phenolics, flavonoids and anthocyanins known
for antioxidant and cellular protective roles. Chromatographic and
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GC-MS analyses confirmed compounds with antioxidant,
antimicrobial and cardioprotective activities supporting traditional
uses against inflammation, infections and metabolic disorders. These
findings position the ethanolic root extract as a promising candidate
for pharmacological studies with future research needed to isolate
active compounds elucidate mechanisms and validate efficacy in
vivo for potential therapeutic development.

Acknowledgements

The authors acknowledged the support for GC-MS, TLC and
Qualitative and Quantitative biochemical analysis of plant extracts
were carried out by V.V.Vanniaperumal College for Women,
Virudhunagar and ANJAC College, Sivakasi, Tamil Nadu, India.

Conflict of interest

The authors declare no conflicts of interest relevant to this article.

References
Abd El-Aleam, R.H.; George, R.F.; Hassan, G.S. and Abdel-Rahman, H.M. (2020).

Synthesis of 1,2,4-triazolo[1,5-a]pyrimidine derivatives: antimicro-
bial activity, DNA gyrase inhibition and docking. Bioorg. Chem.,
94:103411.

Agwu, E.; Ezihe, C. and Kaigama, G. (2023).Antioxidant roles/functions of
ascorbic acid (vitamin C). In: Ascorbic Acid-Biochemistry and
Functions, pp:1-14. IntechOpen.

Akhmetova, G.S.; Issayeva, U.B.; Sadyrbayeva, F.M.; Praliyev, K.D.; Korotetskaya,
N.V. (2018). Esters of cyclopropanecarboxylic acid displaying anti-
infective activity. Chem.J. Kazakhstan., 3(63):246-254.

Al Bashera, M.; Parvin, M.S.; Islam, M.B.; Rana, G.M.; Rony, S.R. and Islam, M.E.
(2024). Exploring the antioxidant and antiproliferative properties
of Flacourtia indica extracts on lung cancer cells: A comprehensive
analysis utilizing GC-MS, molecular docking and PASS analysis.
Appl. Food Res., 5(2):1-22.

Al Jumayi, H.A.; Allam, A.Y.; El-Beltagy, A.E.D.; Algarni, E.H.; Mahmoud, S.F. and
El Halim Kandil, A. A. (2022). Bioactive compound, antioxidant and
radical scavenging activity of some plant aqueous extracts for
enhancing shelf life of cold stored rabbit meat. Antioxidants,
11(6):1056.

Alabdeen, K.; Le, T.M. and Szakonyi, Z. (2025). Gibberellic acid (GA3). A versatile
chiral building block for syntheses of pharmaceutical agents. Chem.
Biodivers., 22(1):e202401823.

Alam, M.A.; Islam, P.; Subhan, N.; Rahman, M.M.; Khan, F.; Burrows, G.E. and
Sarker, S. D. (2021). Potential health benefits of anthocyanins in
oxidative stress related disorders. Phytochem. Rev., 20(4):705-
749.

Alharbi, H.O.A.; Alshebremi, M.; Babiker, A.Y. and Rahmani, A. H. (2025).The
role of quercetin, a flavonoid in the management of pathogenesis
through regulation of oxidative stress, inflammation and biological
activities. Biomolecules, 15(1):151.

Aliwaini, S.; Awadallahm A.M.; Morjan, R.Y; Ghunaim, M.; Alqaddi, H.;,
Abuhamad, A.Y.; Awadallah, E.A. and Abughefra, Y.M. (2019). Imidazo[1,2-
a]pyridine inhibits AKT/mTOR and induces apoptosis in melanoma
and cervical cancer cells. Oncol. Lett., 18(1):830-837.

Al-Tarifi, B.Y.; Mahmood, A.; Assaw, S. and Sheikh, H.I. (2020). Comparison of
different organic solvents on antioxidant activity of astaxanthin
extracted from Hematococcus pluvialis using colorimetric and non-
colorimetric methods. Orient. J. Chem., 36(3).

Balakrishnan, D. and Kishore D. (2025). Evaluation of GC-MS and anti-
inflammatory activity of the Ayurveda oil Balahatadi Tailam. J.
Neonatal. Surg., 14(6).

Bhavani, G.; Ankanna, S.; Savithramma, N. (2025). Identification of novel
bio-active compounds from Kyllinga nemoralis (Cyperaceae).
Indian. J. Ecol., 52(3):505-510.

Bozkurt, B.; Ulkar, D.; Nurlu, N.; Kaya, G.I. and Unver-Somer, N. (2022).Chemical
profile, acetylcholinesterase, butyrylcholinesterase and prolyl
oligopeptidase inhibitory activity of Glaucium corniculatum subsp.
refractum. Braz. J. Pharm. Sci., 58:e20464.

Castaneda-Arriaga, R.; Pérez-González, A.; Reina, M.; Alvarez-Idaboy, J.R., and
Galano, A. (2018). Comprehensive investigation of the antioxidant
and pro-oxidant effects of phenolic compounds: A double-edged
sword in the context of oxidative stress? J. Phys. Chem. B.,
122(23):6198-6214.

Chen, X.; Li, H.; Zhang, B. and Deng, Z. (2022).The synergistic and antagonistic
antioxidant interactions of dietary phytochemical combinations.
Crit. Rev. Food Sci. Nutr., 62(20):5658-5677.

Colado, M.I.; Camarero, J.; Mechan, A.O.; Sanchez, V.; Esteban, B.; Elliott, J.M.;
Green, A.R. (2001). Mechanisms involved in the neurotoxic action of
MDMA (‘ecstasy’) on dopamine neurones in mouse brain. Br.J.
Pharmacol., 134(8):1711-1723.

Das, N.; Tandukar, P.; Niraula, M.; Gautam, D. R. and Pathak, I.
(2024).Phytochemical analysis and biological activities of different
extracts of walnut (Juglans regia Linn.) kernels. J. Nepal Chem.
Soc., 44(2):78-89.

Devi, R.; Abdulhaq, A.; Verma, R.; Sharma, K.; Kumar, D.; Kumar, A. and Mohan,
S. (2023).Improvement in the phytochemical content and biological
properties of Stevia rebaudiana  (Bertoni) Bertoni plant using
endophytic fungi Fusarium fujikuroi. Plants, 12(5):1151.

Dharmappa, K.K. (2022).Medicinal and nutritional aspects of wild edible
fruits from Western Ghat of India. Int. J. Green Pharm., 16(4):334-
354.

Dirar, A.I.; Alsaadi, D.H.M.; Wada, M.; Mohamed, M.A.; Watanabe, T. and Devkota,
H.P. (2019).Effects of extraction solvents on total phenolic and
flavonoid contents and biological activities of extracts from
Sudanese medicinal plants. S. Afr. J. Bot., 120:261-267.

Dixit, D.; Verma, P.K. and Marwaha, R.K. (2021). A review on ‘triazoles’: their
chemistry, synthesis and pharmacological potentials. J. Iran. Chem.
Soc., 18(10):2535-2565.

Dumanovic, J.; Nepovimova, E.; Natic, M.; Kuca, K. and Jacevic, V. (2021). The
significance of reactive oxygen species and antioxidant defense
system in plants: A concise overview. Front. Plant Sci., 11: 552969.

Enko, J. and Gliszczynska-Swig³o, A. (2015). Influence of the interactions
between tea (Camellia sinensis) extracts and ascorbic acid on their
antioxidant activity: Analysis with interaction indexes and
isobolograms. Food Addit. Contam. Part A, 32(8):1234-1242.

Eramma, N. and Gayathri, D. (2013). Antibacterial potential and
phytochemical analysis of Flacourtia indica (Burm. f.) Merr. root
extract against human pathogens. Indo Am. J. Pharm. Res.,
3(5):3832-3846.

Eramma, N. and Gayathri, D. (2021). In vitro antioxidant and antifungal
activity of methanol root extract of Flacourtia indica (Burm. f.)
Merr. against selected fungal species. Biomedicine., 41(3):616-622.

Eramma, N. and Patil, S.J. (2023).Exploration of the biomolecules in roots
of Flacourtia indica  (Burm. f.) Merr. methanol extract by
chromatography approach. Lett. Appl. Nano. Biosci., 12(4):166-
177.



620

Eramma, N.K. (2016).A comprehensive review on pharmacology of
Flacourtia indica (Burm. f.) Merr. (governor’s plum). Int. J. Pharm.
Chem. Sci., 5(3):176-184.

Ferreira, C. and Sarraguça, M. (2024). A comprehensive review on deep
eutectic solvents and its use to extract bioactive compounds of
pharmaceutical interest. Pharmaceuticals, 17(1):124.

Franza, T. and Gaudu, P. (2022). Quinones: More than electron shuttles. Res.
Microbiol., 173(6-7):103953.

FrattaPasini, A.M. and Cominacini, L. (2023). Potential benefits of antioxidant
phytochemicals on endogenous antioxidant defences in chronic
diseases. Antioxidants, 12(4):890.

Fu, X.; Wang, D.; Belwal, T.; Xie, J.; Xu, Y.; Li, L. and Luo, Z. (2021). Natural deep
eutectic solvent enhanced pulse-ultrasonication assisted extraction
as a multi-stability protective and efficient green strategy to extract
anthocyanin from blueberry pomace. LWT., 144:111220.

Garg, M.; Kaur, S.; Sharma, A.; Kumari, A.; Tiwari, V.; Sharma, S. and Krishania,
M. (2022). Rising demand for healthy foods-anthocyanin biofortified
colored wheat is a new research trend. Front. Nutr., 9:878221.

Gulcin, I. and Alwasel, S.H. (2025).Fe³z  reducing power as the most common
assay for understanding the biological functions of antioxidants.
Processes., 13(5):1296.

Hu, L.; Luo, Y.; Yang, J. and Cheng, C. (2025). Botanical flavonoids: Efficacy,
absorption, metabolism and advanced pharmaceutical technology
for improving bioavailability. Molecules, 30(5):1184.

Ivanova, E.V.; Minyaylo, E.O.; Temnikov, M.N.; Mukhtorov, L.G. and Atroshchenko,
Y. M. (2023).Silicones in cosmetics. Polym. Sci. Ser. B., 65(5):578-
594.

Johnson, W. J.; Bergfeld, W.F.,; Belsito, D.V.; Hill, R.A.; Klaassen, C.D.; Liebler,
D.C.; Marks, J.G. Jr.; Shank, R.C.; Slaga, T.J.; Snyder, P.W. and Andersen, F.A.
(2011). Safety assessment of cyclomethicone, cyclotetrasiloxane,
cyclopentasiloxane, cyclohexasiloxane, and cycloheptasiloxane.
Int. J. Toxicol., 30(6):149S-227S.

Jurinjak Tusek, A.; Samec, D. and Salic, A. (2022). Modern techniques for
flavonoid extraction: To optimize or not to optimize? Appl. Sci.,
12(22):11865.

Karthikeyan, K.; Abitha, S. and Kumar, V.S. (2016). Identification of bioactive
constituents in peel and pulp of Annona muricata  and their
antimicrobial activity. Int. J. Pharm. Phytochem. Res., 8:1833-
1838.

Kerna, N.A.; Ngwu, D.C.; Akuma, O.M.; Holets, H.M.; Chawla, S.; Flores, J.V.; Pruitt,
K.D.; Carsrud, N.V.; McKee, D.; Okpo, N.C. and Jomsky, B.M. (2024).
Quercetin: exploring its unique flavonol properties, bioavailability,
safety profile and therapeutic potential in high-impact medical
conditions. Eur. J. Med. Health Res., 2(3):178-198.

Kumar, A.; Lakshman, K.; Jayaveera, K.; Tripathi, S. M. and Satish, K.
(2010).Estimation of gallic acid, rutin and quercetin in Terminalia
chebula by HPTLC. Jordan J. Pharm. Sci., 3(1).

Kupina, S.; Fields, C.; Roman, M.C. and Brunelle, S.L. (2019). Determination of
total phenolic content using the Folin-C assay: Single-laboratory
validation, first action 2017.13. J. AOAC Int., 102(1):320-321.

Kusman Saygi, T.; Tan, N.; Alim Toraman, G.Ö.; Gurer, C.U.; Tugay, O. and Topcu,
G. (2023). Isoquinoline alkaloids from Glaucium corniculatum and
G. grandiflorum with bioactivity studies. Pharm. Biol., 61(1):907-
917.

Lee, J.; Durst, R.W.; Wrolstad, R.E.; Eisele, T.; Giusti, M.M.; Hach, J.; Hofsommer,
H.; Koswig, S.; Krueger, D.A.; Kupina, S.; Martin, S.K.; Martinsen, B.K.; Miller,
T.C.; Paquette, F.; Ryabkova, A.; Skrede, G.; Trenn, U. and Wightman, J.D.
(2005). Determination of total monomeric anthocyanin pigment
content of fruit juices, beverages, natural colorants and wines by
the pH differential method: collaborative study. J. AOAC Int.,
88(5):1269-1278.

Lotfi, N.; Yousefi, Z.; Golabi, M.; Khalilian, P.; Ghezelbash, B.; Montazeri, M. and
Eskandari, N. (2023). The potential anti-cancer effects of quercetin
on blood, prostate, and lung cancers: An update. Front. Immunol.,
14:1077531.

Mehta, A. (2023). DPPH and FRAP assays for different extracts of in
vitro and in vivo grown plantlets of Bacopa monnieri L. Vegetos.,
36(4):1570-1575.

Meyer, G.M.J. and Maurer, H.H. (2015).In vivo and in vitro metabolism studies
of glaucine, a new herbal high by GC-MS, LC-MS, LC-HR-MS and
NMR techniques. Toxichem Krimtech., 82:323.

Milhazes, N.; Calheiros, R.; Marques, M.P.; Garrido, J.; Cordeiro, M.N.; Rodrigues,
C.; Quinteira, S.; Novais, C.; Peixe L. and Borges, F. (2006). -Nitrostyrene
derivatives as potential antibacterial agents: Structure-property-
activity relationships. Bioorg. Med. Chem., 14(12):4078-4088.

Molagoda, I.M.; Lee, K.T.; Choi, Y.H. and Kim, G.Y. (2020). Anthocyanins from
Hibiscus syriacus L. inhibit oxidative stress-mediated apoptosis by
activating the Nrf2/HO-1 signaling pathway. Antioxidants, 9(1):42.

Moustafa, M.F.; Alamri, S.A.; Taha, T.H. and Alrumman, S.A. (2013). In vitro
antifungal activity of Argemone ochroleuca  latex against
pathogenic fungi. Afr.J. Biotechnol., 12(10):1132-1137

Musewu, C.J. and Mapanga, R.F. (2019). In vitro evaluation of fruit extracts
of Annona stenophylla Diels and Flacourtia indica for incorporation
into formulations for management of cancer. J. Med. Plants Res.,
13(11):242-251.

Mustafa, N.H.; Siti, H.N. and Kamisah, Y. (2025). Role of quercetin in diabetic
cardiomyopathy. Plants, 14(1):25.

Mutha, R.E.; Kalaskar, M. and Khan, Z.G. (2025). Modern analytical techniques
for quality control and chemical identification of phytochemicals.
In: Pharmacognosy and Phytochemistry: Principles, Techniques
and Clinical Applications, pp:167-188.

Nzor, J.N.; Uwakwe, A.A. and Ogunka-Nnoka, C.U. (2024). Comparative analysis
of Anthocleista vogelii leaf extracts: solvent influence on
phytochemical composition, quantitative profile, and in vitro
antioxidant activities. Int. J. Innov. Biochem. Microbiol. Res.,
12:1-7.

Okore, G.J.; Oguzie, E.E.; Ogukwe, C.E. and Akalezi, C.O. (2021).GC-MS analysis
of phytochemicals from the extract of Hibiscus sabdariffa grown
in Northern Nigeria. J. Chem. Soc. Niger., 46(2).

Owolabi, O.O.; James, D.B.; Sani, I.; Andongma, B.T.; Fasanya, O.O. and Kure, B.
(2018). Phytochemical analysis, antioxidant and anti-inflammatory
potential of Feretia apodanthera  root bark extracts. BMC
Complement. Altern. Med., 18:1-9.

Perera, H.D.S.M.; Samarasekera, J.K.R.R.; Handunnetti, S.M.; Weerasena,
O.V.D.S.J.; Weeratunga, H.D.; Jabeen, A. and Choudhary, M.I. (2018).In vitro
pro-inflammatory enzyme inhibition and antioxidant potential of
selected Sri Lankan medicinal plants. BMC Complement. Altern.
Med., 18:1-15.

Petracek, P.D.; Silverman, F.P. and Greene, D.W. (2003). History of commercial
plant growth regulators in apple production. Hort. Science.,
38(5):937-942.

Popio³ek, £.; Janas, W.; Hordyjewska, A. and Biernasiuk A. (2024). Novel
adamantane derivatives: synthesis, cytotoxicity and antimicrobial
properties. Appl Sci., 14(9):3700.

PrashithKekuda, T.; Vinayaka, K. and Raghavendra, H. (2017). Ethnobotanical
uses phytochemistry and biological activities of Salix tetrasperma
Roxb. (Salicaceae): A review. J. Med. Plants., 5:201-206.

Puri, S.K.; Habbu, P.V.; Kulkarni, P.V.; Kulkarni, V.H.; Shah, P. and Bhalodia, D.
(2018). Nitrogen-containing secondary metabolites from endophytes
of medicinal plants and their biological/pharmacological activities:
a review. Syst. Rev. Pharm., 9(1):22.



621

Rajurkar, N.S. and Hande, S.M. (2011). Estimation of phytochemical content
and antioxidant activity of some selected traditional Indian
medicinal plants. Indian J. Pharm. Sci., 73(2):146.

Rana, M.S.; Rayhan, N.M.A.; Emon, M.S.H.; Islam, M.T.; Rathry, K.; Hasan, M.M.
and Asraf, M.A. (2024). Antioxidant activity of Schiff base ligands
using the DPPH scavenging assay: An updated review. RSC Adv.,
14(45):33094-33123.

Ronn, R.; Lindh, C.; Ringberg, E.; Andersson, H.; Nilsson, P. and Schaal, W. (2017).
Cyclopropane carboxylic acid derivatives and pharmaceutical uses
thereof. World Intellectual Property Organisation, International
Bureau, pp:1-117.

Sadek, B., Hamruoni, A.M. and Adem, A. (2013). Anti-inflammatory agents of
the carbamoylmethyl ester class: Synthesis, characterization, and
pharmacological evaluation. J. Inflamm. Res., 6:35-43.

Saleba, L.; Saribekova, D.; Kunyk, O. and Lazzara, G. (2022). Influence of
chemical structure of alcohols on extraction and stability of
anthocyanins. Ukr. Food J., 11(2):280-290.

Sangeetha, K.S.; Umamaheswari, S.; Reddy, C.U.M. and Kalkura, S. N. (2016).
Flavonoids: Therapeutic potential of natural pharmacological
agents. Int. J. Pharm. Sci. Res., 7(10):3924.

Seal, T. (2016).HPLC determination of phenolic acids, flavonoids and
ascorbic acid in four different solvent extracts of Zanthoxylum
acanthopodium, a wild edible plant of Meghalaya state of India.
Int. J. Pharm. Pharm. Sci., 8(3):103-109.

Shaikh, J.R. and Patil, M. (2020). Qualitative tests for preliminary
phytochemical screening: An overview. Int. J. Chem. Stud., 8(2):603-
608.

R. Jasmine Juliet, P. Annapoorani, P. Anandan, V. Mariappan, A. K. V. Sama, C. Mahalakshmi and R. Ramalakshmi
(2025). Phytochemical characterization and antioxidant potential of Flacourtia indica (Burm. f.) Merr. root extracts:
A GC-MS based validation of traditional medicinal use. Ann. Phytomed., 14(2):612-621. http://dx.doi.org/10.54085/
ap.2025.14.2.60.

Citation

Teng, H.; Mi, Y.; Cao, H. and Chen, L. (2022). Enzymatic acylation of raspberry
anthocyanin: Evaluations on its stability and oxidative stress
prevention. Food Chem., 372:130766.

Thiemann, T. (2025). A view on siloxanes and other silyl substituted
compounds isolated from plants, fungi, bacteria and other organisms.
Int. J. Org. Chem., 15:28-87.

Timon, M.L.; Andres, A.I. and Petron, M.J. (2024). Antioxidant activity of
aqueous extracts obtained from by-products of grape, olive, tomato,
lemon, red pepper and pomegranate. Foods, 13(12):1802.

Tristantini, D. and Amalia, R. (2019). Quercetin concentration and total
flavonoid content of anti-atherosclerotic herbs using aluminum
chloride colorimetric assay. AIP Conf. Proc., 2193(1):1-7.

Tzanova, M.; Atanasov, V.; Yaneva, Z.; Ivanova, D. and Dinev, T. (2020).Selectivity
of current extraction techniques for flavonoids from plant materials.
Processes, 8(10):1222.

Vahid, B. (2012). Titrimetric determination of ascorbic acid contents in
plant samples by 2,6-dichlorophenolindophenol method. J. Chem.
Soc. Pak., 34(6):1510-1512.

Verdcourt, B. (2017). Flacourtiaceae. In A Revised Handbook to the Flora
of Ceylon, 10: 199-235. Routledge.

Youssif, B.G.; Abdelrahman, M.H.; Abdelazeem, A.H.; Ibrahim, H.M.; Salem, O.I.;
Mohamed, M.F.; Treambleau, L. and Bukhari, S.N. (2018). Design, synthesis,
mechanistic and histopathological studies of novel indole-2-
carboxamides and pyrazino[1,2-a]indol-1(2H)-ones as anticancer
agents. Eur. J. Med. Chem., 146:260-273.

Zayed, M.F. (2022). Medicinal chemistry of quinazolines as analgesic and
anti-inflammatory agents. Chem.Engineering., 6(6):94.


