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ABSTRACT: 
Background: Medicinal plants are important sources of natural antioxidants due to their rich phytochemical 
composition, which contributes to the prevention and management of oxidative stress-related disorders. Justicia 
betonica (L.) and Vigna trilobata (L.) Verdc. are traditionally used medicinal plants; however, comprehensive 
phytochemical profiling and scientific evaluation of their antioxidant potential remain limited. 
Objective: The present study aimed to investigate the phytochemical profile, quantify major bioactive 
constituents, and evaluate the in vitro antioxidant potential of the ethanolic extract of Justicia betonica and the 
aqueous extract of Vigna trilobata. 
Methods: Plant materials were collected, authenticated, and extracted using Soxhlet extraction. Preliminary 
phytochemical screening was performed using standard qualitative tests. Total phenolic content (TPC), total 
flavonoid content (TFC), and total tannin content were determined using Folin–Ciocalteu, aluminium chloride 
colorimetric, and indigosulphonic acid titrimetric methods, respectively. Bioactive constituents were further 
characterized by thin-layer chromatography (TLC), Fourier transform infrared spectroscopy (FT-IR), high-
performance liquid chromatography (HPLC), and liquid chromatography–high resolution mass spectrometry 
(LC–HRMS). 
Results: Qualitative phytochemical analysis confirmed the presence of alkaloids, flavonoids, phenolics, tannins, 
glycosides, terpenoids, steroids, and saponins in both extracts. The ethanolic extract of Justicia betonica 
exhibited higher total phenolic (250–280 mg GAE/g extract), total flavonoid (35–60 mg QE/g extract), and total 
tannin (4.99%) contents than the aqueous extract of Vigna trilobata (190–200 mg GAE/g extract, 10–12 mg 
QE/g extract, and 1.66%, respectively). TLC, FT-IR, HPLC, and LC–HRMS analyses confirmed the presence of 
diverse phytochemical constituents and established characteristic chemical fingerprints for both plant extracts. 
Conclusion: The findings demonstrate that both Justicia betonica and Vigna trilobata are rich sources of 
bioactive phytochemicals with significant antioxidant potential. Among the two plants, Justicia betonica 
exhibited comparatively higher phytochemical content, suggesting its potential as a promising natural source of 
antioxidant compounds for future pharmacological investigations. 
Keywords: Justicia betonica; Vigna trilobata; phytochemical profiling; total phenolic content; total flavonoid 
content; tannins; antioxidant activity; TLC; HPLC; FT-IR; LC–HRMS. 
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INTRODUCTION: 
Medicinal plants have served as an indispensable 
source of therapeutic agents for centuries and 
continue to play a significant role in modern drug 

discovery. Owing to their rich diversity of 
bioactive secondary metabolites, plant-derived 
products have gained increasing attention as safer 
alternatives to synthetic drugs for the prevention 
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and management of various chronic disorders. 
Among these bioactive compounds, phenolics, 
flavonoids, tannins, alkaloids, terpenoids, and 
glycosides are widely recognized for their 
antioxidant, anti-inflammatory, antimicrobial, 
antidiabetic, cardioprotective, and anticancer 
activities. The biological efficacy of medicinal 
plants is largely attributed to the synergistic action 
of these phytochemicals, making phytochemical 
characterization an essential step in the scientific 
validation of traditional herbal medicines.1 

Oxidative stress, resulting from an imbalance 
between reactive oxygen species (ROS) generation 
and the antioxidant defense system, plays a crucial 
role in the pathogenesis of several chronic diseases, 
including cardiovascular diseases, diabetes 
mellitus, hyperlipidemia, neurodegenerative 
disorders, and cancer. Natural antioxidants derived 
from medicinal plants have attracted considerable 
interest because they effectively neutralize free 
radicals, inhibit lipid peroxidation, and protect 
cellular components from oxidative damage. 
Consequently, the identification of plants rich in 
antioxidant phytochemicals has become an 
important area of pharmaceutical and biomedical 
research.2 

Justicia betonica (L.), a medicinal plant belonging 
to the family Acanthaceae, has been traditionally 
employed for the treatment of various ailments. 
Previous investigations have demonstrated that the 
plant contains several biologically active 
constituents, including phenolic compounds, 
flavonoids, tannins, alkaloids, terpenoids, steroids, 
and glycosides, which are associated with 
antioxidant and therapeutic activities.3 Similarly, 
Vigna trilobata (L.) Verdc., a member of the family 
Fabaceae, is an underexplored medicinal legume 
rich in flavonoids, phenolics, sterols, terpenoids, 
and other secondary metabolites. Despite its 
traditional medicinal importance, comprehensive 
phytochemical characterization and scientific 
evaluation of its antioxidant potential remain 
limited.4 

Phytochemical profiling using chromatographic 
and spectroscopic techniques such as Thin Layer 
Chromatography (TLC), High-Performance Liquid 
Chromatography (HPLC), Fourier Transform 
Infrared Spectroscopy (FT-IR), and Liquid 
Chromatography–High Resolution Mass 
Spectrometry (LC–HRMS) provides valuable 
information regarding the chemical composition of 
plant extracts. Furthermore, the quantitative 
estimation of total phenolic, flavonoid, and tannin 
contents serves as an important indicator of 
antioxidant potential, as these compounds are 
among the primary contributors to free radical 
scavenging activity.5-7 

Considering the growing demand for natural 
antioxidant agents and the limited phytochemical 
information available for these medicinal plants, 

the present study aimed to perform a 
comprehensive phytochemical investigation of the 
ethanolic extract of Justicia betonica (L.) and the 
aqueous extract of Vigna trilobata (L.) Verdc. The 
study included preliminary phytochemical 
screening, quantitative estimation of total phenolic, 
flavonoid, and tannin contents, chromatographic 
fingerprinting by TLC and HPLC, characterization 
of bioactive constituents using FT-IR and LC–
HRMS, and evaluation of the in vitro antioxidant 
potential.8 The findings of this study are expected 
to provide a scientific basis for the traditional 
medicinal use of these plants and support their 
future development as potential natural antioxidant 
and therapeutic agents. 
MATERIALS AND METHODS: 
MATERIALS: 
Methodology: 
Collection and Authentication of Plant Material 
Fresh leaves of Justicia betonica (L.) and the whole 
plant of Vigna trilobata (L.) Verdc. were collected 
during the appropriate growing season from 
different localities of Chhatrapati Sambhajinagar, 
Maharashtra, India. The collected plant materials 
were carefully cleaned to remove adhering soil, 
dust, and other foreign matter. Botanical 
identification and authentication of both plant 
species were carried out by Dr. Arvind S. Dhabe, 
Senior Professor and Head, Department of Botany, 
Dr. Babasaheb Ambedkar Marathwada University, 
Chhatrapati Sambhajinagar, Maharashtra, India. 
The authenticated plant materials were used for 
subsequent phytochemical investigations. 
Preparation of Plant Extracts 
The collected leaves of Justicia betonica and the 
whole plant of Vigna trilobata were washed 
thoroughly under running tap water followed by 
rinsing with distilled water to eliminate surface 
contaminants. The plant materials were shade dried 
at ambient temperature (25–30°C) with adequate 
ventilation until a constant weight was obtained. 
The dried materials were pulverized separately 
using a mechanical grinder to obtain coarse powder 
and stored in airtight containers protected from 
light and moisture. 
Approximately 50 g of each powdered plant 
material was packed in a cellulose extraction 
thimble and extracted by Soxhlet apparatus using 
suitable organic solvents of increasing polarity. 
Each extraction was continued until the siphon tube 
became colourless, indicating complete extraction 
of phytoconstituents. The extracts were filtered and 
concentrated under reduced pressure using a rotary 
vacuum evaporator at temperatures below 45°C. 
The concentrated extracts were further dried to 
obtain semisolid residues, weighed to determine 
extraction yield, and stored in airtight amber-
coloured containers at 4°C until further 
phytochemical analysis. 
Preliminary Phytochemical Screening 
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The concentrated extracts of Justicia betonica and 
Vigna trilobata were subjected to qualitative 
phytochemical analysis to detect the presence of 
major classes of secondary metabolites using 
standard pharmacognostic procedures. The extracts 
were screened for alkaloids, carbohydrates, 
glycosides, flavonoids, phenolic compounds, 
tannins, saponins, steroids, terpenoids, 
triterpenoids, proteins, amino acids, fixed oils, fats, 
gums, and mucilage using appropriate chemical 
tests. The appearance of characteristic colour 
changes or precipitates was considered indicative 
of the presence of the respective phytochemical 
constituents.9-12 

Determination of Total Phenolic Content (TPC) 
The total phenolic content of the plant extracts was 
estimated using the Folin–Ciocalteu colorimetric 
method with gallic acid as the reference standard. 
A series of gallic acid standard solutions (50–250 
µg/mL) was prepared to construct the calibration 
curve. Appropriate aliquots of the standard or plant 
extract solution were mixed with diluted Folin–
Ciocalteu reagent and allowed to react for 5 min at 
room temperature. Subsequently, sodium carbonate 
solution (7.5%, w/v) was added to the reaction 
mixture, and the volume was adjusted with distilled 
water. The mixtures were incubated for 30 min at 
room temperature in the dark to allow complete 
colour development. The absorbance of each 
solution was measured at 765 nm using a UV–
Visible spectrophotometer against a reagent blank. 
The calibration curve was generated from gallic 
acid standards, and the total phenolic content of 
each extract was calculated from the regression 
equation. The results were expressed as milligrams 
of gallic acid equivalents (GAE) per gram of dry 
extract (mg GAE/g extract). All analyses were 
performed in triplicate, and the results were 
reported as mean ± standard deviation.13-14 

Determination of Total Flavonoid Content 
(TFC) 
The total flavonoid content of the extracts was 
determined by the aluminium chloride colorimetric 
method using quercetin as the reference compound. 
Quercetin standard solutions in the concentration 
range of 20–200 µg/mL were prepared for 
construction of the calibration curve. Aliquots of 
plant extract or standard solution were mixed with 
aluminium chloride reagent and potassium acetate 
solution, followed by dilution with distilled water. 
The reaction mixtures were incubated at room 
temperature for 30 min to allow formation of the 
flavonoid–aluminium complex. The absorbance 
was measured at 415 nm using a UV–Visible 
spectrophotometer against the corresponding blank. 
The flavonoid concentration in each extract was 
calculated from the quercetin calibration curve and 
expressed as milligrams of quercetin equivalents 
(QE) per gram of dry extract (mg QE/g extract). 
Each analysis was carried out in triplicate, and the 

results were expressed as mean ± standard 
deviation.15-17 

Determination of Total Tannin Content 
The total tannin content of the plant extracts was 
determined by the indigo carmine (indigosulphonic 
acid) titrimetric method as described in the 
Standardization of Botanicals by V. Rajpal with 
slight modifications. Briefly, 1 g of powdered plant 
material was extracted with 100 mL of distilled 
water and filtered. An aliquot of 10 mL of the 
filtrate was transferred into a 1 L conical flask 
containing 750 mL of distilled water. 
Subsequently, 25 mL of indigosulphonic acid 
indicator solution was added, and the mixture was 
titrated against 0.1 N potassium permanganate 
(KMnO₄) with continuous stirring until a 
permanent golden-yellow endpoint was obtained. A 
blank determination was performed under identical 
conditions using distilled water in place of the 
sample extract. The tannin content was calculated 
using the factor that 1 mL of 0.1 N KMnO₄ is 
equivalent to 0.004157 g of tannic acid, and the 
results were expressed as percentage (% w/w) of 
tannins calculated as tannic acid equivalents. All 
determinations were carried out in triplicate.18-19 

Isolation of Bioactive Compounds 
The ethanolic extract of Justicia betonica and the 
aqueous extract of Vigna trilobata exhibiting 
higher phytochemical content and antioxidant 
activity were selected for isolation of bioactive 
constituents. The concentrated extracts were 
subjected to silica gel column chromatography 
using gradient solvent systems of increasing 
polarity. Fractions were collected systematically 
and monitored by thin-layer chromatography 
(TLC). Fractions exhibiting similar TLC profiles 
were pooled and concentrated under reduced 
pressure to obtain purified compounds.20-22 

High-Performance Liquid Chromatography 
(HPLC) Analysis 
The phytochemical profiles of the ethanolic extract 
of Justicia betonica (L.) and the aqueous extract of 
Vigna trilobata (L.) Verdc. Were analyzed using 
High-Performance Liquid Chromatography 
(HPLC). The extracts were filtered through a 0.45 
µm membrane filter before injection into the HPLC 
system. Chromatographic separation was carried 
out on a reversed-phase C18 column under 
optimized operating conditions. Detection was 
performed at 269 nm for Justicia betonica and 276 
nm for Vigna trilobata. The chromatograms were 
recorded, and retention times of the resolved peaks 
were used to establish the phytochemical 
fingerprint of each extract.23-24 

Characterization of Isolated Compounds 
The isolated compounds were characterized by 
determining their physicochemical properties, 
including appearance, melting point, and Rf values 
obtained by TLC. Structural characterization was 
performed using spectroscopic techniques such as 
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Fourier Transform Infrared (FT-IR) spectroscopy, 
Ultraviolet–Visible (UV–Vis) spectroscopy, Proton 
Nuclear Magnetic Resonance (^1H NMR), Carbon-
13 Nuclear Magnetic Resonance (^13C NMR), and 
Mass Spectrometry (MS).25-29 

Liquid Chromatography–High Resolution Mass 
Spectrometry (LC–HRMS) 
The phytochemical profiles of the ethanolic extract 
of Justicia betonica (L.) and the aqueous extract of 
Vigna trilobata (L.) Verdc. were characterized 
using Liquid Chromatography–High Resolution 
Mass Spectrometry (LC–HRMS) equipped with an 
electrospray ionization (ESI) source operating in 
positive ion mode. The extracts were filtered 
through 0.22 µm membrane filters, and aliquots 
were injected into the LC–HRMS system. 
Chromatographic separation was carried out under 
optimized analytical conditions, and mass spectra 
were acquired over an m/z range of 50–1200. The 
accurate mass-to-charge (m/z) values of the 
detected ions were recorded to generate 
characteristic LC–HRMS fingerprints of both plant 
extracts. The obtained mass spectral data were used 
for phytochemical profiling and to assess the 
diversity of bioactive constituents present in the 
extracts.30-38 

RESULTS AND DISCUSSIONS: 
Preliminary Phytochemical Investigation 
The qualitative phytochemical screening of the 
ethanolic extract of Justicia betonica (L.) and the 
aqueous extract of Vigna trilobata (L.) Verdc. 
revealed the presence of several bioactive 
secondary metabolites. Both extracts tested positive 
for alkaloids, carbohydrates, glycosides, 
flavonoids, phenolic compounds, tannins, steroids, 
terpenoids, proteins, amino acids, and fixed oils. 
However, gums and mucilage were absent in both 
extracts. The ethanolic extract of Justicia betonica 
exhibited comparatively stronger reactions for 
phenolic compounds, flavonoids, tannins, and 
triterpenoids than the aqueous extract of Vigna 
trilobata, indicating a richer phytochemical 
composition. 
Table 1. Qualitative phytochemical screening of 
the ethanolic extract of Justicia betonica and the 
aqueous extract of Vigna trilobata 
Phytochemical 
Constituents 

Justicia 
betonica  
(Ethanolic 
Extract) 

Vigna 
trilobata  
(Aqueous 
Extract) 

Alkaloids + + 
Carbohydrates + + 
Glycosides + ++ 
Flavonoids +++ +++ 
Phenolic 
compounds 

+++ ++ 

Tannins +++ ++ 
Saponins ++ + 
Steroids ++ ++ 
Terpenoids ++ ++ 

Triterpenoids +++ + 
Proteins + + 
Amino acids + + 
Fixed oils and 
fats 

+ + 

Gums – – 
Mucilage – – 
Note: (+++) Strongly present; (++) Moderately 
present; (+) Present; (–) Absent. 
The phytochemical screening confirmed that both 
extracts are rich in biologically active secondary 
metabolites, particularly phenolic compounds and 
flavonoids, which are well known for their 
antioxidant properties. The ethanolic extract of 
Justicia betonica showed a comparatively richer 
phytochemical profile than the aqueous extract of 
Vigna trilobata, suggesting a higher concentration 
of bioactive constituents. The presence of tannins, 
saponins, terpenoids, and steroids further supports 
the potential therapeutic value of both plants. These 
phytochemicals may contribute individually or 
synergistically to the antioxidant activity and 
provide a scientific basis for their further 
pharmacological evaluation. 
Total Phenolic Content (TPC) 
The total phenolic content (TPC) of the ethanolic 
extract of Justicia betonica and the aqueous extract 
of Vigna trilobata was determined using the Folin–
Ciocalteu method with gallic acid as the reference 
standard. The gallic acid calibration curve 
exhibited good linearity over the concentration 
range of 50–250 µg/mL with a coefficient of 
determination (R²) of 0.9947. The ethanolic extract 
of Justicia betonica showed a higher phenolic 
content (250–280 mg GAE/g extract) compared to 
the aqueous extract of Vigna trilobata (190–200 
mg GAE/g extract). 
Table 2. Total Phenolic Content of the Plant 
Extracts 
Sam
ple 
Code 

Plant 
Extrac
t 

Concentra
tion 
(µg/mL) 

Absorba
nce (765 
nm) 

Total 
Pheno
lic 
Conte
nt 

01 Justici
a 
betonic
a 
(Ethan
olic 
extract) 

75 0.0578 250–
280 
mg 
GAE/
g 
extrac
t 

  125 0.1387  
02 Vigna 

trilobat
a 
(Aqueo
us 
extract) 

75 0.0079 190–
200 
mg 
GAE/
g 
extrac
t 

  125 0.0869  
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GAE: Gallic acid equivalent. 

 
Fig.1. Total Phenolic Content 
Phenolic compounds are among the major plant-
derived antioxidants and play an important role in 
scavenging free radicals and protecting biological 
systems against oxidative stress. In the present 
study, the ethanolic extract of Justicia betonica 
exhibited a higher total phenolic content than the 
aqueous extract of Vigna trilobata. The greater 
phenolic concentration in Justicia betonica 
suggests a higher antioxidant potential, which may 
contribute to its pharmacological activity. These 
findings indicate that both plant extracts are 
valuable sources of natural phenolic compounds, 
with Justicia betonica being comparatively richer 
in phenolic constituents. 
Total Flavonoid Content (TFC) 
The total flavonoid content (TFC) of the ethanolic 
extract of Justicia betonica and the aqueous extract 
of Vigna trilobata was determined by the 
aluminium chloride colorimetric method using 
quercetin as the reference standard. The quercetin 
calibration curve showed good linearity over the 
concentration range of 20–200 µg/mL with a 
coefficient of determination (R²) of 0.9970. The 
ethanolic extract of Justicia betonica exhibited 
higher flavonoid content (35–60 mg QE/g extract) 
than the aqueous extract of Vigna trilobata (10–12 
mg QE/g extract). 
Table 3. Total Flavonoid Content of the Plant 
Extracts 
Sam
ple 
Code 

Plant 
Extrac
t 

Concentr
ation 
(µg/mL) 

Absorba
nce 

Total 
Flavon
oid 
Conte
nt 

01 Justici
a 
betonic
a 
(Ethan
olic 
extract
) 

1000 0.4876 35–60 
mg 
QE/g 
extract 

  2000 0.5526  
02 Vigna 

triloba
ta 

1000 0.0847 10–12 
mg 
QE/g 

(Aque
ous 
extract
) 

extract 

  2000 0.1841  
QE: Quercetin equivalent. 

 
Fig.2. Total Phenolic Content 
Flavonoids are important polyphenolic compounds 
known for their antioxidant, free radical 
scavenging, and protective biological activities. In 
the present study, the ethanolic extract of Justicia 
betonica contained markedly higher total flavonoid 
content than the aqueous extract of Vigna trilobata. 
The higher flavonoid concentration in Justicia 
betonica suggests a greater antioxidant potential, 
which may contribute to its pharmacological 
efficacy. The results indicate that both plant 
extracts are natural sources of flavonoids; however, 
Justicia betonica possesses a comparatively richer 
flavonoid profile, supporting its potential use in the 
management of oxidative stress-related disorders. 
Total Tannin Content 
The total tannin content of the ethanolic extract of 
Justicia betonica and the aqueous extract of Vigna 
trilobata was determined by the indigosulphonic 
acid titrimetric method. The tannin content was 
found to be 4.99% w/w for Justicia betonica and 
1.66% w/w for Vigna trilobata. 
Table 4. Total Tannin Content of the Plant 
Extracts 
Plant Extract Tannin Content 

(% w/w) 
Justicia betonica (Ethanolic 
extract) 

4.99 

Vigna trilobata (Aqueous 
extract) 

1.66 

The ethanolic extract of Justicia betonica exhibited 
higher tannin content than the aqueous extract of 
Vigna trilobata. Since tannins possess well-
established antioxidant properties, their higher 
concentration in Justicia betonica may contribute 
to its enhanced antioxidant activity. 
Isolation and Characterization of Bioactive 
Constituents 
The crude extracts of Justicia betonica and Vigna 
trilobata were successfully fractionated by silica 
gel column chromatography. Thin-layer 
chromatography (TLC) using Hexane: Ethyl 
acetate: Methanol (13:5:2) as the mobile phase 
revealed six distinct spots with Rf values of 0.12, 
0.23, 0.56, 0.81, 0.91, and 0.97, indicating the 
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presence of multiple phytoconstituents with 
different polarities. 
The isolated fractions were further characterized by 
FT-IR spectroscopy. The spectra exhibited 
characteristic absorption bands corresponding to 
hydroxyl (O–H), aliphatic C–H, carbonyl (C=O), 
aromatic C=C, and C–O functional groups, 
confirming the presence of polyphenolic and other 
bioactive compounds. The TLC profile 
demonstrated effective separation of the 
phytoconstituents present in both plant extracts, 
indicating a chemically diverse composition. The 
FT-IR spectra confirmed the presence of 
characteristic functional groups commonly 
associated with phenolics, flavonoids, and related 
phytochemicals. These findings support the results 
of the preliminary phytochemical screening and the 
quantitative estimation of total phenolic and 
flavonoid contents. The abundance of these 
bioactive constituents suggests that both Justicia 
betonica and Vigna trilobata possess significant 
antioxidant potential and may contribute to their 
reported pharmacological activities. 

 
Fig. 3. Thin-layer chromatogram of the isolated 
phytoconstituents developed in Hexane:Ethyl 
acetate:Methanol (13:5:2), showing multiple 
compounds with distinct Rf values 

 
Fig. 4. FT-IR spectrum of the isolated fraction 
from the ethanolic extract of Justicia betonica 
showing characteristic functional groups 

 
Fig. 5. FT-IR spectrum of the isolated fraction 
from the aqueous extract of Vigna trilobata 
showing characteristic functional groups 
HPLC Analysis 
The HPLC chromatogram of the ethanolic extract 
of Justicia betonica recorded at 269 nm showed 
several well-resolved peaks, indicating the 
presence of multiple phytochemical constituents. A 
prominent major peak was observed at a retention 
time of approximately 3.67 min, suggesting the 
presence of a major bioactive constituent, while 
several minor peaks detected before and after the 
principal peak represent additional phytochemicals. 
Similarly, the HPLC chromatogram of the aqueous 
extract of Vigna trilobata recorded at 276 nm 
exhibited a characteristic chromatographic 
fingerprint with one dominant peak at a retention 
time of approximately 2.76 min, along with several 
minor peaks distributed throughout the 
chromatogram. These peaks indicate the presence 
of multiple compounds with varying polarities and 
concentrations. HPLC fingerprinting confirmed the 
chemical complexity of both plant extracts by 
resolving several phytochemical constituents. The 
presence of distinct major peaks along with 
multiple minor peaks demonstrates that both 
extracts contain a diverse range of secondary 
metabolites. The major peak observed at 3.67 min 
in Justicia betonica and 2.76 min in Vigna trilobata 
indicates the predominance of specific 
phytoconstituents in the respective extracts. The 
chromatographic profiles are consistent with the 
results of the preliminary phytochemical screening, 
total phenolic content, total flavonoid content, and 
FT-IR analysis, confirming that both plants are rich 
in polyphenolic compounds. The HPLC 
fingerprints generated in the present study can 
serve as a reliable tool for the quality control, 
authentication, and standardization of Justicia 
betonica and Vigna trilobata extracts and provide a 
basis for future isolation and identification of their 
active constituents. 
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Fig. 6. HPLC Chromatogram of the Ethanolic 
Extract of Justicia betonica (L.) Recorded at 269 
nm. 

 
Fig. 7. HPLC Chromatogram of the Aqueous 
Extract of Vigna trilobata (L.) Verdc. Recorded 
at 276 nm. 
LC–HRMS Analysis of Justicia betonica (L.) 
LC–HRMS analysis of the ethanolic extract of 
Justicia betonica revealed the presence of several 
molecular ions, indicating a chemically diverse 
phytochemical composition. The major ions 
detected in positive ion mode were observed at m/z 
125.0711, 147.0531, 245.1293, 255.0662, 
257.1283, 271.1167, 279.1059, 287.1395, 
293.0990, 423.1999, 519.2450, 593.2765, 
621.3061, 813.5628, 871.5727, and 887.5659. 
These accurate mass signals indicate the presence 
of multiple low- and high-molecular-weight 
phytoconstituents in the extract. The LC–HRMS 
fingerprint confirmed that the ethanolic extract of 
Justicia betonica contains a wide range of 
phytochemicals with different molecular masses. 
The detection of numerous molecular ions reflects 
the complexity of the extract and supports the 
results obtained from preliminary phytochemical 
screening, TLC, FT-IR, HPLC, and quantitative 
estimation of phenolics and flavonoids. The 
abundance of ions within the polyphenolic mass 
range suggests the presence of phenolic 
compounds, flavonoids, and other secondary 
metabolites that may contribute to the antioxidant 
activity of the plant. The LC–HRMS profile 
provides a reliable chemical fingerprint for the 
identification, quality control, and future 
characterization of bioactive constituents from 
Justicia betonica. 
LC–HRMS Analysis of Vigna trilobata (L.) 
Verdc. 
LC–HRMS analysis of the aqueous extract of 
Vigna trilobata (L.) Verdc. revealed a complex 
phytochemical profile with several molecular ions 
detected in positive ion mode. The major ions were 
observed at m/z 104.1083, 125.0714, 138.0552, 
166.0864, 185.0961, 198.1265, 218.1171, 
245.1283, 257.1280, 271.1445, 287.1386, 

309.1019, 325.0949, 375.1342, 413.0896, 
427.2037, 439.1731, 455.1946, 495.1694, 
523.3053, 541.2660, 567.3286, 611.3551, 
699.4104, and 832.2480, indicating the presence of 
numerous low- and high-molecular-weight 
phytoconstituents in the extract. The LC–HRMS 
fingerprint demonstrated that the aqueous extract of 
Vigna trilobata possesses a chemically diverse 
composition containing multiple phytochemical 
constituents with different molecular masses. The 
presence of numerous molecular ions supports the 
qualitative phytochemical screening, HPLC 
fingerprinting, and the quantitative estimation of 
phenolic and flavonoid contents. The detected mass 
signals are consistent with the occurrence of 
phenolic compounds, flavonoids, and other 
bioactive secondary metabolites, which may 
contribute to the antioxidant potential of the plant. 
The LC–HRMS profile generated in this study 
provides a characteristic chemical fingerprint that 
can be used for the authentication, standardization, 
and future identification of bioactive compounds 
from Vigna trilobata. 

 
Fig. 8. LC–HRMS positive ion mass spectrum of 
the ethanolic extract of Justicia betonica (L.) 
showing the characteristic molecular ion peaks. 

 
Fig. 9. LC–HRMS positive ion mass spectrum of 
the aqueous extract of Vigna trilobata (L.) Verdc. 
showing the characteristic molecular ion peaks. 
CONCLUSION: 
The present study demonstrated that the ethanolic 
extract of Justicia betonica (L.) and the aqueous 
extract of Vigna trilobata (L.) Verdc. are rich 
sources of bioactive phytochemicals with 
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promising antioxidant potential. Qualitative 
phytochemical screening confirmed the presence of 
important secondary metabolites, including 
phenolics, flavonoids, tannins, alkaloids, 
glycosides, terpenoids, and steroids. Quantitative 
analysis revealed that Justicia betonica possessed 
higher total phenolic, flavonoid, and tannin 
contents than Vigna trilobata, indicating a 
comparatively greater abundance of antioxidant 
constituents. Chromatographic and spectroscopic 
analyses using TLC, HPLC, FT-IR, and LC–
HRMS established characteristic phytochemical 
fingerprints and confirmed the presence of diverse 
bioactive compounds in both plant extracts. The 
identified functional groups and molecular ion 
profiles supported the findings of the preliminary 
phytochemical investigation and highlighted the 
chemical complexity of the extracts. Overall, the 
results suggest that both Justicia betonica and 
Vigna trilobata are valuable natural sources of 
antioxidant phytoconstituents, with Justicia 
betonica exhibiting comparatively higher 
phytochemical richness and antioxidant potential. 
These findings provide scientific evidence 
supporting the traditional medicinal use of both 
plants and establish a foundation for further 
isolation, structural characterization, and 
pharmacological evaluation of their active 
constituents for the development of plant-based 
therapeutic agents. 
CONCFILCT OF INTREST: 
The authors declare that there is no conflict of 
interest.  
REFERENCES: 
1. Sofowora A. Medicinal Plants and Traditional 

Medicine in Africa. 3rd ed. Ibadan: Spectrum 
Books Ltd.; 2008.  

2. Harborne JB. Phytochemical Methods: A 
Guide to Modern Techniques of Plant 
Analysis. 3rd ed. London: Chapman and Hall; 
1998.  

3. Evans WC. Trease and Evans Pharmacognosy. 
16th ed. London: Elsevier; 2009.  

4. Singleton VL, Orthofer R, Lamuela-Raventós 
RM. Analysis of total phenols and other 
oxidation substrates by means of Folin–
Ciocalteu reagent. Methods Enzymol. 
1999;299:152–178.  

5. Chang CC, Yang MH, Wen HM, Chern JC. 
Estimation of total flavonoid content in 
propolis by two complementary colorimetric 
methods. J Food Drug Anal. 2002;10(3):178–
182.  

6. Brand-Williams W, Cuvelier ME, Berset C. 
Use of a free radical method to evaluate 
antioxidant activity. LWT Food Sci Technol. 
1995;28(1):25–30.  

7. Blois MS. Antioxidant determinations by the 
use of a stable free radical. Nature. 

1958;181(4617):1199–1200.  
8. Valko M, Leibfritz D, Moncol J, Cronin MTD, 

Mazur M, Telser J. Free radicals and 
antioxidants in normal physiological functions 
and human disease. Int J Biochem Cell Biol. 
2007;39(1):44–84.  

9. Lobo V, Patil A, Phatak A, Chandra N. Free 
radicals, antioxidants and functional foods: 
Impact on human health. Pharmacogn Rev. 
2010;4(8):118–126.  

10. Pandey KB, Rizvi SI. Plant polyphenols as 
dietary antioxidants in human health and 
disease. Oxid Med Cell Longev. 
2009;2(5):270–278.  

11. Dai J, Mumper RJ. Plant phenolics: Extraction, 
analysis and their antioxidant and anticancer 
properties. Molecules. 2010;15(10):7313–
7352.  

12. Shahidi F, Ambigaipalan P. Phenolics and 
polyphenolics in foods, beverages and spices: 
Antioxidant activity and health effects. J Funct 
Foods. 2015;18:820–897. 

13. Tiwari P, Kumar B, Kaur M, Kaur G, Kaur H. 
Phytochemical screening and extraction: 
A review. Int Pharm Sci 2011;1:98-106. 18. 
Kumar S, Mahanti P, Rath SK, Patra JK. 
Qualitative phytochemical analysis and 
antibacterial activity of Dioscorea alata L.: 
A nutraceutical tuber crops of rural Odisha. 
J Altern Med Res 2017;3:122-2.  

14. Harbone JB. Phytochemicals Method. London: 
Chapman and Hall Ltd.; 1973. p. 49-188. 

15. Trease GE, Evans WC. Pharmacognosy. 
London: WB Scanders Company, Ltd.; 1989. 
p. 89-300. 

16. Kumar S, Behera SP, Jena PK. Validation of 
Tribal claim on Dioscorea pentaphylla L. 
through phytochemical screening and 
evaluation of antibacterial activity. Plant Sci 
Res 2013;35:55-61. 

17. Kumar S, Jena PK. Chromatographic, 
antibacterial and FT-IR analysis of Dioscorea 
pentaphylla L. tuber extracts. Plant Sci Res 
2014;36:83-90.  

18. Rai US, Arun M, Shetty I, Vijesh AM, Prabhu 
N, Isloor S. Novel chromeno (2,3-b) 
pyrimidine derivatives as potential anti-
microbial agents. Eur J Med Chem 
2010;45:2695-9. 

19. Gulcin I. Antioxidants and antioxidant 
methods: An updated overview. Arch Toxicol. 
2020;94(3):651–715.  

20. Shahidi F, Ambigaipalan P. Phenolics and 
polyphenolics in foods, beverages and spices: 
Antioxidant activity and health effects. J Funct 
Foods. 2015;18:820–897.  

21. Kumar BR. Application of HPLC and ESI-MS 
techniques in the analysis of phenolic acids 



RESEARCH PAPER 

 IJDDT Volume 16 Issue 69s 2026 Page: 117 

and flavonoids from green leafy vegetables. J 
Pharm Anal. 2017;7(6):349–364. 

22. Sasikumar JM, Thayumanavan T, 
Subashkumar R, Janardhanan K, 
Lakshmanaperumalsamy P. Antibacterial 
activity of some ethnomedicinal plants from 
the Nilgiris, Tamil Nadu, India. Nat Prod 
Radiance 2007;6:34-9. 

23. Ssenyondo KA, Tibyangye J, Kinene MA, 
Christopher E, Stephen K, Winnie N, et al. 
Antimicrobial activity of Vernonia 
amygdalina, Justicia betonica, Leonatis 
nepetaefolium and Momordica foetida to 
Staphylococcus aureus. J Pharm Biol Sci 
2010;15:6-10. 

24. Braz R, Wolf LG, Lopes GC, deMello JCP. 
Quality control and TLC profile data on 
selected plant species commonly found in the 
Brazilian market. Rev. Bras. Farmacogn. 2012; 
22(5):1111-1118. 

25. Chonthicha N, Wilart P, Punchavee S. 
Anticancer activities of isolated chemical 
constituents form Miliusa smithiae. American 
J Applied Sci. 2013; 10(8):787-792.  

26. Deepak KS, Ruchi BS, Ravindra S. 
Antibacterial activity of 8-(4‟-
methoxybenzyl)-xylopinine from Stephania 
glabra Tubers. Pharmacologia. 2013; 
3(10):539-541.  

27. Kahwa I, Seel C, Ikiriza H, Kulosa M, Billig S, 
Wiesner C, Weisheit A, Makumbi OH, Gerth 
A, Kaysser L. Comparative Phytochemical 
Profiles of Medicinal Plants Used for Wound 
Treatment: Insights From Wild and 
Hydroponically Cultivated Species in Lugazi 
Diocese, Uganda. Chem Biodivers. 2026 
Jan;23(1):e03018. doi: 
10.1002/cbdv.202503018.  

28. Rasve V, Chakraborty AK, Jain SK, 
Vengurlekar S. Study of phytochemical 
profiling and in vitro studies on antioxidant 
properties of ethanolic extract of Clematis 
triloba. Eur Chem Bull. 2022;11(12):2658-
2677. doi:10.53555/ecb/2022.11.12.2162022. 

29. Bors, W., Michel, C. and Stettmaier, K. 2001. 
Structure-activity relationships governing 
antioxidant capacities of plant polyphenols. 
Meth. in Enzym. 335:166-180.  

30. Chizzola, R., Michitsch, H. and Franz, Ch. 
2008. Antioxidative Properties of Thymus 
vulgaris Leaves Comparison of Different 
Extracts and Essential Oil Chemotypes. J. 
Agric. Food Chem. 56:6897-6904.  

31. Hartwell, J.L. 1982. Plants used against 
cancer. A survey. Quarterman Publications 
Inc., Lawrence, Massachusetts. Katalinić, V., 
Radić, S., Ropac, D., Mulić, R. and Katalinić, 
A. 2004. Antioxidative activity of propolis 
from Dalmatia (Croatia). Acta Med Croatica. 

58(5):373-376.  
32. Khanavi, M., Hajimahmoodi, M., Cheraghi-

Niroomand, M., Kargar, Z., Ajani, Y., 
Hadjiakhoondi, A., Ohammad, R. and Oveisi, 
M. 2009. Comparison of the antioxidant 
activity and total phenolic contents in some 
Stachys species. Afri. J. of Biotech. 8(6):1143-
1147.  

33. Leontowicz, M., Gorinstein, S., Leontowicz, 
H., Krzeminski, R., Lojek, A., Katrich, E., Číž, 
M., Martin-Belloso, O., Soliva-Fortuny, R., 
Haruenkit, R. and Trakhtenberg, S. 2003. 
Apple and pear peel and pulp and their 
influence on plasma lipids and antioxidant 
potentials in rats fed cholesterol-containing 
diets. J. Agric. Food Chem. 51:5780-5785. 
Maillard, M.N., Soum, M.H., Boivia, P. and 
Berset, C. 1996.  

34. Antioxidant activity of barly and malt: 
relationship with phenolic content. Leben.-
Wiss. - Techno. 29:238-244. Miliauskas, G., 
Venskutonis, P.R. and Van Beek, T.A. 2004. 
Screening of radical scavenging activity of 
some medicinal and aromatic plant extracts. 
Food Chem. 85:231-237.  

35. Sharifzadeh, M., Sharifzadeh, K., Khanavi, M., 
Hadjiakhoondi, A. and Shafiee, A. 2005. Anti-
inflammatory activity of aerial parts of Stachys 
setifera and Stachys persica. Int. J. Pharmacol. 
1:132-137.  

36. Wei, Z. and Shiow, Z.W. 2001. Antioxidant 
activity and phenolic compounds in selected 
herbs. J. Agri. and Food Chem. 49:5165-5170. 

37. Guimarães, A. C., Meireles, L. M., Lemos, M. 
F., Guimarães, M. C. C., Endringer, D.C., 
Frunze, M., & Scherer, R. (2019). 
Antibacterial activity of terpenes and 
terpenoids present in essential oils. Molecules, 
24(13), 2471. 

38. Bunpure S, Kherade D, Bhalekar P, Tidke N, 
Bhagdewani N, Ingale P, et al. Isolation, 
evaluation, purification and antimicrobial 
activity of phytoconstituents from clove. Int J 
Pharm Sci. 2025;3(3):1458-1462. 
doi:10.5281/zenodo.15034467. 


