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ABSTRACT: Quality evaluation of herbal medicines is essential to ensure their safety, 
efficacy, and consistency. The present study focused on the quality control and authenti-
cation of Hyoscyamus niger (henbane) and its adulterant Cleome viscosa L. using modern 
analytical techniques. Both plants possess significant medicinal value but are often adul-
terated, affecting therapeutic reliability. The study aimed to differentiate and authenticate 
H. niger and C. viscosa through macro- and microscopic characterization, followed by
chemical profiling using High-Performance Thin-Layer Chromatography (HPTLC) and
High-Performance Liquid Chromatography coupled with Mass Spectroscopy (HPLC–
MS). These advanced tools enabled rapid, simultaneous analysis of multiple phytocon-
stituents, facilitating efficient quality assessment. The results revealed distinct differences
in macro- and microscopic features between the two species. Chemical profiling identi-
fied characteristic marker compounds specific to each plant, allowing clear discrimina-
tion between authentic and adulterated samples. Quantitative estimation of total alkaloid
content showed a notable variation, with H. niger containing 0.1737 ± 0.0023% and
C. viscosa 0.0441 ± 0.0018% (w/w). Overall, the findings highlight the effectiveness
of combining high-throughput screening with advanced analytical approaches for the
authentication of medicinal plants. This integrated strategy strengthens quality control
measures, ensuring the authenticity, potency, and safety of herbal formulations, and sup-
ports the development of robust quality assurance protocols in the herbal industry.
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1. INTRODUCTION 

Ensuring the safety, effectiveness, and consistency of 
herbal medicines requires quality control and medicinal 
plant authentication. Adulteration, whether intentional 
or accidental, poses significant challenges to the integrity 
of herbal medicines, leading to variations in therapeutic 
efficacy and potential risks to consumer health. To address 
these concerns, rigorous quality control measures must be 
implemented throughout the production process, from 
cultivation and harvesting to processing and distribution. 
Authentication techniques such as macroscopic and micro-
scopic examination, chemical profiling, and DNA barcoding 
as well as High-performance analytical methods, including 
chromatography, spectroscopy, and mass spectrometry used 
to discriminate bioactive compounds have been abundantly 
employed to quality based evaluation and verification of 
therapeutic plants and the products (Gautam et al., 2023; 
Salar et al., 2023).

Among these, High-Performance Thin-Layer 
Chromatography (HPTLC), High-Performance Liquid 
Chromatography (HPLC), are the most utilized analytical 
techniques for chemical profiling and quantification of key 
bioactive constituents in plant samples (Gaurav et al., 2023b, 
2022). This quick, cost-effective, and accurate approach has 
benefits like high sample throughput, little preparation of 
samples, and simultaneous analysis of several chemicals (Attri 
et al., 2023; Gaurav et al., 2020). HPTLC was employed for 
preliminary screening of plant extracts to identify character-
istic chemical fingerprints while HPLC employed for quanti-
tative analysis of specific marker compounds and known for 
its high sensitivity, accuracy, and reproducibility for validating 
medicinal plants and their derived formulations, scientifically 
(Karthika and Paulsamy, 2015).

H. niger, commonly known as henbane, is a plant species 
belonging to the Solanaceae family. It is native to Europe, 
Asia, and North Africa but has been naturalized in various 
regions worldwide. Henbane typically thrives in disturbed 
habitats, including waste areas, roadsides, and cultivated 
fields (AZHAR and MUSTEHASAN, 2020). Chemically, H. 
niger contains several pharmacologically active compounds, 
with tropane alkaloids being the most significant (Attri et al., 
2023). The major tropane alkaloids found in henbane include 
hyoscyamine, scopolamine, and atropine, which exert anticho-
linergic effects on the nervous system. Traditionally, it has been 
used for its antispasmodic, sedative, and analgesic actions, 
though improper use can cause severe toxicity (AZHAR 
and MUSTEHASAN, 2020; Mohammad Salehudin, 2020; 
Wicaksono, 2020). Moreover, H. niger exhibits a range of 
pharmacological activities due to its alkaloid content. The 
plant has been traditionally used for its antispasmodic, 

sedative, and analgesic properties. Its alkaloids act as musca-
rinic receptor antagonists, blocking the action of acetylcholine 
and thereby relaxing smooth muscles. Additionally, henbane 
has been employed as a remedy for various ailments, including 
asthma, gastrointestinal disorders, and motion sickness (Carod 
Artal, 2015). Despite its therapeutic potential, H. niger con-
tains toxic alkaloids and must be used with caution. Improper 
dosing or ingestion of large quantities can lead to severe tox-
icity, including hallucinations, delirium, and respiratory 
depression. Therefore, it is essential to consult healthcare pro-
fessionals before using henbane or products derived from it for 
medicinal purposes (Azhar and Mustehasan, 2020; Mahfouze 
and Ottai, 2011; Stenzel et al., 2006).

H. niger and C. viscosa L. are two plants with significant 
medicinal value, commonly used in traditional and folk 
medicine systems. However, due to increasing demand and 
limited availability of authentic botanical materials, adulter-
ation has become a prevalent concern in the herbal industry. 
Adulteration not only compromises the therapeutic efficacy of 
herbal preparations but also poses potential risks to consumer 
health. Therefore, robust analytical methods are imperative 
for accurate identification, quality assessment, and authenti-
cation of botanical materials (Seraglio et al., 2019). In this 
study, we present a comprehensive study on the quality con-
trol and authentication profiling of H. niger and its adulterant 
C. viscosa L. using high-throughput screening with modern 
analytical techniques. H. niger, belonging to the Solanaceae 
family, is renowned for its pharmacological properties, includ-
ing antispasmodic, analgesic, and sedative effects. Conversely, 
C. viscosa L., a member of the Cleomaceae family, has been 
traditionally used for its anti-inflammatory, analgesic, and 
antimicrobial properties (Muhammad et al., 2018; Olaoluwa 
and Azeez, 2022).

Despite their medicinal significance, both plants are sus-
ceptible to adulteration, which can occur due to factors such 
as misidentification, substitution, or intentional mixing with 
lower-cost substitutes. Adulteration compromises the authen-
ticity and quality of herbal preparations, leading to varia-
tions in therapeutic efficacy and safety (Kumar et al., 2023). 
Therefore, the development of reliable analytical methods for 
the detection and differentiation of authentic botanical mate-
rials from adulterants is imperative for ensuring the integ-
rity of herbal products (Kumar, 2025; Kumar et al., 2025). 
Overall, this study highlights the efficacy of high-throughput 
screening combined with modern analytical techniques in 
quality control and authentication profiling of H. niger and 
C. viscosa L. The developed methods offer rapid, reliable, and 
cost-effective solutions for the detection and differentiation 
of authentic botanical materials from adulterants, thereby 
enhancing the integrity and safety of herbal products in the 
market (Singh et al., 2024; Vandana et al., 2024).
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2.3. Macroscopical and microscopical examination 

For the macro and microscopical examination of H. niger 
and C. viscosa seeds, dissecting microscopes and inverted 
microscopes (OPTIKA Microscope, Italy) were utilized. 
Initially, the seeds were observed under a dissecting micro-
scope to assess their macroscopic characteristics such as 
size, shape, color, and surface texture. Horizontal and ver-
tical views of the seeds were examined to capture variations 
in morphology. Subsequently, the seeds were prepared for 
microscopic examination using an inverted microscope. 
Thin sections of the seeds were obtained and mounted on 
glass slides with a suitable mounting medium. The slides 
were then observed under the inverted microscope to ana-
lyze the internal structures of the seeds at higher magnifica-
tions (Kumar et al., 2023). Microscopic features including 
the shape and arrangement of cells, presence of characteristic 
structures such as oil bodies, starch grains, or trichomes, and 
any other distinguishing features were carefully examined. 
Horizontal and vertical sections of the seeds were examined 
to capture variations in internal morphology in macroscopic 
examination. The combination of dissecting microscopes 
and inverted microscopes allowed for a comprehensive anal-
ysis of both the macroscopic and microscopic characteristics 
of H. niger and C. viscosa seeds, facilitating accurate identifi-
cation and differentiation between the two species (Shrestha 
et al., 2014).

2. MATERIAL AND METHODS

2.1. Chemical, reagents and instrumentations

High-Performance Thin-Layer Chromatography (HPTLC) 
equipped with Linomat 5, Scanner 4 Camag Derivatizer, 
High-Performance Liquid Chromatography (HPLC), H. niger 
and C. viscosa L., BOROSIL Laboratory filter media (Grade: 
B59501), High-Performance Liquid Chromatography (Water 
1525, Binary HPLC Pump equipped with UV/Visible detec-
tor: 2489 and Acquity QDa detector). Furthermore, analyt-
ical grade chemicals and solvents used to conduct the study. 

2.2. Collection and preparation of extract

H. niger and C. viscosa L. seeds were procured form the 
local market, khari baoli, Delhi, India and authenticated as 
per Ayurvedic Pharmacopoeia of India. 1 g of H. niger and C. 
viscosa L. seeds powder of each plants were weighed accurately 
and extracted using sonication method with 20 ml of metha-
nol at room temperature for 2 hrs. After extraction, the con-
tent was filtered through BOROSIL Laboratory filter media 
(Grade: B59501) paper to separate the plant material residue. 
The obtained filtrate was concentrated on a water bath at 70 ± 
5°C to achieve its volume up to 5 ml that was directly used for 
TLC analysis (Gaurav et al., 2023a, 2020).

(A) (B) (A)

(C)

(E) (F)

(D)

(B)

(C) (D)

Size
0.9±0.1 mm

Size
0.8±0.1 mm

Panel 1 Panel 2

Figure 1. Macroscopical examination of H. niger and C. viscosa. Panel 1 and 2 (Figure A & B) represents the morphological state of 
H. niger and C. viscosa. Figure C represents horizontal (transverse) section showing compact cellular arrangement and prominent oil 
bodies. Figure D in panel 2 represent the horizontal section of immature seed of C. viscosa represented in circle (Yellow color seed) 
while Figure D in panel 1 and figure E and F (Panel 2) represents the sagittal (longitudinal) section of H. niger and C. viscosa. 
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2.4. Quantitative estimation of total alkaloids

For the quantitative estimation of total alkaloids in the 
methanolic extracts of H. niger and C. viscosa, a gravimet-
ric method based on acid-base extraction was employed. 
Initially, 5 g of each powder was extracted in methanol (100 
ml) using sonication method at room temperature for 2 hrs. 
the content was filtered and concentrated till its 10 ml vol-
ume on a water bath. Thereafter, the residues of each extract 
was suspended separately in 50 ml of acidified water (pH 2-3) 
in conical flasks to make alkaloidal salt of present alkaloids 
and partitioned with the chloroform (50 ml x 3). Thereafter, 
aqueous layer was collected and subsequently the solutions 
were basified (pH 9-10) by adding 10% ammonia solution 
dropwise to the sample, the alkaloids were then extracted 
into chloroform (50 ml x 3) by vigorous shaking for 5 min-
utes. The solvent was evaporated to dryness on a water bath 
after the chloroform layer containing the alkaloids was sepa-
rated. The residue was then dried to a constant weight at an 
appropriate temperature (e.g., 60°C) to eliminate any resid-
ual solvent. The mass of the desiccated residue indicated the 
overall alkaloid concentration in the original extract and was 
quantified as a percentage of the initial botanical material 
(Ajanal et al., 2012).

2.5. TLC fingerprint densitometry analysis of methanolic extract 
and alkaloids enriched fraction of H. niger and C. viscosa

The TLC profiling of methanolic extracts of H. niger and 
C. viscosa prepared as described earlier was performed in two 
step. In first step, the mother extract directly applied on TLC 
onto silica gel TLC plates (pre-coated with a 0.25 mm layer). 
Application volume ranged from 2-5 μL using a microsy-
ringe (100µl). The plates were prepared using a solvent mix-
ture of toluene, ethyl acetate, and formic acid (6:3:1 v/v) in 
a glass chamber until the solvent front approached the upper 
edge of the plate (75 mm). Subsequent to development, the 
plate was desiccated and examined at 254 nm and 366 nm, 
followed by derivatization using Anisaldehyde sulfuric acid 
reagent. The images at each phase were taken for documen-
tation purposes. 

In second step, another plate with pre-application of sam-
ple was developed in n-Butanol: wate: Liq. Ammonia (6: 3.5: 
0.5 v/v), dried and visualized under UV light (254 nm and 
366 nm) for visualization of separated bands and derivatized 
using dragondroff reagent to visualized alkaloids bands in 
the methanolic extracts of H. niger and C. viscosa, facilitat-
ing authentication and quality control assessments (Gaurav, 
2022; Gaurav et al., 2022).

2.6. HPLC profiling of alkaloids enriched fraction of H. niger and  
C. viscosa

For the HPLC profiling of alkaloids enriched fractions 
from H. niger and C. viscosa, a C18 column was utilized. 
The mobile phase included acetonitrile (ACN) and water 
in a 65:35 v/v ratio. The flow rate was established at 1 ml/
min. Before injection, the samples were solubilized in meth-
anol and subjected to filtration using a 0.45 μm membrane 
filter. Ten microliters of each sample were injected onto the 
C18 column, which was kept at an appropriate tempera-
ture of 25°C. Detection of alkaloids was performed using 
a UV detector at an appropriate wavelength (254 nm). 
Chromatographic separation was achieved by eluting the 
compounds through the column with the mobile phase at the 
specified flow rate. Retention times of peaks corresponding to 
alkaloids were recorded and compared between the samples 
to determine qualitative differences in alkaloid composition 
between H. niger and C. viscosa (Nejadhabibvash et al., 2012).

2.7. Statistical analysis

The data are represented in Mean ± SD via following each 
values measurements in triplicate. 

3. RESULTS AND DISCUSSION 

3.1. Macroscopical and microscopical examination 

The macroscopic examination of H. niger seeds revealed a 
comparatively higher size (0.9 ± 0.1) then C. viscosa (0.8 ± 
0.1), oval-shaped structure with a smooth surface and a brown 
coloration. In contrast, C. viscosa seeds exhibited a larger, 
spherical shape with a rough surface texture and a green-
ish-brown hue. Both horizontal and vertical views of the seeds 
highlighted distinct morphological differences between the 
two species, aiding in their differentiation. Upon microscopic 
examination using an inverted microscope, thin sections of 
the seeds revealed intricate internal structures. H. niger seeds 
displayed characteristic features such as compactly arranged 
cells, prominent oil bodies, and starch grains, while C. vis-
cosa seeds exhibited a looser arrangement of cells with fewer 
oil bodies and starch grains. Trichomes were observed in both 
species but were more abundant in C. viscosa seeds. Overall, 
the combination of dissecting microscopes and inverted 
microscopes facilitated a comprehensive analysis of the mac-
roscopic and microscopic characteristics of H. niger and 
C. viscosa seeds. These observations provided valuable insights 
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(A) (B) (C)
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Figure 2. Microscopic characteristic of H. niger (Panel 1) and its adulterant C. viscosa (Panel 2). Panel 1 (Figure A, B and C) 
represents sagittal and parasagittal view of H. niger while Figure (D and E) represents complex oil bodies in H. niger. In panel 2 
(Figure A, B, and C) represent the sagittal section, resolved view of internal seed and oil bodies, respectively. Figure (D, E and F) 
represent resolved view of mucilage and testa (Seed coat), endosperm palisade layer, dentils, and compacted phloem globules with oil 
bodies. 

for accurate identification and differentiation between the 
two species, crucial for botanical authentication and quality 
control purposes.

3.2. Quantitative estimation of total alkaloids

Estimation of total alkaloids in methanolic extract of 
H. niger and C. viscosa was estimated through gravimetric 
method based on acid-base extraction. The outcome of the 
study showed that the content of total alkaloids in H. niger 
and C. viscosa was found with a significant difference in their 

content as follows 0.1963 ± 0.0023% and 0.0693 ± 0.0018 
% (w/w), respectively. 

3.3. TLC fingerprint densitometry analysis of methanolic extract 
and alkaloids enriched fraction of H. niger and C. viscosa

The HPTLC fingerprinting of Hyoscyamus niger (S) and 
Cleome viscosa (A) revealed distinct metabolite profiles, as 
observed under UV light at 254 nm, 366 nm, and after deri-
vatization with anisaldehyde reagent (ASR). At 254 nm, very 
few spots were detected, with both plants showing bands at Rf 
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0.28, indicating the presence of common metabolites. Under 
366 nm, H. niger displayed multiple fluorescent bands at Rf 
0.13, 0.21, 0.26, 0.32, 0.40, 0.44, 0.51, and 0.68, while C. 
viscosa showed fewer bands, primarily at Rf 0.21, 0.28, 0.30, 
0.36, and 0.40. This highlights the relatively higher chemical 
diversity in H. niger at this wavelength.

Post-derivatization with ASR, both species exhibited 
enhanced colorimetric resolution. Shared bands were noted 
at Rf 0.21, 0.40, and 0.72, suggesting the presence of similar 
classes of secondary metabolites, possibly terpenoids or phe-
nolics. However, unique bands for H. niger (Rf 0.10, 0.13, 
0.44) and C. viscosa (Rf 0.09, 0.30) indicate species-spe-
cific phytoconstituents. Overall, the fingerprinting analy-
sis demonstrates both overlapping and distinct metabolite 
patterns, validating the utility of HPTLC in differentiating 
these two species. Such profiling provides a valuable tool for 
authentication, quality control, and comparative phytochem-
ical assessment.

3.4. HPLC profiling of alkaloids enriched fraction of H. niger and  
C. viscosa

In HPLC chromatographic separation profiling of alka-
loids enriched fractions of H. niger and C. viscosa, several 
significant discriminants emerge even under identical condi-
tions. These discriminants play a crucial role in distinguishing 

1 2 1 2 1 2

Figure 3. TLC analysis of H. niger (1) and C. viscosa (2) for 
comparative assessment in the metabolites fingerprint. The 
developed plate was viewed at 254 nm, 366 nm and derivatised 
with anisaldehyde reagent. 

Table 1
TLC ingerprinting profile of H. niger and C. viscosa.

Sr. no. Rf values At 254 nm At 366 nm Derivatised with ASR

H. niger C. viscosa H. niger C. viscosa H. niger C. viscosa

1 0.09 - - - + - -

2 0.1 - - - - + -

3 0.13 - - + - + -

4 0.21 - - + + + +

5 0.26 - - + - - -

6 0.28 + + - + - -

7 0.30 - - - + - -

8 0.32 + - + - - -

9 0.36 - - - + - -

10 0.40 - - + + + +

11 0.44 - - + - + -

12 0.51 - - + - - -

13 0.68 - - + - - -

14 0.72 - - + - + +

15 0.81 - - + + + +

16 0.89 - - - - + +

Total metabolites 02 01 10 07 08 05

between the chemical compositions of the two plant species. 
One significant discriminant is the retention time of peaks 
corresponding to different phytochemicals. Additionally, 
the peak shape and width can vary between H. niger and C. 

https://doi.org/10.53365/nrfhh/217340


S. Kumar et al. View Article online

Na t u r a l  R e s o u r c e s  f o r  Hu m a n  H e a l t h  2026, 6, 506–515  |  512

viscosa due to differences in compound concentrations and 
interactions with the chromatographic system. However, one 
of the common major components found at retention time 
45.73 min. Moreover, variations in peak intensity or area 
under the curve can also serve as discriminants, reflecting dif-
ferences in alkaloid content between the two plant species. 
Overall, these discriminants in chromatographic separation 
are essential for accurate authentication and quality control of 
H. niger and C. viscosa, providing valuable insights into their 
chemical compositions and medicinal properties.

4. DISCUSSION 

Quality evaluation of herbal medicines is paramount to 
ensure their safety, efficacy, and consistency in therapeutic 
outcomes. In this study, the focus was on the quality control 
and authentication profiling of H. niger and its adulterant C. 
viscosa using high-throughput screening with modern analyti-
cal techniques. Both plants possess significant medicinal value 
but are susceptible to adulteration, which can compromise 
the efficacy and safety of herbal preparations. The study aimed 
to unravel the macroscopic and microscopic characteristics of 
H. niger and C. viscosa, followed by High-Performance Thin-
Layer Chromatography (HPTLC) and High-Performance 
Liquid Chromatography (HPLC) equipped with mass spec-
troscopy for comprehensive chemical profiling (Durrani et 
al., 2008; Khan et al., 2024; Zahiruddin et al., 2017).

The utilization of these advanced analytical techniques 
allowed for rapid and simultaneous analysis of multiple com-
pounds, facilitating efficient quality assessment and authen-
tication. The results revealed significant differences in the 
macroscopic and microscopic characteristics of H. niger and 

C. viscosa, aiding in their discrimination. Moreover, key chem-
ical markers specific to each plant were identified, enabling 
differentiation between authentic samples and adulterants 
(Gaurav et al., 2023a; Gautam et al., 2023). Quantitative 
estimation of total alkaloid content revealed substantial varia-
tion between the two species, underscoring the value of such 
assessments in defining quality parameters and maintaining 
consistency in herbal formulations (Nejadhabibvash et al., 
2012; Stenzel et al., 2006).

The findings underscore the efficacy of high-throughput 
screening combined with modern analytical techniques in dis-
tinguishing between H. niger and C. viscosa, thereby enhanc-
ing quality control measures and safeguarding the integrity 
of herbal products. This approach holds promise for ensur-
ing the authenticity, potency, and safety of botanical medi-
cines, contributing to the advancement of quality assurance 
protocols in the herbal industry. The successful application 
of HPTLC and HPLC in this study underscores their crucial 
role in herbal drug evaluation, offering rapid, accurate, and 
reproducible analysis for the identification and quantification 
of bioactive constituents. These techniques offer rapid and 
accurate analysis of herbal extracts, allowing for the identifi-
cation and quantification of active constituents. By leveraging 
mass spectroscopy, the study further enhanced the chemical 
profiling of the herbal samples, providing valuable insights 
into their composition and authenticity. 

Jaremicz et al. (2014) described a methodology for the 
creation of a high-performance thin-layer chromatography 
(HPTLC) technique for the isolation and quantification of 
the principal tropane alkaloids, hyoscyamine and scopol-
amine, together with their direct precursors, littorine and 
anisodamine, as well as cuscohygrine, in the leaves and roots 
of H. niger and Atropa baetica. HPTLC Si60 F254 plates, 

Figure 4. TLC fingerprinting profiling of H. niger (H. niger STD; Track 3-4) and C. viscosa (H. niger Adulterant; Track 1-2) alkaloids 
enriched fraction. The outcomes of the fingerprinting have been depicted in different panels. Panel 1 represents the TLC plate 
developed in n-Butanol: wate: Liq. Ammonia (6: 3.5: 0.5 v/v) and visualised at day light, 254 nm, 254 nm modified view, 366 nm 
and derivatised with Dragendorff’s reagent.

254 nm 366 nm RfDerivatized plate
10

0
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(A)

(B)

Figure 5. HPLC chromatogram of H. niger (A) and C. viscosa (B) represents the significant different in the chromatographic pattern. 
However, one of the common major components found at retention time 45.73 min. 

Table 2
Fingerprinting profile of H. niger and C. viscosa.

Sr. No Retention  
time

Metabolites found  
in H. niger

Metabolites found  
in C. viscosa

1 8.627 + +

2 9.322 + +

3 10.664 + +

4 13.152 - +

5 15.120 + +

6 16.250 + +

7 18.048 + +

8 27.300 + +

9 39.864 - +

10 45.960 + +

Total 
metabolites 

12 16

preconditioned with mobile phase vapors (chloroform: 
methanol: acetone: 25% ammonia ratios of 75:15:10:1.8, 
v/v/v/v), were utilized for TLC development and densito-
metric detection at 190 and 520 nm for the quantification 

of hyoscyamine, scopolamine, anisodamine, littorine, and 
cuscohygrine in various plant materials, including H. niger. 
The results of the study showed that anisodamine (0.011 ± 
0.003 mg/g), cuscohygrine (0.079 ± 0.013 mg/g), and sco-
polamine (0.157 ± 0.013 mg/g) found in leaves of H. niger, 
while hyoscyamine (0.208 ± 0.03), anisodamine (0.051 ± 
0.006), cuscohygrine (0.861 ± 0.12), and scopolamine (0.285 
± 0.05) found in root of H. niger. The study provides a robust 
approach for quality based identification of H. niger (Jaremicz 
et al., 2014). 

Singh et al. (2018) presented a quantitative method for 
estimating salicylic acid via HPTLC densitometry in C. vis-
cosa seeds. The study’s findings indicated that the TLC chro-
matogram exhibited a distinct spot for salicylic acid at Rf 
0.51, with a concentration of 0.9 ± 0.04 μg/g of seed. The 
limit of detection (LOD) for salicylic acid was 4 ng, whereas 
the limit of quantification (LOQ) was 8 ng. This created 
approach yielded improved resolution of additional com-
pounds contained in the extract, demonstrating simplicity, 
precision, and accuracy. Final Assessment the research indi-
cated that Salicylic acid is the active ingredient found in the 
seeds of C. viscosa (Singh et al., 2018).
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