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A Comparative Assessment of the Phytochemical Profile and Antibacterial Efficacy of Rumex crispus L. and Verbascum chinense (L.)

[bookmark: _GoBack]ABSTRACT
[bookmark: _Hlk220337200]The biological heritage of biodiversity hotspots offers a reservoir of potential pharmaceutical agents to combat the global rise in antimicrobial resistance. This study evaluates the phytochemical profiles and antibacterial efficacies of two wild herbaceous plants, Rumex crispus L. and Verbascum chinense (L.). Sant., collected from the Bilaspur district. Crude extracts were prepared using ethanol, methanol, and hot water and screened against Escherichia coli and Staphylococcus aureus using the agar well-diffusion method. Qualitative analysis revealed that R. crispus L. contains a comprehensive range of secondary metabolites, including alkaloids, glycosides, saponins, terpenoids, steroids, flavonoids, and phenols, whereas V chinense (L.). Sant. lacks alkaloids and steroids. The 100% ethanol extracts demonstrated superior bioactivity compared to those obtained with other solvents. R. crispus exhibited significant antibacterial potential with mean inhibition zones of 13.4 ± 2.6 mm against E. coli and 11.6 ± 2.0 mm against S. aureus, outperforming V chinense (L.). Sant., which showed inhibition zones of 10.5 ± 1.9 mm and 8.1 ± 1.3 mm, respectively. These findings highlight the superior pharmaceutical potential of Rumex crispus due to its diverse chemical composition. This validates its utility as a candidate for further isolation of antimicrobial compounds.
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INTRODUCTION 
Plants are a crucial component of the biosphere. They serve as the primary producers that convert solar energy into chemical bonds, fueling the entire food web within ecosystems (Fang, 2024). They also regulate climate, stabilize soil, and maintain the water cycle (Zaman et al., 2025). Beyond their role in energy transfer, they contribute to many other ecological services. It is estimated that nearly 65% of all pharmaceutical drugs in use today are derived from or isolated from natural plant sources (Xie et al., 2021). Biological heritage is unevenly spread, with biodiversity hotspots acting as reservoirs for future medicines (Kougioumoutzis et al., 2024). The world hosts approximately 500,000 species of terrestrial plants viz., angiosperms, gymnosperms, ferns, lycophytes, and bryophytes (Brummitt et al., 2024). Wang et al. (2019) reported 400000 plant species on Earth, and Fang et al. (2019) stated that there are around 200000 to 1 million diverse metabolites. However, Domingo-Fernández et al. (2023) reported that only few of them have been chemically explored.  The Ministry of Environment and Forests (2009) stated that India is a "megadiverse" nation, home to nearly 45,000 plant species. The Chhattisgarh state represents a unique ecological niche within India with its dense forests and tribal heritage, Chhattisgarh acts as a living laboratory for ethnobotany with over 2,500 species of medicinal plants to treat ailments (Pei, 2001). Shahi and Singh (2022) mentioned 133 plant species for variety of ailments. Beyond this, we have found R. crispus L. and V chinense (L.). Sant. to be remarkable species within this diverse context in India, especially in Chhattisgarh, given their frequent availability and medicinal application.   
R. crispus L. have been widely reported for pharmaceutical applications. Mandefro et al. (2025) extracted R. crispus roots using ethanol (100% and 70%) and distilled water to assess bioactive compounds. The extracts were rich in phenolics and proanthocyanidins, particularly the ethanol fractions. The 70% ethanol extract demonstrated strong antioxidant activity, with a DPPH IC50 of 10.6 µg/mL, comparable to that of the standard ascorbic acid (10.53 µg/mL). Similarly, Idris et al. (2019) evaluated the antimicrobial and antiparasitic efficacy of R. crispus. The root acetone extract (RT-ACE) exhibited the highest antimicrobial potency (MIC <1.562 mg/mL). Furthermore, Saoudi et al. (2021) quantified phenolic content (13.0–249.8 mg GAE/g dw) and identified novel compounds via HPLC, including cardamonin (74.0 mg/g). The MeOH extract yielded a DPPH IC50 of 6.2 μg/mL, while the DCM extract demonstrated high cytotoxicity against HCT-116 (69.2%) and MCF-7 (77.2%) cancer cells at 50 μg/mL.
Further, V chinense (L.). Sant. has also been noted for an extensive pharmaceutical profile.  Kaur et al. (2019) advocated that V chinense (L.). Sant. also known as Celsia coromandeliana and locally named as “Gidar Tambaku”.  Pal et al. (2019) emphasized antibacterial and Central Nervous System (CNS) activity of V. chinense.  Kaur and Upadhyaya (2016) analyzed V. chinense, noting that chloroform and n-butanol extracts offered broad-spectrum antibacterial activity against Klebsiella pneumoniae, Bacillus subtilis, and E. coli, whereas ethanolic extracts showed lower activity. Kaur et al. (2019) determined the antibacterial activity of V. chinense extracts using the agar-well diffusion method. The study attributed substantial antimicrobial potential to the presence of glycosides, flavonoids, saponins, and phenolic compounds. In contrast, ethanolic and ethyl acetate extracts demonstrated lower antibacterial activity against these strains. 
Hence, Rumex crispus L. and Verbascum chinense (L.) Sant. provide a solution to the global rise in antimicrobial resistance. Therefore, we have evaluated the phytochemical profiles and antibacterial activities of Rumex crispus L. and Verbascum chinense (L.) in the present study. 
MATERIALS AND METHODS
The wild herbaceous plants viz., R. crispus L. and V chinense (L.). Sant. were used in the present investigation and collected from the Bilaspur district. Fresh whole plant samples were first washed with clean water, then rinsed with 75% ethanol to prevent deterioration of the plant material. The samples were then collected in clean, sterilized, and labeled polythene zip bags and shade-dried (Banu & Cathrine, 2015; Gul et al., 2017).
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Plant Identification
All collected wild herbaceous plants were identified using the “Flora of British India (1872–1897)” authored by Sir J. D. Hooker. Identification involved observing morphological features using PlantNet, and verifying with available literature.
Preparation of Plant Extracts
The extraction of dried materials was performed according to the methods described by Kianbakht and Jahaniani (2003). Crude plant extracts (whole plant) were prepared from dried plant powder using the Soxhlet extraction method and the cold maceration extraction method. 10 g of the dried sample (whole plant) was taken in 50 ml of each solvent (ethanol, methanol, and hot water) for selected solvent extraction. The extracts were filtered using Whatman filter paper, and the filtrate was evaporated under reduced pressure in a vacuum rotary evaporator to produce the crude extract (Banu & Cathrine, 2015; Gul et al., 2017).
Phytochemical Screening
[bookmark: _Hlk220338028]Qualitative phytochemical tests for the detection of alkaloids, glycosides, saponins, terpenoids, steroids, flavonoids, and tannins in plant extracts were performed using standard methods and modified protocols (Harborne, 1998; Banu & Cathrine, 2015; Gul et al., 2017).
Test Microorganisms
In this study, two bacterial pathogens, E. coli (ATCC 10536) and S. aureus (ATCC 25923), were chosen as test organisms. Pure cultures of the pathogenic microbes were procured from the Department of Microbiology, Govt. E. Raghavendra Rao Postgraduate Science College, Bilaspur (C.G.).
Antimicrobial Activity Assay
An in vitro agar-well diffusion bioassay was used to screen the antibacterial properties of the selected plants 100% ethanol crude extracts against E. coli ATCC 10536 and S. aureus ATCC 25923. The antibacterial activities of the crude extracts were determined by measuring the inhibition zone diameters (mm) using well agar diffusion test plates against the test organisms. Results were compared with positive and negative controls (Gupta et al., 2016; Tembo et al., 2018; Geraldin et al., 2020).
Statistical Analysis
All experiments were performed in triplicate to ensure reproducibility. The data obtained were expressed as Mean ± Standard Deviation (SD). Statistical significance was evaluated to compare the efficacy of crude extracts against standard controls.
RESULT AND DISCUSSION 
In the present investigation, we focused on two wild herbaceous plants, R. crispus L. and V. chinense (L.) Sant. Solvent extraction using ethanol, methanol, and hot water was performed. Upon analysis of the resulting fractions, the ethanol extract proved notably potent, demonstrating greater bioactivity than the other solvents.
R. crispus L. have been shown to be positive for all phytochemicals tested. In contrast, V. chinense (L.) Sant. had a slightly varied profile with absence of alkaloids or steroids during the present study (Table 1). We have evaluated antibacterial activity of 100% ethanol extracts against E. coli and S. aureus and both plants showed antibacterial activity. R. crispus L. produced inhibition zones of 13.4 ± 2.6 mm against E. coli and 11.6 ± 2.0 mm against S. aureus (Table 2). This aligned with previous research suggesting that the high levels of phenols and flavonoids in Rumex species often drive their antimicrobial effects (Mandefro et al., 2025; Saoudi et al., 2021; Idris et al., 2019). On the other hand, V. chinense (L.) Sant. lagged a bit behind as it was exhibited inhibition zones of 10.5 ± 1.9 mm and 8.1 ± 1.3 mm, respectively. A broad chemical profile of R. crispus L. was found to be promising and endorsed its potential for further pharmaceutical evaluation compared with V. chinense (L.). Sant.
In the present study, the ethanolic extract of R. crispus L. exhibited moderate antibacterial activity against standard bacterial strains. Specifically, the mean zones of inhibition were 13.4 ± 2.6 mm for E. coli (ATCC 10536) and 11.6 ± 2.0 mm for S. aureus (ATCC 25923). These findings indicate that although the 100% ethanol extract possessed antimicrobial activity, its efficacy was notably lower than that reported in the literature. For instance, Avcı et al. (2014) reported significantly larger zones of inhibition with R. crispus L. extracts: 19.5 ± 4.5 mm for S. aureus (ATCC 25923) and 17.2 ± 1.8 mm for E. coli (ATCC 25922). These differences might be due to variations in inoculum density (McFarland standard) and the plant part used. We have used whole plant, whereas Avcı et al. (2014) used leaves, followed by hydro-distillation using a Clevenger-type apparatus, and anhydrous sodium sulphate was used during the drying process. Additionally, the E. coli strain's ATCC number varied. Aforementioned factors might account for these differences. Bharti et al. (2023) evaluated Celsia coromandeliana against bacterial strains, viz., E. coli, P. aeruginosa, B. subtilis, K. pneumoniae and S. typhimurium, and reported that the ethanol extract has been active against all bacterial strains tested, including E. coli. Further, Kaur et al.  (2016) mentioned that ethanol extract of V. chinense (L.) Sant. was tested against S. aureus and showed a zone of inhibition of 8.1 ± 1.3 mm.
Table 1. Qualitative phytochemical analysis of Rumex crispus L. and Verbascum chinense (L.) Sant. extracts.
	Phytochemical Constituent
	Rumex crispus L.
	Verbascum chinense (L.) Sant.

	Alkaloids
	+
	-

	Glycosides
	+
	+

	Saponins
	+
	+

	Terpenoids
	+
	+

	Steroids
	+
	-

	Flavonoids
	+
	+

	Phenols
	+
	+

	"+" indicates presence and "-" indicates absence of the constituent



Table 2. Antibacterial activity of 100% Ethanol crude extracts against human pathogens.
	Ethanol (100%) extract
	Zone of Inhibition (mm) (Mean ± SD)

	
	Escherichia coli 
(ATCC 10536)
	Staphylococcus aureus 
(ATCC 25923)

	Rumex crispus L.
	13.4 ±2.6 mm
	11.6 ±2.0 mm

	Verbascum chinense (L.) Sant.
	10.5 ±1.9 mm
	8.1 ±1.3 mm

	Control
	0

	Gentamycin (10μg / ml)
	23.6 ±0.51
	25.3 ±0.32



Conclusion 
The present investigation established that the extraction solvent plays a critical role in isolating bioactive compounds, with 100% ethanol yielding the most potent antimicrobial extracts from wild herbaceous species. A major finding of this study is the superior phytochemical diversity of R. crispus L., which tested positive for all screened metabolite groups, compared to V. chinense (L.) Sant., which lacked alkaloids and steroids. Consequently, R. crispus L. was shown to have higher efficacy in inhibiting the growth of both E. coli and S. aureus. The antibacterial properties of the tested plant species validate their ethnomedicinal relevance. The present study identifies R. crispus L. as the more promising candidate for future pharmaceutical research aimed at developing new antibiotics.
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