




Analysis of the Antimicrobial Efficacy of Acetone Leaf and Bark Extracts of Embelia basaal
Abstract

Plants have formed the bedrock of traditional medicinal systems across cultures for centuries. Embelia basaal is known for its diverse therapeutic applications in traditional medicine. This study investigates the in vitro antimicrobial potential of acetone extracts from the leaves and bark of Embelia basaal against a panel of clinically significant fungal and bacterial pathogens. The agar disc diffusion method was employed to determine the zones of inhibition at concentrations ranging from 10 to 30 mg/mL. The antifungal assay against Candida albicans, Candida tropicalis, and Aspergillus niger revealed a concentration-dependent activity. Notably, the bark extract demonstrated superior efficacy, exhibiting inhibition against all three fungi at higher concentrations (20-30 mg/mL), while the leaf extract showed no activity until 25 mg/mL. At 30 mg/mL, bark extract zones (7-11 mm) approached the positive control (streptomycin, 12-15 mm). The antibacterial screening encompassed ten strains, including Gram-positive (e.g., MRSA, S. aureus) and Gram-negative (e.g., E. coli, K. pneumoniae) bacteria. Bark extracts consistently outperformed leaf extracts, showing broad-spectrum activity against all tested strains except K. pneumoniae at lower doses. The antibacterial activity was also concentration-dependent, with bark extract at 30 mg/mL producing substantial inhibition zones (13-20 mm), comparable in several instances to streptomycin. Leaf extract displayed more selective and generally weaker activity. The negative control (DMSO) showed no effect. Results, expressed as mean ± SD (n=3), indicate that acetone extracts of E. basaal, particularly from the bark, possess significant antimicrobial properties. This preliminary evidence supports the traditional use of Embelia species and warrants further investigation to isolate the active compounds and determine their mechanisms of action.
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Introduction
The relentless escalation of antimicrobial resistance (AMR) represents one of the most formidable global health challenges of the 21st century (WHO, 2021). The efficacy of conventional antibiotics is diminishing at an alarming rate, driven by their misuse and overuse, leading to the proliferation of multidrug-resistant (MDR) pathogens. This crisis is compounded by the slow pipeline of new synthetic antimicrobial drugs, creating an urgent imperative to explore novel therapeutic agents (Ventola, 2015). Among the most promising reservoirs for such discoveries is the vast and chemically diverse kingdom of plants, which have co-evolved with microbes for millennia, producing a sophisticated arsenal of defensive secondary metabolites (Cowan, 1999).

Plants have formed the bedrock of traditional medicinal systems across cultures for centuries (Zafar et al., 1999). Medicinal plants possess numerous properties, viz., antimicrobial, aroma and wound healing, attributed to the presence of various complex chemical substances with different compositions (Byadgi et al., 2018). Ethnobotanical knowledge provides a critical, time-tested roadmap for identifying species with potential bioactivity, significantly streamlining the drug discovery process (Fabricant & Farnsworth, 2001). The genus Embelia, belonging to the family Primulaceae, is one such taxon with a rich history of use in Ayurvedic, Chinese, and other traditional systems. In tropical and subtropical climatic areas across the world, there are numerous species of Embelia (Bajpe et al., 2022). Various Embelia species, notably E. ribes and E. tsjeriam-cottam, are renowned for their anthelmintic, antidiabetic, anti-inflammatory, and antimicrobial properties (Bist and Prasad, 2016). The bioactive potential is largely attributed to the presence of benzoquinones, such as embelin, along with flavonoids, alkaloids, and tannins, which have demonstrated significant pharmacological activities (Joshi et al., 2007). Embelia basaal is a less-studied species within this genus. E. basaal is a highly valued material in many formulations and has strong anthelmintic and antioxidant effects in Ayurvedic medicine (Vennila & Saradha, 2024).  While preliminary investigations hint at its therapeutic potential, a comprehensive and systematic analysis of its antimicrobial properties, particularly using different plant parts and against a broad spectrum of contemporary pathogens, remains underexplored (Chin et al., 2006). Investigating such underutilised species is crucial for expanding the phytotherapeutic arsenal and validating traditional claims with scientific rigour.

The threat posed by resistant microbes is twofold, encompassing both bacteria and fungi (Bhatia and Narain, 2010). On the bacterial front, Gram-positive pathogens like Methicillin-Resistant Staphylococcus aureus (MRSA) and vancomycin-resistant Enterococci (VRE) cause life-threatening hospital- and community-acquired infections (Turner et al., 2019). Equally concerning are MDR Gram-negative bacteria, such as Escherichia coli, Klebsiella pneumoniae, and Enterobacter spp., which are protected by their outer membrane and efflux pump systems, rendering many last-resort antibiotics ineffective (Pendleton et al., 2013). In the fungal domain, the emergence of non-albicans Candida species (e.g., C. tropicalis) and moulds like Aspergillus niger poses a significant challenge, especially in immunocompromised individuals, with growing resistance to azoles and other antifungals (Fisher et al., 2022). This highlights the necessity for broad-spectrum screening that includes both bacterial and fungal models to fully assess a plant extract's potential (Rossolini et al., 2014; Aslam et al., 2018).

The choice of solvent for extraction is a pivotal factor in phytochemical research, as it directly influences the type and quantity of compounds recovered, thereby affecting the observed bioactivity (Ngegba et al., 2018). Acetone, a moderately polar organic solvent, is highly effective at extracting a wide range of intermediate-polarity compounds, including flavonoids, tannins, terpenoids, and quinones (like embelin), while extracting fewer highly polar sugars or proteins and fewer non-polar lipids compared to hexane (Harborne, 1998). This makes it an ideal solvent for a targeted search for antimicrobial phytochemicals, which often fall within this intermediate polarity range. Furthermore, different plant organs—such as leaves, bark, roots, and seeds—often exhibit distinct phytochemical profiles and, consequently, varying biological activities due to their different physiological roles and biosynthetic pathways (Gobbo-Neto & Lopes, 2007). A comparative study of extracts from different parts is therefore essential to identify the most potent source of bioactive compounds.
The Indian variety of Primulaceae, also referred to as Vidanga, is broadly scattered all throughout India, and many therapeutic uses for the genus Embelia have been studied (Deshpande et al., 2011; Agarwal, 1994). Embelia basaal known for its diverse therapeutic applications in traditional medicine. The seeds are primarily used as a vermifuge to expel intestinal worms. The bark of the root is commonly applied to relieve a toothache.  Additionally, a decoction of the leaves is used as a gargle to soothe sore throats and alleviate throat infections. The leaves are also utilised in the preparation of soothing ointments. These traditional uses highlight that the study species has significant activity in various ailments (Bist and Prasad, 2016).
The primary objective of this study is to conduct a systematic in vitro analysis of the antimicrobial efficacy of acetone extracts derived from the leaves and bark of Embelia basaal. The investigation employs the standardised agar well diffusion assay to evaluate and compare the inhibitory potential of these extracts against a panel of ten clinically relevant bacterial pathogens (including both Gram-positive and Gram-negative strains, with a specific focus on MRSA) and three fungal pathogens. By determining the zones of inhibition across a gradient of concentrations (10-30 mg/mL) and comparing them to a standard antibiotic control (streptomycin), this research aims to: (1) validate the traditional antimicrobial use of Embelia species through the specific lens of E. basaal, (2) identify which plant part (leaf or bark) possesses superior antimicrobial activity, (3) assess the spectrum of activity and potency against MDR pathogens, and (4) provide a foundational scientific basis for the further fractionation, isolation, and characterization of the active principles responsible for the observed effects. This work contributes to the global effort to discover new antimicrobial leads from natural sources to combat the escalating AMR crisis.
Materials and Methods

Plant Material Collection and Authentication
Fresh leaves and bark of Embelia basaal were collected from Manjoor Village in the Nilgiri District, Tamil Nadu, India. The plant material was cleaned, and relevant field data (location, habitat) were recorded. A voucher specimen was prepared and submitted for authoritative taxonomic identification to the Southern Regional Centre of the Botanical Survey of India (BSI), Coimbatore. The identity was confirmed, and a voucher specimen number (BSI/SR/5/23/2024/Tech-234) was assigned and deposited for future reference.
Extract Preparation
The collected plant materials (leaves and bark) were shade-dried at room temperature to a constant weight and separately pulverised into a fine powder using an electric grinder. The extraction was carried out using acetone as the solvent via cold maceration. Precisely, 100 grams of each powdered sample were soaked in 500 mL of analytical-grade acetone for 72 hours with intermittent shaking. The resultant extracts were filtered first through muslin cloth and then through Whatman No. 1 filter paper. The filtrates were concentrated under reduced pressure at 40°C using a rotary evaporator. The obtained crude extracts were air-dried to remove residual solvent, yielding a semisolid mass. The extracts were stored in sterile, airtight containers at 4°C until further use. For the antimicrobial assays, stock solutions were prepared by dissolving the extracts in dimethyl sulfoxide (DMSO) to achieve a final concentration of 100 mg/mL, which was subsequently diluted with sterile distilled water to obtain the required test concentrations (10, 15, 20, 25, and 30 mg/mL).
Determination of Antimicrobial Activity
Microbial Test Strains
The antimicrobial activity of the extracts was evaluated against a panel of thirteen clinically significant microbial pathogens. The test organisms comprised ten human pathogenic bacterial strains and three fungal strains. The bacterial panel included five Gram-positive bacteria: Staphylococcus aureus (ATCC 25923), Streptococcus pneumoniae, Enterococcus faecium, Enterococcus faecalis, and Methicillin-Resistant Staphylococcus aureus (MRSA). The five Gram-negative bacteria were: Enterobacter freundii, Enterobacter cloacae, Escherichia coli (ATCC 25922), Klebsiella pneumoniae, and Burkholderia cepacia. The fungal strains tested were Candida albicans (ATCC 10231), Candida tropicalis, and Aspergillus niger. All microbial strains were obtained as pure, characterised cultures from the culture repository of the Department of Molecular Research, Orbito Asia Diagnostic, Coimbatore, India.
Culture Media and Inoculum Preparation
Standard culture media were prepared according to the manufacturer's instructions for optimal growth. Mueller-Hinton Agar (MHA, HiMedia) was used for the cultivation and antimicrobial testing of all bacterial strains. For fungal strains, Potato Dextrose Agar (PDA, HiMedia) was used for routine cultivation, while Sabouraud Dextrose Agar (SDA, HiMedia) was specifically employed for the antifungal disk diffusion assays. All prepared media were sterilised by autoclaving at 121°C for 15 minutes and stored at 4°C until use. For inoculum preparation, a loopful of each microorganism from the stock culture was aseptically streaked onto fresh MHA (for bacteria) or PDA (for fungi) plates and incubated to obtain isolated colonies. A few well-isolated colonies of similar morphology were selected and transferred into sterile normal saline (0.85% NaCl). The turbidity of the resulting suspension was adjusted spectrophotometrically to match the 0.5 McFarland standard, which corresponds to approximately 1–2 x 10^8 Colony Forming Units (CFU) per mL for bacteria and 1–5 x 10^6 CFU/mL for fungal spore suspensions. For Aspergillus niger, conidial spores were harvested from a mature PDA culture using a sterile loop with 0.1% Tween 80 solution to prepare the spore suspension.

Antimicrobial Assay by Agar Disc Diffusion Method
The in vitro antimicrobial activity was determined using the standardised agar disc diffusion method as outlined by the Clinical and Laboratory Standards Institute (CLSI, 2020). Briefly, sterile cotton swabs were dipped into the standardised inoculum suspensions and used to evenly inoculate the entire surface of MHA plates (for bacteria) and SDA plates (for fungi) in three directions to ensure a confluent lawn of growth. The inoculated plates were allowed to dry for 5–10 minutes at room temperature under aseptic conditions. Sterile filter paper discs (6 mm diameter, Whatman No. 1) were impregnated with 20 µL of the test solutions. The test solutions included acetone extracts of E. basaal leaves and bark at five different concentrations: 10, 15, 20, 25, and 30 mg/mL. Negative control discs were impregnated with an equivalent volume of the solvent used for extract preparation (Dimethyl sulfoxide, DMSO). Positive control discs were impregnated with a standard antibiotic, streptomycin (10 µg/disc for bacteria; appropriate concentration confirmed for fungi), to validate the sensitivity of the test organisms. Using sterile forceps, the impregnated discs were gently placed onto the surface of the inoculated agar plates, ensuring firm contact. The plates were left at room temperature for 30 minutes to allow pre-diffusion of the extracts before incubation. The bacterial plates were incubated aerobically at 37°C for 18–24 hours, while the fungal plates were incubated at 28°C for 48 hours. Following incubation, the zones of inhibition, including the diameter of the disc, were measured to the nearest millimeter using a calibrated vernier caliper. The clear, circular area with no visible microbial growth around the disc was considered the zone of inhibition. The experiment was performed in triplicate for each extract concentration against each microorganism to ensure reproducibility. The results were expressed as the mean diameter of the inhibition zone (in mm) ± standard deviation (SD).
Results and Discussion

Antimicrobial activity 
The in vitro antimicrobial evaluation of acetone extracts from the leaves and bark of Embelia basaal revealed significant and differential inhibitory activity against a range of bacterial and fungal pathogens, validating the ethnopharmacological relevance of the genus and highlighting this lesser-studied species as a promising source of bioactive compounds.
Antifungal Activity
The results of the antifungal assay, presented in Table 1, demonstrate a distinct and concentration-dependent activity profile. Notably, the bark extract exhibited superior and broader-spectrum antifungal efficacy compared to the leaf extract. While neither extract showed activity at 10 mg/mL, the bark extract began to inhibit Candida albicans at 15 mg/mL (6 ± 2.6 mm) and showed activity against Aspergillus niger at 20 mg/mL (6 ± 1.5 mm). In contrast, the leaf extract showed no inhibition until 25 mg/mL, and only against C. tropicalis and A. niger. At the highest tested concentration (30 mg/mL), the bark extract inhibited all three fungi, with zones of inhibition measuring 7 ± 1.0 mm (C. tropicalis), 11 ± 1.0 mm (C. albicans), and 10 ± 0.8 mm (A. niger). The leaf extract at 30 mg/mL showed weaker activity. The positive control, streptomycin, produced larger zones, as expected for a pure antibiotic.

This superior activity of the bark extract aligns with findings from other Embelia species. For instance, studies on Embelia ribes have consistently reported that bark and fruit extracts possess stronger antimicrobial properties than leaf extracts, often attributed to a higher concentration of bioactive benzoquinones like embelin (Bist and Prasad, 2016; Joshi et al., 2007). Embelin is known to disrupt fungal cell membranes and inhibit essential enzymes. The observed activity against C. albicans and A. niger is particularly significant given the rising incidence of azole-resistant candidiasis and aspergillosis (Fisher et al., 2022). The delayed and weaker response of the leaf extract suggests a different, perhaps less potent or more complex, phytochemical profile.

Antibacterial Activity
The antibacterial results (Table 2) were even more compelling, showcasing potent and broad-spectrum activity. A clear and consistent trend was observed: the bark extract was markedly more effective than the leaf extract across almost all tested concentrations and bacterial strains. The activity was unequivocally concentration-dependent, with zones of inhibition enlarging as the extract concentration increased from 10 to 30 mg/mL.

Notably, the bark extract demonstrated impressive efficacy against several challenging pathogens. Against Methicillin-Resistant Staphylococcus aureus (MRSA), the bark extract produced an inhibition zone of 18 ± 1.6 mm at 30 mg/mL, a result comparable to the 19 ± 1.7 mm zone produced by the streptomycin control. This is a critical finding, as MRSA represents a major global health threat due to its resistance to beta-lactam antibiotics (Turner et al., 2019). The extract also showed strong activity against other Gram-positive pathogens like Streptococcus pneumoniae (20 ± 1.8 mm at 30 mg/mL) and Enterococcus spp., which are associated with serious nosocomial infections.

Perhaps more significant was the extract's potent activity against Gram-negative bacteria, which are typically more resistant to plant-derived antimicrobials due to their outer membrane permeability barrier (Pendleton et al., 2013). The bark extract was highly effective against Enterobacter cloacae (20 ± 1.5 mm), Escherichia coli (18 ± 1.6 mm), and Burkholderia cepacia (19 ± 1.5 mm) at 30 mg/mL. The activity against Klebsiella pneumoniae was more selective, with the bark extract showing no inhibition at lower concentrations but a moderate effect (13 ± 1.4 mm) at 30 mg/mL, suggesting that the active compounds may struggle to penetrate its particularly robust capsule or are counteracted by specific resistance mechanisms.

The leaf extract displayed selective and generally moderate antibacterial activity. It was surprisingly effective against S. aureus and S. pneumoniae even at 10 mg/mL, but its activity against Gram-negative strains was inconsistent and often weaker than the bark extract. This differential activity between plant parts has been documented in other medicinal plants and is likely due to the compartmentalisation of biosynthetic pathways, where bark tissues often accumulate higher levels of defensive phenolic compounds, alkaloids, and quinones (Gobbo-Neto & Lopes, 2007).

The potency of the E. basaal bark acetone extract, with inhibition zones frequently approaching those of the standard antibiotic streptomycin, underscores its therapeutic potential. The broad-spectrum activity, encompassing resistant Gram-positive (MRSA) and several Gram-negative pathogens, is notable. This efficacy can be attributed to the solvent choice; acetone is proficient at extracting intermediate-polarity antimicrobial compounds like flavonoids, tannins, and most importantly for Embelia, benzoquinones such as embelin (Harborne, 1998). Previous phytochemical studies on E. ribes confirm that such compounds exhibit antimicrobial action by disrupting microbial cell membranes, inhibiting efflux pumps, and interfering with protein synthesis (Joshi et al., 2007). The negative control (DMSO) showed no activity, confirming that the observed zones were due to the plant extracts. The concentration-dependent response further supports a specific phytochemical-mediated mechanism rather than a non-specific effect.
Conclusion

In conclusion, this study provides the first comprehensive report on the antimicrobial profile of Embelia basaal acetone extracts. The results strongly indicate that the bark is a richer source of antimicrobial agents than the leaves, exhibiting significant activity against drug-resistant bacterial and fungal strains. These findings not only validate the traditional use of Embelia species but also specifically position E. basaal bark as a promising candidate for further pharmacognostic investigation. Future work should focus on the bioassay-guided fractionation of the bark extract to isolate and characterise the principal active compounds, determine their minimum inhibitory concentrations (MIC), and elucidate their precise mechanisms of action against priority pathogens like MRSA and MDR Gram-negative bacteria.
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Table 1: In vitro antifungal activity of leaf and bark acetone extracts of Embelia basaal.
	Concentration (10mg/mL)
	Extracts


	Zone of inhibition (mm)

	
	
	Candida tropicalis
	Candida albicans
	Aspergillus niger

	Negative control

(DMSO)
	L
	-
	-
	-

	
	B
	-
	-
	-

	10
	L
	-
	-
	-

	
	B
	-
	-
	-

	15
	L
	-
	-
	-

	
	B
	-
	6±2.6 
	-

	20
	L
	-
	-
	-

	
	B
	-
	7±1.0
	6± 1.5

	25
	L
	3±0.5
	-
	8± 1.2

	
	B
	-
	10±1.2
	6± 1.5

	30
	L
	5± 0.7
	4±0.5
	10± 0.8

	
	B
	7± 1.0
	11±1.0
	10± 0.8

	Positive control

(Streptomycin)
	L
	7± 1.0
	12±0.8
	12± 1.0

	
	B
	12± 1.2
	15±1.5
	13± 0.9


L=Leaf, B-Bark, Values are expressed as mean ± standard deviation (SD) based on triplicate determinations (n = 3).
Table 2: In vitro antibacterial activity of leaf and bark acetone extracts of Embelia basaal.
	Concentration (10mg/mL)
	Extracts


	Zone of inhibition (mm)

	
	
	Staphylococcus aureus

(G+)
	Streptococcus pneumoniae

(G+)
	Enterococcus faecium 

(G+)
	Enterococcus faecalis

(G+)
	Methicillin-Resistant Staphylococcus aureus (G+)
	Enterobacter freundii

(G-)
	Enterobacter cloacae

(G-)
	Escherichia coli

(G-)
	Klebsiella pneumoniae(G-)
	Burkholderia cepacian

(G-)

	Negative control

(DMSO)
	L
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	B
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	10
	L
	6± 1.2
	7± 1.0
	-
	9± 1.0
	8± 0.6
	3± 0.9  
	3± 0.8  
	3± 0.7
	2 ± 0.5
	3± 0.6  

	
	B
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	15
	L
	8± 0.9
	9± 1.3
	6± 0.8
	8± 0.7
	10± 1.0
	6± 0.6
	3 ± 0.6  
	6 ± 0.9  
	6± 0.8  
	5± 0.7

	
	B
	9± 1.4
	14± 1.6
	11± 1.2
	13± 1.2
	14± 1.4
	13± 1.4  
	10± 1.2  
	14 ± 1.4  
	-
	14 ± 1.3

	20
	L
	8± 1.0
	11± 1.1
	12± 1.1
	10± 0.8
	10± 0.8
	9± 0.7
	5± 0.9  
	10± 1.1  
	8± 0.7  
	6± 0.9

	
	B
	11± 1.3
	15± 1.7
	12± 1.3
	16± 1.5
	16± 1.5
	15± 1.1
	14± 1.3
	16± 1.2
	4± 0.6  
	17± 1.5

	25
	L
	12± 1.1
	12± 1.0
	14± 1.4
	11± 0.9
	11± 0.9
	12± 1.5  
	5± 0.7
	13± 1.3
	11± 1.2  
	8± 0.8  

	
	B
	14± 1.5
	18± 1.5
	15± 1.5
	17± 1.4
	15± 1.3
	17± 1.0
	17± 1.5  
	18 ± 1.6
	11± 1.0
	18± 1.6  

	30
	L
	13± 0.8
	14± 1.2
	8± 0.9
	12± 1.0
	9± 0.7
	14± 0.8  
	9± 1.1
	12± 1.0  
	14± 1.3
	13± 1.2  

	
	B
	16± 1.7
	20± 1.8
	18± 1.6
	18± 1.6
	18± 1.6
	19± 1.7  
	18± 1.6  
	20± 1.5  
	13± 1.4
	19± 1.5  

	Positive control

(Streptomycin)
	L
	16± 1.2
	19± 1.3
	20± 1.7
	14± 1.3
	18± 1.6
	20± 1.2
	15± 1.2
	20± 1.3
	20± 1.6  
	18± 1.3

	
	B
	19± 1.6
	22± 2.0
	22± 2.0
	19± 1.8
	19± 1.7
	20± 1.6
	20± 1.4
	22± 1.7
	15± 1.3
	21 ± 1.7


L=Leaf, B-Bark, Values are expressed as mean ± standard deviation (SD) based on triplicate determinations n=3.


