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Abstract:  

Background: Ethnomicrobiology is an emerging interdisciplinary field that integrates indigenous medical knowledge 

with modern microbiological science to identify potential antimicrobial agents from traditional medicinal systems. 

Siddha medicine, one of the oldest systems of South India, extensively utilizes single herbal formulations (Oru 

Thavaram) and rare ethnobotanical plants for the management of infectious diseases. In the era of rising antimicrobial 

resistance, such traditional knowledge systems are gaining renewed scientific importance. 

Objective: To explore the ethnomicrobiological relevance of Siddha medicine by evaluating selected single herbal 

medicinal plants and rare ethnobotanical species for their antimicrobial potential and their role in bridging indigenous 

knowledge with modern science. 

Materials and Methods: A narrative evidence-based review was conducted using scientific databases including 

PubMed, Scopus, Web of Science, ScienceDirect, Google Scholar, MEDLINE, SpringerLink, and AYUSH Research 

Portal. Classical Siddha literature and ethnobotanical sources were also reviewed. Studies published between 2000 and 

2025 reporting antimicrobial, antiviral, antifungal, or immunomodulatory activities of selected Siddha medicinal 

plants were included. Data on phytochemical composition, antimicrobial spectrum, and mechanisms of action were 

systematically extracted and synthesized. 

Results: The review identified significant antimicrobial potential among commonly used Siddha single herbal plants 

such as Azadirachta indica, Ocimum tenuiflorum, Aloe vera, Phyllanthus emblica, and Tinospora cordifolia. 

Additionally, rare ethnobotanical plants including Salacia reticulata, Gymnema sylvestre, Aegle marmelos, Syzygium 

cumini, and Rauvolfia serpentina demonstrated promising antimicrobial and immunomodulatory activities. These 

plants contain diverse phytochemicals such as flavonoids, alkaloids, tannins, terpenoids, and glycosides that act 

through multiple mechanisms including membrane disruption, inhibition of microbial enzymes, suppression of 

virulence factors, and prevention of biofilm formation. The findings highlight strong concordance between traditional 

Siddha ethnomicrobiological knowledge and recent scientific evidence supporting multi-target antimicrobial action. 

Conclusion: Siddha ethnomicrobiology provides a valuable bridge between indigenous knowledge and modern 

antimicrobial drug discovery. Both commonly used and rare medicinal plants exhibit significant antimicrobial 

potential; however, further standardization, mechanistic studies, and clinical validation are essential for translational 

application. 

Keywords: Ethnomicrobiology; Siddha medicine; Oru Thavaram; antimicrobial plants; medicinal herbs; 

phytochemicals; drug discovery; traditional knowledge; antimicrobial resistance; natural products. 
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Introduction: 

Ethnomicrobiology is an emerging interdisciplinary field 

that explores the relationship between traditional microbial 

knowledge systems and modern microbiological science, 

particularly focusing on how indigenous medical practices 

utilize natural resources to prevent and treat infectious 

diseases (1,2). In the context of increasing antimicrobial 

resistance and the resurgence of infectious diseases, there is 

growing global interest in documenting and validating 

traditional ethnomedical practices as potential sources of 

novel antimicrobial agents (3,4). Indigenous systems of 

medicine, including Siddha medicine, provide a rich 

repository of ethnomicrobiological knowledge derived from 

centuries of empirical observation and therapeutic 

application. 

Siddha medicine, one of the oldest traditional medical 

systems of South India, is deeply rooted in the use of 

medicinal plants for the management of infectious and 

chronic diseases (5). Classical Siddha literature documents 

extensive use of single herbal drugs (Oru Thavaram 

therapy), where individual plant species are employed for 

their specific antimicrobial, anti-inflammatory, and 

immunomodulatory properties. This approach reflects an 

early form of targeted antimicrobial therapy based on 

empirical ethnobotanical knowledge (6). Several single 

medicinal plants used in Siddha practice have demonstrated 

significant antimicrobial activity against bacterial, viral, and 

fungal pathogens in modern scientific studies. 

Among commonly studied Siddha medicinal plants, Neem 

(Azadirachta indica), Holy Basil (Ocimum tenuiflorum), 

Aloe vera (Aloe barbadensis), Indian Gooseberry 

(Phyllanthus emblica), and Giloy (Tinospora cordifolia) 

have been extensively reported for their broad-spectrum 

antimicrobial and immunomodulatory activities (7–9). 

These plants contain bioactive compounds such as 

flavonoids, alkaloids, tannins, terpenoids, and phenolic 

compounds that exhibit inhibitory effects on microbial 

growth, biofilm formation, and virulence factors. Their 

traditional use in Siddha medicine for fever, respiratory 

infections, gastrointestinal disorders, and skin infections 

highlights their relevance in ethnomicrobiological studies. 

In addition to commonly known medicinal plants, Siddha 

medicine also includes several rare and ethnobotanically 

significant plants with potential antimicrobial properties. 

Plants such as Salacia reticulata, Gymnema sylvestre, Aegle 

marmelos, Syzygium cumini, and Rauvolfia serpentina are 

traditionally used in Siddha formulations and are 

increasingly being studied for their antimicrobial, 

antidiabetic, and anti-inflammatory activities (10–12). 

Although some of these plants are primarily known for 

metabolic or systemic disorders, emerging evidence 

suggests that they also possess significant antimicrobial 

potential that may contribute to infection control and 

immune modulation. 

The integration of ethnomicrobiological knowledge from 

Siddha medicine with modern scientific methodologies such 

as phytochemical screening, molecular docking, 

metagenomics, and antimicrobial susceptibility testing 

provides a promising pathway for drug discovery and 

development (13,14). Such integration can help validate 

traditional claims, identify novel antimicrobial compounds, 

and address the global challenge of drug-resistant infections. 

Furthermore, ethnomicrobiological studies also contribute to 

biodiversity conservation and sustainable utilization of 

medicinal plant resources. 

Despite increasing scientific interest, challenges remain in 

standardizing extraction methods, validating traditional 

claims through rigorous clinical studies, and conserving rare 

medicinal plant species that are overexploited due to 

commercial demand (15,16). Addressing these challenges 

requires collaborative efforts between ethnobotanists, 

microbiologists, pharmacologists, and traditional Siddha 

practitioners to ensure evidence-based development of 

plant-derived antimicrobial agents. 

Therefore, the aim of this review is to explore 

ethnomicrobiology in Siddha medicine as a bridge between 

indigenous knowledge and modern science, with special 

emphasis on selected single herbal medicinal plants and rare 

ethnobotanical species, and to evaluate their potential role in 

antimicrobial drug discovery and infectious disease 

management. 

Materials and Methods: 

This review was conducted to explore ethnomicrobiology 

in Siddha medicine as a bridge between indigenous 

knowledge and modern microbiological science, with 

special emphasis on selected single herbal medicinal 

plants (Oru Thavaram therapy) and rare 

ethnobotanically important plant species used in Siddha 

practice. The study adopted an evidence-based narrative 

review design integrating classical Siddha literature, 

ethnobotanical records, and contemporary microbiological 

and pharmacological research. 

A comprehensive literature search was carried out using 

major scientific databases including PubMed, Scopus, Web 

of Science, ScienceDirect, Google Scholar, MEDLINE, 

SpringerLink, and the AYUSH Research Portal. In addition, 

authoritative Siddha references such as Siddha Materia 

Medica, Siddha Formulary of India, classical Tamil medical 

texts, and publications from the Ministry of AYUSH and 

National Institute of Siddha were consulted. The search 

covered publications from 2000 to 2025 to ensure inclusion 

of both traditional knowledge systems and recent scientific 

evidence. 
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The search strategy used combinations of keywords and 

MeSH terms such as “ethnomicrobiology,” “Siddha 

medicine,” “single herbal drug,” “Oru Thavaram,” 

“Azadirachta indica antimicrobial,” “Ocimum tenuiflorum 

infection,” “Tinospora cordifolia immunity,” “Aloe vera 

antimicrobial,” “Phyllanthus emblica antibacterial,” “Salacia 

reticulata,” “Gymnema sylvestre,” “Aegle marmelos,” 

“Syzygium cumini,” “Rauvolfia serpentina,” “medicinal 

plants antimicrobial activity,” “bioactive compounds,” and 

“natural product drug discovery,” using Boolean operators 

(AND, OR) to refine results. 

Studies were included if they reported antimicrobial, 

antiviral, antifungal, or immunomodulatory activities of 

Siddha-relevant medicinal plants, described ethnomedical 

usage in Siddha or related traditional systems, or provided 

phytochemical, molecular, or pharmacological evidence 

supporting their antimicrobial potential. Both experimental 

studies (in vitro, in vivo), clinical observations, 

ethnobotanical surveys, and systematic reviews were 

considered. Studies lacking full-text availability, unrelated 

to microbial activity, or not relevant to Siddha 

ethnomedicine were excluded. 

Data extraction was performed systematically using a 

structured format to collect information on plant identity, 

traditional Siddha usage, plant parts used, preparation 

methods, phytochemical constituents, antimicrobial 

spectrum, mechanism of action, and reported activity against 

bacterial, viral, or fungal pathogens. Special attention was 

given to single-plant therapeutic applications (Oru 

Thavaram) and rare medicinal plants used in Siddha 

practice. 

The extracted data were analyzed qualitatively and 

synthesized thematically under categories such as (i) 

commonly used Siddha single herbal antimicrobial plants, 

(ii) rare and ethnobotanically significant medicinal plants, 

(iii) phytochemical constituents and their antimicrobial 

mechanisms, and (iv) correlation between traditional Siddha 

knowledge and modern ethnomicrobiological evidence. The 

findings were presented in a narrative format to highlight the 

integration of indigenous Siddha knowledge with modern 

microbiological science for potential drug discovery and 

infectious disease management. 

Results: 

The review of ethnomicrobiology in Siddha medicine 

identified strong evidence supporting the antimicrobial 

relevance of both commonly used single herbal drugs 

(Oru Thavaram) and rare ethnobotanical medicinal 

plants. The findings demonstrate that Siddha medicine 

employs a targeted plant-based approach for infection 

management, where individual herbs are selected for their 

specific antimicrobial, antiviral, anti-inflammatory, and 

immunomodulatory properties. 

The analysis revealed that widely used single herbal 

medicinal plants such as Neem (Azadirachta indica), Holy 

Basil (Ocimum tenuiflorum), Aloe vera (Aloe 

barbadensis), Indian Gooseberry (Phyllanthus emblica), 

and Giloy (Tinospora cordifolia) exhibit broad-spectrum 

antimicrobial activity. These plants were reported to inhibit 

bacterial growth, reduce viral replication, suppress fungal 

proliferation, and interfere with microbial virulence 

mechanisms. The antimicrobial effects were primarily 

attributed to phytochemical constituents such as flavonoids, 

alkaloids, tannins, phenolic compounds, and terpenoids, 

which act through multiple mechanisms including disruption 

of microbial cell membranes, inhibition of enzyme systems, 

suppression of nucleic acid synthesis, and prevention of 

biofilm formation. 

The review further identified several rare and 

ethnobotanically significant medicinal plants used in 

Siddha practice that demonstrate promising antimicrobial 

potential. Plants such as Salacia reticulata, Gymnema 

sylvestre, Aegle marmelos, Syzygium cumini, and 

Rauvolfia serpentina were found to possess significant 

bioactive properties. Although traditionally used for 

metabolic and systemic disorders, these plants also showed 

antibacterial, antifungal, and immunomodulatory effects in 

experimental studies. Their antimicrobial activity was 

associated with the presence of secondary metabolites such 

as glycosides, saponins, flavonoids, and triterpenoids. 

The results also highlighted that Siddha ethnomicrobiology 

emphasizes the concept of single-herb therapeutic 

specificity, where individual plants are used for targeted 

infection-related conditions. This approach differs from 

polyherbal formulations and allows clearer identification of 

pharmacological activity linked to specific plant species. For 

example, Neem and Tulsi were frequently associated with 

skin and respiratory infections, while Amla and Giloy were 

linked with systemic immunity enhancement and fever 

management. 

Phytochemical analysis across studies consistently 

demonstrated that Siddha medicinal plants contain diverse 

bioactive compounds with strong antimicrobial potential. 

These compounds act synergistically to inhibit microbial 

adhesion, disrupt quorum sensing, prevent biofilm 

formation, and enhance host immune response. 

Additionally, several plants exhibited strong antioxidant 

activity, which indirectly contributes to infection control by 

reducing oxidative stress-induced tissue damage during 

microbial infections. 

Overall, the findings indicate that Siddha ethnomicrobiology 

provides a scientifically relevant framework for 

antimicrobial drug discovery. The combination of 

commonly used single herbal drugs and rare medicinal 

plants offers a rich source of bioactive compounds with 

potential applications in modern infectious disease 

management. However, the review also highlights the need 
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for further standardization, mechanistic studies, and clinical 

validation to fully translate these traditional knowledge 

systems into evidence-based antimicrobial therapies. 

 

Table 1. Common Siddha Single Herbal (Oru Thavaram) Antimicrobial Plants 

Plant Siddha Use Reported Activity Key Mechanism 

Azadirachta indica (Neem) Skin, infections, fever Broad-spectrum antibacterial, 

antiviral 

Membrane disruption, enzyme 

inhibition 

Ocimum tenuiflorum (Tulsi) Respiratory infections Antibacterial, antiviral Immunomodulation, oxidative stress 

reduction 

Aloe vera Wound infections Antibacterial, antifungal Tissue healing, microbial inhibition 

Phyllanthus emblica (Amla) Immunity enhancement Antioxidant, antibacterial Free radical scavenging 

Tinospora cordifolia (Giloy) Fever, immunity Immunomodulatory, antimicrobial Macrophage activation 

 

Table 2. Rare Siddha Ethnomedicinal Plants with Antimicrobial Potential 

Plant Traditional Relevance Observed Activity Key Compounds 

Salacia reticulata Metabolic & systemic disorders Antibacterial, anti-inflammatory Triterpenoids 

Gymnema sylvestre Metabolic balance Antimicrobial, immunomodulatory Saponins 

Aegle marmelos Gastrointestinal diseases Antibacterial, antiviral Coumarins, alkaloids 

Syzygium cumini Diabetes & infections Antioxidant, antibacterial Flavonoids 

Rauvolfia serpentina Neurological conditions Antimicrobial, sedative effects Alkaloids 

 

Table 3. Major Antimicrobial Mechanisms of Siddha Medicinal Plants 

Mechanism Effect on Microbes 

Cell membrane disruption Loss of cell integrity and lysis 

Enzyme inhibition Blockage of microbial metabolism 

DNA/RNA synthesis inhibition Suppression of replication 

Biofilm inhibition Reduced microbial colonization 

Quorum sensing disruption Reduced virulence expression 

Immunomodulation Enhanced host defense response 

 

Table 4. Key Findings Summary 

Category Observation 

Single herbal drugs Strong targeted antimicrobial activity 

Rare medicinal plants Emerging antimicrobial potential 

Phytochemicals Flavonoids, alkaloids, tannins dominant 

Mechanism Multi-target antimicrobial action 

Overall relevance Strong potential for drug discovery and ethnomicrobiology integration 
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Discussion: 

The present review on ethnomicrobiology in Siddha 

medicine demonstrates that indigenous knowledge systems 

provide a scientifically relevant foundation for antimicrobial 

drug discovery, particularly through single herbal (Oru 

Thavaram) therapies and rare ethnobotanical medicinal 

plants. The findings indicate that Siddha medicinal plants 

exhibit broad-spectrum antimicrobial, antiviral, and 

immunomodulatory activities, supporting their traditional 

use in infectious disease management (17,18). In the context 

of increasing antimicrobial resistance, such plant-based 

systems are gaining renewed attention as alternative or 

adjunct therapeutic options (19,20). 

Recent studies in natural product microbiology have 

similarly emphasized that plant-derived secondary 

metabolites such as flavonoids, alkaloids, tannins, and 

terpenoids exert multi-target antimicrobial effects, including 

disruption of bacterial membranes, inhibition of efflux 

pumps, and interference with quorum sensing pathways 

(21,22). This aligns strongly with the findings of the present 

review, where Siddha plants such as Azadirachta indica, 

Ocimum tenuiflorum, and Tinospora cordifolia 

demonstrated comparable mechanisms of action. A recent 

comparative study on herbal antimicrobials reported that 

multi-component phytochemicals reduce microbial 

resistance development more effectively than single-target 

synthetic antibiotics (23), which supports the 

ethnomicrobiological rationale of Siddha single herbal 

therapy. 

Furthermore, recent ethnopharmacological investigations 

have highlighted the growing importance of rare medicinal 

plants in antimicrobial drug discovery pipelines (24). Plants 

such as Salacia reticulata, Gymnema sylvestre, and 

Syzygium cumini—included in this review—have also been 

reported in recent literature to possess significant 

antibacterial and anti-inflammatory activities, particularly 

against drug-resistant strains (25,26). These findings are 

consistent with the present review, which identified similar 

antimicrobial potential and phytochemical richness in these 

species. However, recent studies also emphasize that most 

rare medicinal plants remain underexplored in clinical 

settings, with limited pharmacokinetic and toxicity data 

(27). 

A key comparative insight from recent literature is the shift 

from single-target antimicrobial strategies to multi-target 

network pharmacology approaches. Modern studies 

suggest that plant-based compounds act on multiple 

bacterial pathways simultaneously, including membrane 

integrity, DNA replication, and virulence regulation (28). 

This is consistent with Siddha ethnomicrobiology, where 

single herbs are traditionally used for systemic infection 

control rather than isolated molecular targeting. A recent 

network pharmacology study on Tinospora cordifolia 

demonstrated immune enhancement through modulation of 

NF-κB and cytokine signaling pathways (29), which 

corroborates Siddha claims of its immunomodulatory role. 

Another important comparison relates to antimicrobial 

resistance. Recent global reports highlight that conventional 

antibiotics are losing efficacy due to rapid emergence of 

multidrug-resistant organisms (30). In contrast, plant-based 

systems such as Siddha medicine provide chemically diverse 

bioactive compounds that reduce selective pressure for 

resistance development (31). This supports the 

ethnomicrobiological relevance of Siddha herbal therapy as 

a sustainable source of antimicrobial agents. 

Despite these promising correlations, recent literature also 

highlights several limitations that align with the present 

review findings. These include lack of standardized 

extraction methods, variability in phytochemical 

composition, insufficient clinical trials, and limited 

toxicological profiling (32,33). Therefore, although Siddha 

ethnomicrobiology provides a strong conceptual and 

experimental basis for antimicrobial research, translational 

gaps remain between traditional use and modern clinical 

application. 

Overall, the comparison with recent scientific literature 

confirms that Siddha ethnomicrobiology is consistent with 

modern antimicrobial research trends, particularly in terms 

of multi-target drug action, phytochemical diversity, and 

resistance-modulating potential. However, systematic 

clinical validation and molecular-level mechanistic studies 

are essential to fully integrate these traditional practices into 

evidence-based antimicrobial drug development. 

 

Table 5. Comparison of Siddha Ethnomicrobiology with Recent Scientific Literature 

Aspect Siddha Ethnomicrobiology Recent Scientific Findings Agreement 

Antimicrobial strategy Single herbal (Oru Thavaram) therapy Multi-target phytochemical action Strong 

Mechanism of action Holistic immune + microbial inhibition Membrane disruption, quorum sensing inhibition Strong 

Resistance management Low resistance development concept Reduced resistance with phytochemicals Strong 

Rare plants usage Traditional ethnobotanical knowledge Underexplored antimicrobial potential Moderate–Strong 

Clinical validation Limited structured trials Increasing clinical research demand Gap identified 

Drug discovery relevance Empirical ethnomedicine base Network pharmacology integration Strong 
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Table 6. Comparative Antimicrobial Evidence of Selected Siddha Plants vs Recent Studies 

Plant Siddha Claim Recent Scientific Evidence Key Mechanism 

Azadirachta indica Broad infection control Effective against MDR bacteria (2023 studies) Membrane disruption 

Ocimum tenuiflorum Respiratory infection relief Antiviral activity confirmed in vitro Immunomodulation 

Tinospora cordifolia Immunity booster NF-κB pathway modulation Cytokine regulation 

Aegle marmelos GI infections Antibacterial against enteric pathogens DNA inhibition 

Syzygium cumini Infection + metabolic use Antioxidant + antibacterial effects ROS suppression 

Salacia reticulata Traditional systemic use Emerging antimicrobial reports Triterpenoid activity 
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