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Abstract 

                 The rise of multidrug-resistant microbial pathogens has renewed interest in medicinal 

plants as a source of natural antimicrobial agents. Xanthium strumarium L., a widely used 

ethnomedicinal plant, is known for its diverse bioactive phytochemicals. This study investigates 

the phytochemical composition and antimicrobial potential of X. strumarium L. using 

ultrasonication-assisted extraction (UAE) to enhance bioactive compound recovery. Qualitative 

and quantitative analyses revealed the presence of alkaloids, flavonoids, phenolics, tannins, 

saponins, and glycosides, with ethanolic extracts showing the highest concentrations. 

Antimicrobial assays against Escherichia coli, Staphylococcus aureus, Bacillus subtilis, and 

Candida albicans demonstrated significant inhibitory activity, correlating strongly with flavonoid 

and phenolic content. The results validate the traditional medicinal uses of X. strumarium L. and 

highlight its phytochemicals as effective natural antimicrobial agents. 
Keywords: Xanthium strumarium, phytochemicals, antimicrobial activity, secondary metabolites, 

ultrasonication. 

 

1. Introduction:                                                                                                                                                              

The rapid emergence of microbial resistance to conventional antibiotics has become a major global 

health concern, necessitating the exploration of alternative and effective antimicrobial agents. In 

this context, medicinal plants have gained renewed scientific attention due to their rich reservoir of 

bioactive phytochemicals capable of inhibiting pathogenic microorganisms. Plant-derived 

secondary metabolites such as alkaloids, flavonoids, phenolics, tannins, saponins, and glycosides 

are known to exhibit broad-spectrum antimicrobial activity through diverse mechanisms, including 
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disruption of microbial cell walls, inhibition of enzyme systems, and interference with nucleic acid 

synthesis (Matei AT, et al., 2025). 

Xanthium strumarium L., commonly known as cocklebur, belongs to the family Asteraceae and is 

widely distributed across tropical and subtropical regions. The plant has been extensively used in 

traditional medicine systems for the treatment of skin infections, inflammation, wounds, fever, and 

microbial diseases (Fakudze NT, et al., 2023). Various parts of the plant, particularly leaves and 

stems, are reported to contain biologically active compounds with therapeutic potential. Despite its 

ethnomedicinal importance, scientific validation of its antimicrobial efficacy in relation to specific 

phytochemical constituents remains limited (Fan W, et al., 2019). 

Recent advancements in extraction technologies have significantly improved the recovery 

of plant bioactive compounds. Ultrasonication-Assisted Extraction (UAE) has emerged as an 

efficient and environmentally friendly technique that enhances the release of intracellular 

phytochemicals by disrupting plant cell walls through acoustic cavitation. This method offers 

advantages such as reduced extraction time, lower solvent consumption, and improved yield of 

thermolabile compounds compared to conventional extraction methods (Islam M, et al., 2023). 

Understanding the relationship between phytochemical composition and antimicrobial 

activity is crucial for identifying plants with potential pharmaceutical applications. Establishing 

such correlations not only validates traditional medicinal claims but also aids in the development 

of plant-based antimicrobial formulations. Therefore, the present study focuses on the 

comprehensive evaluation of bioactive phytochemicals present in X. strumarium L. and their role 

as natural weapons against selected bacterial and fungal pathogens, using Ultrasonication-Assisted 

Extraction to optimize bioactive recovery (Vaou N, et al., 2021). 

 

2. Literature Review 

Sofowora A. (1993) reported that medicinal plants are important sources of therapeutic 

agents due to their rich diversity of bioactive phytochemicals and long history of use in traditional 

medicine. Cowan (1999) studied plant-derived secondary metabolites and reported that compounds 

such as alkaloids, flavonoids, phenolics, tannins, saponins, and glycosides possess strong 

antimicrobial activity by disrupting microbial cell membranes, inhibiting enzymatic functions, and 
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interfering with nucleic acid synthesis. He further emphasized the potential of plant-based 

compounds as alternatives to synthetic antimicrobial agents. Ahmed et al. (2020) analysed 

Xanthium strumarium L. (Asteraceae) and reported that the plant contains diverse bioactive 

phytochemicals including flavonoids, phenolic compounds, sesquiterpene lactones, and alkaloids, 

which are responsible for its various biological and medicinal activities. The authors also 

highlighted the traditional use of the plant in treating skin infections, wounds, inflammation, fever, 

and microbial diseases. Suresh et al. (2018) investigated the antimicrobial activity of crude extracts 

of X. strumarium and demonstrated significant antibacterial and antifungal effects against both 

Gram-positive and Gram-negative microorganisms. Their study reported that ethanol and aqueous 

extracts were more effective due to their ability to extract polar bioactive compounds. However, 

the study mainly focused on antimicrobial screening without establishing a clear correlation 

between phytochemical content and antimicrobial efficacy. 

Patil et al. (2021) reviewed advanced extraction techniques and reported that 

Ultrasonication-Assisted Extraction (UAE) is an efficient and eco-friendly method for enhancing 

phytochemical recovery. The authors explained that UAE improves extraction efficiency by 

disrupting plant cell walls through acoustic cavitation, while reducing extraction time and 

degradation of heat-sensitive compounds. Despite these advantages, limited studies have applied 

UAE specifically to X. strumarium for antimicrobial evaluation. 

The present research addresses these gaps by employing UAE to obtain phytochemically 

rich extracts from both leaves and stems of X. strumarium L. and by establishing a direct 

correlation between phytochemical content and antimicrobial activity. This study provides 

scientific validation for the traditional use of the plant and supports its potential as a natural source 

of antimicrobial agents. 

 

3. Materials and Methods                                                                                                                                                    

Plant Material Collection: Fresh leaves and stems of X. strumarium L. were collected from 

Nandurbar district and authenticated by a plant taxonomist Prof. Dr. M. B. Patil. Voucher 

specimens were deposited in the departmental herbarium. 
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Ultrasonication Assisted Extraction (UAE): Dried leaves and stems of X. strumarium L. were 

separately powdered using a mechanical grinder and sieved to obtain uniform particle size. Five 

grams of each powdered sample were mixed with 50 mL of petroleum ether, chloroform, ethanol, 

and distilled water. The mixtures were subjected to ultrasonication-assisted extraction using an 

ultrasonic bath at 35 kHz and 30 ± 2°C for 30 minutes to enhance phytochemical release. 

Ultrasonication facilitated the disruption of plant cell walls through acoustic cavitation, enhancing 

the release of intracellular bioactive phytochemicals into the solvent. (Patil, P. S., et al., 2021) 

After sonication, the extracts were cooled, filtered through Whatman No. 1 filter paper, and 

concentrated under reduced pressure using a rotary evaporator. The dried extracts were weighed 

and stored at 4°C for further analysis. (Kumar A, et al., 2023). 

 

           
Fig. 1. X. Strumarium L. Whole Plant       Fig. 2.  X. strumarium L. Plant parts 

 

Phytochemical Analysis 

Qualitative Phytochemical Screening: Preliminary phytochemical analysis revealed the presence 

of various secondary metabolites in both leaves and stem extracts. The intensity of phytochemical 

presence varied according to solvent polarity. 
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Test for Alkaloids (Mayer’s Test): About 2 mL of plant extract was taken in a test tube and a few 

drops of Mayer’s reagent were added. The formation of a cream or pale-yellow precipitate 

indicated the presence of alkaloids. 

Test for Flavonoids (Shinoda Test): To 2 mL of plant extract, a small amount of magnesium 

turnings was added, followed by the careful addition of a few drops of concentrated hydrochloric 

acid. The appearance of a pink, crimson, or red coloration confirmed the presence of flavonoids. 

Test for Phenolics and Tannins (Ferric Chloride Test): To 2 mL of plant extract, 2-3 drops of 5% 

ferric chloride solution were added. The formation of a blue, green, or black coloration indicated 

the presence of phenolic compounds and tannins. 

Test for Saponins (Froth Test): About 2 mL of plant extract was diluted with 5 mL of distilled 

water and shaken vigorously for 2 minutes. The formation of a stable froth persisting for more than 

10 minutes indicated the presence of saponins. 

Test for Glycosides (Keller-Kiliani Test): To 2 mL of plant extract, 1 mL of glacial acetic acid 

containing a trace amount of ferric chloride was added. This mixture was carefully underlaid with 

1 mL of concentrated sulfuric acid along the side of the test tube. The appearance of a brown ring 

at the interface confirmed the presence of cardiac glycosides.  

 

Quantitative Phytochemical Estimation:  

Determination of Total Phenolic Content (TPC): Total phenolic content was estimated using the 

Folin Ciocalteu method. Absorbance was measured at 765 nm using a UV-Visible 

spectrophotometer, and results were expressed as mg gallic acid equivalents (GAE) per gram of 

extract. 

Determination of Total Flavonoid Content (TFC): Total flavonoid content was determined by the 

aluminium chloride colorimetric method. Absorbance was recorded at 415 nm, and results were 

expressed as mg quercetin equivalents (QE) per gram of extract. 

Estimation of Alkaloid Content: Total alkaloid content was determined following standard 

gravimetric procedures and expressed as mg/g of dry extract (Harborne JB, 1998). 
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Antimicrobial Activity: The antimicrobial activity of Xanthium strumarium L. leaf and stem 

extracts was evaluated against selected pathogenic microorganisms: 

Bacterial strain: Gram- bacterium: Escherichia coli, Gram+ bacteria: Staphylococcus aureus, 

Bacillus subtilis. 

Fungal strain: Candida albicans 

All microbial cultures were obtained from a recognized microbiology laboratory and 

maintained on appropriate culture media under standard conditions (Beyatli A, 2024). 

Preparation of Extracts for Antimicrobial Assay: Ultrasonication-assisted extracts of leaves and 

stems were prepared using ethanol, distilled water, chloroform, and petroleum ether. The dried 

extracts were re-dissolved in their respective solvents to obtain known concentrations and filtered 

through sterile filters before use. Medicinal plants have been the main source of therapeutic 

remedies since ancient times, despite their crucial significance in modern medicine. Medicinal 

plants may be a viable substitute for inefficient antibiotics in the fight against infectious diseases, 

according to a few scientific studies published over the previous thirty years (Abdallah EM, et al., 

2023). 

Agar Well Diffusion Method: The antimicrobial activity was assessed using the agar well 

diffusion method. Nutrient agar plates (for bacteria) and Sabouraud dextrose agar plates (for fungi) 

were prepared and sterilized. Fresh microbial suspensions were evenly spread over the agar surface 

using sterile cotton swabs. Wells of 6 mm diameter were aseptically punched into the agar using a 

sterile corkborer. A fixed volume of each plant extract was carefully introduced into the wells. 

Plates were incubated at: 37°C for 24 hours for bacterial strains, 28°C for 48 hours for Candida 

albicans After incubation, the zones of inhibition around the wells were measured in millimetres 

(mm). 

Controls: 

Positive control: Standard antibiotic Ampicillin (for bacterial strains). 

Negative control: Corresponding extraction solvent (ethanol, distilled water, chloroform, or 

petroleum ether). The use of controls ensured the reliability and validity of the antimicrobial assay 

(Balouiri M, et al.,2016). 
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Minimum Inhibitory Concentration (MIC): The Minimum Inhibitory Concentration (MIC) of 

the leaf and stem extracts was determined using the broth dilution method. Serial dilutions of each 

extract were prepared in sterile nutrient broth. A standardized inoculum of each test 

microorganism was added to the tubes. The tubes were incubated under appropriate conditions. 

The MIC was defined as the lowest concentration of extract that showed no visible microbial 

growth after incubation. (Elshobary ME, et al., 2025) 

 

4. Result and Discussions:  

Phytochemical Analysis of Xanthium strumarium L.: Ultrasonication-assisted extraction of 

leaves and stems of Xanthium strumarium L. using solvents of varying polarity resulted in the 

recovery of diverse bioactive phytochemicals. The phytochemical profile varied significantly 

depending on the plant part and extraction solvent. 

Qualitative Phytochemical Analysis: Qualitative screening confirmed the presence of major 

secondary metabolites such as alkaloids, flavonoids, phenolics, tannins, saponins, and glycosides 

in the extracts. Ethanolic extracts exhibited the richest phytochemical profile, particularly in leaf 

samples. 

Table 1: Qualitative phytochemical constituents of X. strumarium L. 

Phytochemical Water Ethanol Chloroform Petroleum ether 

Leaves 

Alkaloids + ++ + + 

Flavonoids ++ +++ + - 

Phenolics & Tannins ++ +++ + - 

Saponins + ++ - - 

Glycosides + ++ + - 

Stems 

Alkaloids + ++ + + 

Flavonoids + ++ + - 

Phenolics & Tannins + ++ + - 

Saponins + + - - 

Glycosides + + + - 

(+ present, ++ moderately present, +++ strongly present, - absent) 

          Leaves showed a higher intensity of phytochemicals than stems. Ethanolic extracts displayed 

strong presence (+++) of flavonoids and phenolics, indicating efficient extraction by 
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ultrasonication. Petroleum ether extracts contained minimal phytochemicals, mainly non-polar 

compounds. 

Quantitative Phytochemical Analysis: Quantitative estimation revealed significant variations in 

total phenolic, flavonoid, and alkaloid content among different extracts. 

Table 2: Quantitative phytochemical constituents of X. strumarium L. 

Extract 
Plant 

Part 

Total Phenolics (mg 

GAE/g) 

Total Flavonoids (mg 

QE/g) 

Alkaloids 

(mg/g) 

Distilled 

Water 

Leaves 74 ± 1.5 68 ± 1.3 20 ± 0.9 

Stems 61 ± 1.2 55 ± 1.1 17 ± 0.8 

Ethanol 
Leaves 92 ± 2.0 82 ± 1.7 28 ± 1.1 

Stems 78 ± 1.6 69 ± 1.4 22 ± 1.0 

Chloroform 
Leaves 48 ± 1.1 42 ± 1.0 15 ± 0.7 

Stems 39 ± 0.9 35 ± 0.8 12 ± 0.6 

Petroleum 

Ether 

Leaves 22 ± 0.6 18 ± 0.5 8 ± 0.4 

Stems 17 ± 0.5 14 ± 0.4 6 ± 0.3 

 

Ethanolic leaf extracts showed maximum phenolic and flavonoid content. Leaves 

consistently contained higher levels of phytochemicals than stems. Ultrasonication significantly 

enhanced the extraction of bioactive compounds, especially polar metabolites. 

Antimicrobial Activity: The antimicrobial activity of leaf and stem extracts was evaluated against 

selected bacterial and fungal pathogens. The results are expressed as zones of inhibition (mm). 

Table 3: Antibacterial activity of X. strumarium L. extracts 

Extract Plant part E. coli S. aureus B. subtilis 

Distilled water Leaves 16 ± 0.8 18 ± 0.9 17 ± 0.8 
 Stems 13 ± 0.7 15 ± 0.8 14 ± 0.7 

Ethanol 
Leaves 21 ± 1.1 24 ± 1.2 22 ± 1.0 

Stems 18 ± 0.9 20 ± 1.0 19 ± 0.9 

Chloroform Leaves 14 ± 0.7 16 ± 0.8 15 ± 0.7 
 Stems 11 ± 0.6 13 ± 0.7 12 ± 0.6 

Petroleum ether Leaves 10 ± 0.5 12 ± 0.6 11 ± 0.5 
 Stems 8 ± 0.4 10 ± 0.5 9 ± 0.4 

 

Leaf extracts showed significantly higher antimicrobial activity than stem extracts. 

Ethanolic extracts exhibited the strongest antibacterial and antifungal effects, correlating with 
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higher phytochemical content. Petroleum ether extracts showed minimal activity, suggesting that 

non-polar compounds play a limited role in antimicrobial efficacy. The results clearly demonstrate 

that ultrasonication-assisted ethanolic extracts of Xanthium strumarium L. leaves are rich in 

bioactive phytochemicals and exhibit significant antimicrobial activity, confirming the role of 

secondary metabolites as natural weapons against microbial pathogens. 

Table 4: Antifungal activity against Candida albicans 

Extract Plant part Zone of inhibition (mm) 

Distilled water Leaves 15 ± 0.7 
 Stems 12 ± 0.6 

Ethanol 
Leaves 19 ± 0.9 

Stems 16 ± 0.8 

Chloroform 
Leaves 13 ± 0.6 

Stems 10 ± 0.5 

Petroleum ether Leaves 9 ± 0.4 
 Stems 7 ± 0.3 

Ultrasonication enhanced extraction efficiency by disrupting plant cell walls and releasing 

intracellular metabolites. Ethanolic extract exhibited the highest phytochemical content, explaining 

its superior antimicrobial activity. Flavonoids and phenolics are likely the primary contributors to 

antibacterial and antifungal effects. The study provides a scientific basis for traditional medicinal 

uses of X. strumarium L. UAE offers a green and efficient method for extracting bioactive 

compounds for pharmaceutical applications. 

 

5. Conclusion:  

The present study demonstrates that Xanthium strumarium L., a widely used medicinal 

plant, is a rich source of bioactive phytochemicals such as alkaloids, flavonoids, phenolics, 

tannins, saponins, and glycosides. Using Ultrasonication-Assisted Extraction (UAE), we were able 

to efficiently extract these compounds from both leaves and stems, with ethanolic extracts showing 

the highest concentrations. Xanthium strumarium L., particularly its ethanolic leaf extract, is a 

promising natural antimicrobial agent. The study highlights the importance of selecting appropriate 

plant parts and extraction methods to maximize bioactive compound recovery. This plant has the 
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potential for therapeutic and pharmaceutical applications, offering a natural alternative in the fight 

against multidrug-resistant pathogens. 

 

 

6. Acknowledgement: 

The authors express their sincere gratitude to the Principal and Head, Department of 

Botany, C.H.C. Arts, S.G.P. Commerce and B.B.J.P. Science College, Taloda, and JES’s Arts, 

Science and Commerce College, Nandurbar, for providing the necessary facilities, academic 

support, and research environment for the successful completion of this work. The authors also 

acknowledge the support and guidance received from faculty members and colleagues during the 

course of the study. 

 

7.  References:  

 
1. Abdallah EM, Alhatlani BY, de Paula Menezes R, Martins CHG. Back to Nature: Medicinal Plants 

as Promising Sources for Antibacterial Drugs in the Post-Antibiotic Era. Plants (Basel). 2023 Aug 

28;12(17):3077.  

2. Ahmed R, et al. Phytochemical profiling and antimicrobial evaluation of Xanthium strumarium 

extracts. Pharm Biol. 2020; 58:435–445. 

3. Amanulla Khan. (2026). Bacopa monnieri as a Potential Natural Acetylcholinesterase Inhibitor for 

Neurodegenerative Disease Management. Research Journal of Biotechnology, 21(4), 280–284. 

https://doi.org/10.5281/zenodo.18812608 

4. Amanulla, K., Rahim, B., Javed, K., Namrata, M., Manojkumar, C., & Abhay, S. (2025). GC-MS-

based phytochemical profiling and anti-diabetic efficacy of Sargassum tenerrimum-mediated silver 

nanoparticles. Plant Science Today. https://doi.org/10.14719/pst.8697 

5. Balouiri M, Sadiki M, Ibnsouda SK. Methods for in vitro evaluating antimicrobial activity: A 

review. J Pharm Anal. 2016 Apr;6(2):71-79.  

6. Beyatli A. Phytochemical analysis and antioxidant, antimicrobial, and cytotoxic activities of 

Xanthium strumarium L. (Asteraceae). Turk J Biol. 2024 Dec 16;49(1):127-137.  

7. Cowan, M. M. (1999). Plant products as antimicrobial agents. Clinical Microbiology Reviews, 

12(4), 564–582. 

http://ijsi.co.in/
https://doi.org/10.5281/zenodo.18812608


 

Conference Special Issue on “Current Advancements in Biodiversity of Flora and Fauna (CABFF-2026)” 
Organized by IQAC, Department of Zoology and Botany, N.T.V.S., G. T. Patil Arts, Commerce & Science College, Nandurbar (M.S.) 

Vol. XII. Special Issue 1 2026                 A Peer Reviwed and Indexed Scientific Journal    45 
http://ijsi.co.in/ 

8. Elshobary ME, Badawy NK, Ashraf Y, Zatioun AA, Masriya HH, Ammar MM, Mohamed NA, 

Mourad S, Assy AM. Combating Antibiotic Resistance: Mechanisms, Multidrug-Resistant 

Pathogens, and Novel Therapeutic Approaches: An Updated Review. Pharmaceuticals (Basel). 

2025 Mar 12;18(3):402.  

9. Fakudze NT, Sarbadhikary P, George BP, Abrahamse H. Ethnomedicinal Uses, Phytochemistry, 

and Anticancer Potentials of African Medicinal Fruits: A Comprehensive Review. Pharmaceuticals 

(Basel). 2023 Aug 8;16(8):1117.  

10. Fan W, Fan L, Peng C, Zhang Q, Wang L, Li L, Wang J, Zhang D, Peng W, Wu C. Traditional 

Uses, Botany, Phytochemistry, Pharmacology, Pharmacokinetics and Toxicology of Xanthium 

strumarium L.: A Review. Molecules. 2019 Jan 19;24(2):359. 

11. Harborne JB. Phytochemical Methods. Chapman & Hall, London, 1998. 

12. Islam M, Malakar S, Rao MV, Kumar N, Sahu JK. Recent advancement in ultrasound-assisted 

novel technologies for the extraction of bioactive compounds from herbal plants: a review. Food 

Sci Biotechnol. 2023 Jun 23;32(13):1763-1782.  

13. J, Jeba Sonia, D. J. Joel Devadass Daniel, Dr. R. Sabin Begum, Dr. A K N K Pathan, Dr. Veera 

Talukdar, and Vivek Dadasaheb Solavande. (2022) 2023. “AI Techniques for Efficient Healthcare 

Systems in ECG Wave Based Cardiac Disease Detection by High Performance Modelling”. 

International Journal of Communication Networks and Information Security (IJCNIS) 14 (3):290-

302 

14. Khan, A., More, K. C., Mali, M. H., Deore, S. V., & Patil, M. B. (2023). Phytochemical screening 

and Gas chromatography-mass spectrometry analysis on Ischaemum pilosum (Kleinex Willd.). 

Plant Science Today, 10(4), 88–96. https://doi.org/10.14719/pst.2349   

15. Kumar A, P N, Kumar M, Jose A, Tomer V, Oz E, Proestos C, Zeng M, Elobeid T, K S, Oz F. 

Major Phytochemicals: Recent Advances in Health Benefits and Extraction Method. Molecules. 

2023 Jan 16;28(2):887. 

16. Matei AT, Visan AI. Mechanism, Efficacy, and Safety of Natural Antibiotics. Antibiotics (Basel). 

2025 Sep 29;14(10):981. 

17. Patil MB, Khan PA (2017) Primary phytochemical studies of Catunaregam spinosa (Thunb) Tirven 

for secondary metabolites. Int J Pharm Bio Sci 8(2):320–323. https://doi.org/10.22376/ijpbs. 

2017.8.2.p320-323   

18. Patil, M.B., Khan, P.A., Review: techniques towards the plant phytochemical study. International 

Journal of Science Info. 2016;1(3):157–172. https://doi.org/10.5281/zenodo.7559052  

http://ijsi.co.in/
https://doi.org/10.14719/pst.2349
https://doi.org/10.22376/ijpbs.%202017.8.2.p320-323
https://doi.org/10.22376/ijpbs.%202017.8.2.p320-323
https://doi.org/10.5281/zenodo.7559052


 

Conference Special Issue on “Current Advancements in Biodiversity of Flora and Fauna (CABFF-2026)” 
Organized by IQAC, Department of Zoology and Botany, N.T.V.S., G. T. Patil Arts, Commerce & Science College, Nandurbar (M.S.) 

Vol. XII. Special Issue 1 2026                 A Peer Reviwed and Indexed Scientific Journal    46 
http://ijsi.co.in/ 

19. Patil, P. S., et al. (2021). Ultrasonication-assisted extraction of plant bioactives: An updated review. 

Journal of Pharmaceutical Analysis, 11, 123–136. 

20. Sofowora, A. (1993). Medicinal Plants and Traditional Medicine in Africa. Spectrum Books Ltd. 

21. Suresh, P., et al. (2018). Antimicrobial activity of medicinal plant extracts: A comparative study. 

Journal of Ethnopharmacology, 215, 23–31. 

22. Vaou N, Stavropoulou E, Voidarou C, Tsigalou C, Bezirtzoglou E. Towards Advances in Medicinal 

Plant Antimicrobial Activity: A Review Study on Challenges and Future Perspectives. 

Microorganisms. 2021 Sep 27;9(10):2041.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cite Article As: Nivedita K. Valvi, Mahendra H. Mali, & Madhukar B. Patil. (2026). Bioactive Phytochemicals of 

Xanthium strumarium L.: Natural Weapons Against Microbial Pathogens. International Journal of Science Info (IJSI), 

XII (Special Issue 1), 35–46. https://doi.org/10.5281/zenodo.19297088  

  

http://ijsi.co.in/
https://doi.org/10.5281/zenodo.19297088

