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Abstract 

An emerging area of nanotechnology is the microbial synthesis of nanoparticles, which provides environmentally 
acceptable and sustainable substitutes for traditional physical and chemical manufacturing techniques.  As natural nano 
factories, microorganisms like bacteria, fungus, actinomycetes, and microalgae mediate the reduction and stabilization 
of metal ions into nanoparticles with distinct physicochemical characteristics.  These biogenic nanoparticles have great 
promise for use in a variety of industries, such as biofilm management, sustainable agriculture, and biomedical 
applications.  They serve as nano-fertilizers, nano herbicides, and nano fungicides in agriculture, improving crop output, 
nutrient availability, and disease resistance while lessening their negative effects on the environment.  They are useful 
instruments in the fight against persistent microbial communities in industrial, medicinal, and environmental settings 
because of their strong antibacterial qualities and capacity to break down biofilms. New research also shows how 
microplastics and nanoparticles interact in vascular settings, which may help explain how atheroma develops and how 
cardiovascular health is affected.  The synthesis processes, structural and functional diversity, and uses of microbial 
nanoparticles in many industries are examined in this review.  In addition, it examines how nanotechnology might be 
used to mitigate the health hazards associated with microplastics while assessing issues with toxicity, environmental 
destiny, and regulatory mechanisms.  A strong, long-lasting framework for tackling urgent issues in environmental 
health, healthcare, and agriculture is provided by microbial nanotechnology taken together.  
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1. Introduction

Modern science and technology have been completely transformed by nanotechnology, which is the study of creating, 
engineering, and using materials at the nanometer scale (1–100 nm) [1,2].  Its exceptional capacity to take use of 
nanoscale phenomena—such as increased surface reactivity, adjustable physicochemical characteristics, and quantum 
effects—has resulted in revolutionary breakthroughs in a variety of industries, including environmental remediation, 
materials research, medicine, and agriculture [3].  Microbial techniques have become a viable, economical, and 
environmentally safe substitute for traditional physical and chemical methods in the synthesis of nanoparticles [4].  
Because of their inherent biochemical properties, microorganisms such as bacteria, fungus, actinomycetes, and 
microalgae can stabilize nanoparticles and decrease metal ions through metabolite interactions and enzymatic 
reactions [5]. In addition to removing the need for hazardous chemicals and large energy inputs, this "green synthesis" 
produces nanoparticles capped with compounds derived from biology, improving their stability and biocompatibility 
[6,7]. 
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Numerous uses have been made possible by the special qualities of biogenic nanoparticles.  Sustainable agriculture 
tackles pressing worldwide issues like environmental degradation and food security [8].  Microbially produced 
nanoparticles can be used as nanocarriers for regulated agrochemical release, nano herbicides and nano fungicides to 
control weeds and plant diseases, and nano-fertilizers to improve nutrient delivery [9].  These applications support 
precision agriculture and sustainable development by increasing crop output, lowering chemical inputs, and minimizing 
ecological effect [10].  Furthermore, it has been demonstrated that microbial nanoparticles improve soil health and 
activate plant defense mechanisms, hence enhancing agricultural resilience [11]. 

The suppression and control of biofilms is a key application area [12].  Because of their increased resistance to 
antibiotics and disinfectants, biofilms—structured microbial consortia encased in a self-produced extracellular 
matrix—present significant issues in the fields of industry, healthcare, and water treatment [13].  Traditional methods 
of biofilm removal frequently fall short of penetrating these tough structures [14].  By producing reactive oxygen 
species, penetrating extracellular polymeric materials, blocking quorum sensing, and improving antibiotic 
administration, biogenic nanoparticles provide a versatile option that can break up biofilms [15].  These qualities make 
microbial nanoparticles attractive options for treating chronic illnesses, avoiding biofouling, and enhancing the hygienic 
conditions of water systems [16]. 

The use of nanotechnology to comprehend and possibly lessen the negative health impacts of microplastics, especially 
their function in the development of atheroma, a crucial phase in cardiovascular disease, is an exciting new field.  
Nowadays ubiquitous in the environment and human food chain, microplastics can build up in tissues and cause 
inflammatory reactions that are connected to atherosclerosis [17].  Within biological systems, nanoparticles may 
interact with microplastics to affect their toxicity, transport, and biological destiny [18].  Furthermore, tailored 
nanoparticles may be used as therapeutic or diagnostic instruments to identify, break down, or eliminate microplastics 
and the hazards they pose [19].  A fascinating new line of inquiry with important public health ramifications is the 
convergence of nanotechnology and microplastic toxicity [20]. 

The goal of this review is to present a thorough analysis of the mechanics, characterization, and multipurpose uses of 
microbial pathways to nanoparticle formation [21].  It addresses issues with safety, environmental impact, and 
regulation while delving deeper into their potential in biofilm control, microplastic-associated vascular diseases, and 
agriculture [22].  Microbial nanotechnology is a flexible and potent instrument that can be used to address some of the 
most important scientific and socioeconomic issues of our day by combining microbiology, nanoscience, and 
environmental health [23]. 

2. Mechanisms of Microbial Nanoparticle Synthesis 

Through environmentally benign, economical, and scalable methods, microorganisms have become potent biological 
platforms for the creation of metallic and metal oxide nanoparticles [24].  Without the need for harsh chemical reagents 
or high-energy inputs, their distinct metabolic and enzymatic systems allow the reduction of metal precursors and the 
stabilization of nanoscale products [25].  Microalgae, fungus, bacteria, and actinomycetes have all shown impressive 
capacities to function as "nano factories," generating nanoparticles with regulated surface chemistry, size, and shape 
[26]. 

Intracellular and extracellular synthesis are the two main paths that the biosynthesis process usually takes.  By passing 
through the microbial cell wall and interacting with proteins, enzymes, and metabolites, metal ions can be converted to 
elemental nanoparticles by the intracellular route.  Before being extracted by cell lysis, these nanoparticles are 
nucleated and develop in the cytoplasmic or periplasmic area.  On the other hand, extracellular synthesis happens when 
metal ions are reduced outside of the cell by secreted enzymes and metabolites, which results in the creation of 
nanoparticles in the surrounding medium.  While intracellular synthesis frequently produces nanoparticles with better 
structural control, the extracellular technique enables simpler downstream processing and scalability [27,28]. 

By moving electrons from co-factors like NADH or NADPH to metal ions, microbial enzymes like reductases and 
dehydrogenases play a crucial part in reducing metal ions.  Furthermore, the capping agents—proteins, 
polysaccharides, and other biomolecules—stabilize the nanoparticles and stop them from aggregating.  The size, shape, 
and crystallinity of the nanoparticles—which can have spherical, cubic, triangular, or rod-like structures—are all 
influenced by the biochemical environment that the microbial system provides [29,30]. 

The creation of nanoparticles is further influenced by environmental variables as pH, temperature, metal ion 
concentration, and incubation duration.  For instance, temperature affects the kinetics of nucleation and development, 
whereas alkaline pH frequently encourages quicker reduction and smaller particle sizes.  To customize nanoparticle 
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characteristics for particular uses, these factors can be changed.  A promising avenue for precision nanomaterial design 
is the use of genetically modified microorganisms, which present more chances to improve production, regulate particle 
properties, and add new functions [31,32]. 

3. Applications in Sustainable Agriculture 

In the face of issues like soil erosion, climate change, and new plant diseases, the agricultural sector is under increasing 
pressure to feed the world's rapidly expanding population in a sustainable manner.  Microbially produced biogenic 
nanoparticles present a revolutionary way to modernize agriculture while reducing environmental effects.  They can 
act as nano-fertilizers, nonherbicides, nano fungicides, and carriers for regulated agrochemical delivery thanks to their 
special physicochemical characteristics [33]. 

By enhancing bioavailability, lowering leaching losses, and enabling delayed and tailored nutrient release, nano-
fertilizers increase the efficiency of nutrient usage.  For instance, bacterial and fungal-produced zinc oxide and iron 
oxide nanoparticles can provide micronutrients more efficiently than traditional fertilizers, increasing plant growth and 
production.  Similarly, nanoparticles can reduce the frequency and amount of fertilizer application by carefully 
encapsulating and delivering macronutrients like phosphate and nitrogen [34,35]. 

Pesticides and fungicides based on nanoparticles exhibit strong antimicrobial action against a variety of phytopathogens 
in crop protection.  For example, Pseudomonas and Aspergillus species biosynthesize silver nanoparticles, which have 
potent antifungal action against Alternaria and Fusarium species.  These materials' effectiveness is increased by their 
ability to pierce plant tissues and pathogen biofilms due to their nanoscale size.  Additionally, the risk of overapplication 
and environmental pollution is decreased by their controlled release characteristics [36]. 

Additionally, biogenic nanoparticles provide weed control methods.  By focusing on particular metabolic pathways in 
weeds, nonherbicides can lessen herbicide resistance and off-target effects.  Furthermore, some nanoparticles' elicitor 
and antibacterial qualities might boost plant defense systems, increasing tolerance to abiotic stressors and infections.  
By affecting microbial community dynamics and nutrient cycling, nanoparticles enhance soil health in addition to direct 
agricultural treatments [37]. 

Notwithstanding their potential, possible ecotoxicological issues must be addressed before using nanoparticles in 
agriculture.  Nanoparticles can affect nutrient dynamics, interact with soil bacteria, or build up in the food chain.  Before 
they are widely commercialized, thorough research on their long-term behavior, fate, and effects is essential.  
Standardized characterization procedures and regulatory frameworks will be essential to guaranteeing adoption that 
is both secure and long-lasting [38]. 

4. Role in Biofilm Inhibition and Control 

Microorganisms are shielded from environmental stress, antibiotics, and disinfectants by biofilms, which are organized 
microbial consortia embedded in an extracellular polymeric matrix.  Their resilience presents serious problems for 
industrial, water treatment, and healthcare systems.  Because of their inherent antibacterial qualities and 
physicochemical diversity, biogenic nanoparticles present intriguing approaches for biofilm prevention, disruption, and 
eradication [39]. 

Biofilms are inhibited by nanoparticles in a number of ways.  One main mechanism is membrane rupture, in which 
negatively charged microbial membranes are electrostatically contacted by cationic or amphiphilic nanoparticles, 
increasing permeability, allowing internal contents to seep out, and ultimately causing cell death.  Microbially produced 
silver and copper nanoparticles have shown potent membrane-disruptive effect against bacteria that form biofilms, 
including Pseudomonas aeruginosa and Staphylococcus aureus [40]. 

The production of reactive oxygen species is another significant process (ROS).  Proteins, lipids, and nucleic acids within 
biofilms are harmed by ROS, which are produced by redox processes that nanoparticles can catalyze.  In addition to 
killing implanted cells, this oxidative stress also causes the extracellular matrix to become unstable.  Additionally, the 
cell-to-cell communication mechanism that controls the formation of biofilms, quorum sensing, may be disrupted by 
nanoparticles.  Quorum sensing disruption inhibits the formation of biofilms and lowers the generation of virulence 
factors [41]. 
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These materials' nanoscale size also enables them to pass through the biofilm matrix, which is one of the main obstacles 
that traditional antibacterial agents face.  Once within, nanoparticles can improve antibiotic activity, transport 
therapeutic payloads, and collectively compromise the integrity of biofilms.  For instance, it has been demonstrated that 
mixing biogenic nanoparticles with traditional antibiotics lowers minimum inhibitory concentrations and restores 
antibiotic efficacy against infections linked to resistant biofilms [42]. 

Nanoparticle coatings on surfaces can reduce biofouling in water systems, pipelines, and medical devices in industrial 
and environmental environments by preventing initial microbial attachment.  One possible strategy for long-term 
biofilm control is the integration of biogenic nanoparticles into membranes, filters, and coatings [43]. 

5. Interactions with Microplastics and Atheroma Formation 

Plastic particles smaller than 5 mm, or microplastics, have become a common environmental contaminant with serious 
health effects on people.  Recent research has connected exposure to microplastics to cardiovascular disorders, such as 
atheroma formation—the accumulation of lipid-rich plaques in artery walls—systemic inflammation, and oxidative 
stress.  Developing ways to reduce these dangers requires an understanding of the interactions between nanoparticles 
and microplastics [44]. 

There are various ways in which biogenic nanoparticles could affect the behavior of microplastics in biological and 
environmental systems.  They can first function as sorbents, attaching themselves to the surfaces of microplastics and 
changing their mobility, bioavailability, and physicochemical characteristics.  By containing toxic compounds, this 
interaction may lessen the toxicity of microplastics or, on the other hand, increase their absorption into biological 
tissues [45]. 

Second, nanoparticles might act as catalysts to break down microplastics.  Under environmental conditions, some 
metallic nanoparticles, such titanium dioxide or iron oxide, can produce reactive oxygen species (ROS), which can cause 
polymer chains to oxidatively degrade.  Therefore, microbial nanoparticle systems might be designed to speed up the 
breakdown of microplastics in biological or environmental settings [46]. 

From a biological standpoint, nanoparticles have the potential to be used as therapeutic and diagnostic instruments to 
treat vascular diseases linked to microplastics.  Functionalized nanoparticles may be utilized to deliver anti-
inflammatory or anti-atherogenic medicines to afflicted areas or to identify the buildup of microplastics in tissues.  
Additionally, investigating the cellular and molecular interactions between nanoparticles and microplastics may 
provide fresh perspectives on the processes that connect environmental contaminants to cardiovascular disease [47]. 

Nonetheless, the coexistence of microplastics and nanoparticles in the environment also prompts questions regarding 
their possible synergistic effects and combined toxicity.  Their interactions could affect immunological responses, 
biodistribution, and long-term health consequences.  Therefore, in order to guide safe and efficient usage, thorough 
toxicological evaluations and mechanistic research are required [48]. 

6. Future Perspectives 

A quickly developing topic, microbial pathways to nanotechnology is well-positioned to tackle important issues in 
environmental sustainability, healthcare, and agriculture.  However, a number of significant obstacles must be removed 
before these advancements may be used in the real world from laboratory study.  Since variations in microbial strains, 
culture conditions, and precursor materials can have a substantial impact on nanoparticle properties, future research 
must concentrate on standardizing biosynthetic processes.  The generation of nanoparticles may become more 
predictable and adjustable with developments in metabolic engineering and synthetic biology [49]. 

Crop management in agriculture could be completely transformed by incorporating nanoparticle technologies into 
precision farming platforms; nevertheless, this calls for thorough research on the long-term effects on soil health, 
interactions between nanoparticles and plants, and food safety.  Similar to this, combining nanoparticles with new 
therapeutic drugs or traditional antimicrobials in biofilm management promises intriguing synergy; nevertheless, 
regulatory approval and clinical validation are still necessary procedures [50]. 

A new field with important biomedical ramifications is the nexus between nanotechnology and microplastic toxicity. 
Novel diagnostic and treatment approaches for cardiovascular and other chronic diseases may result from 
understanding how nanoparticles affect microplastic behavior and related disease pathways [51].  
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The future of this discipline will ultimately be determined by the intersection of environmental health, materials science, 
nanotechnology, and microbiology. To fully utilize microbial nanotechnology for planetary health, disease prevention, 
and sustainable development, cooperative, multidisciplinary research initiatives will be crucial [52]. 

Summary 

Using bacteria, fungus, actinomycetes, and microalgae as biological nano factories, microbial nanotechnology offers a 
sustainable method of creating useful nanoparticles [53].  By stabilizing metal ions with bio-organic molecules and 
reducing them into nanoscale materials, these organisms produce nanoparticles with improved surface reactivity, 
stability, and biocompatibility.  Microbial synthesis is scalable, economical, and environmentally benign in contrast to 
traditional chemical or physical techniques.  As nano-fertilizers, nonherbicides, and nano fungicides, biogenic 
nanoparticles are being used more and more in agriculture to improve nutrient delivery, crop resilience, and disease 
management while reducing their negative effects on the environment.  Since nanoparticles can break down microbial 
membranes, pierce extracellular polymeric materials, produce reactive oxygen species, and obstruct quorum sensing, 
their antibiofilm properties are equally important [54,55].  These processes offer practical methods for overcoming 
enduring biofilms in water treatment, industrial systems, and healthcare.  Recent studies have also connected 
microplastics to cardiovascular diseases such atheroma development, where nanoparticles may be useful for 
therapeutic intervention, degradation, or detection.  They may lessen vascular inflammation and the advancement of 
illness by adsorbing or catalytically breaking down microplastics.  Although encouraging, issues with nanoparticle 
toxicity, biodistribution, environmental destiny, and regulatory monitoring still exist.  All things considered, microbial 
nanotechnology provides an environmentally friendly, adaptable platform to promote biofilm management, agricultural 
sustainability, and new understandings of the health hazards linked to microplastics [56,57,58].  

7. Conclusion 

Microbial pathways to nanotechnology combine creativity and sustainability to produce nanoparticles that tackle 
important issues in environmental protection, healthcare, and agriculture.  Their multifunctional usefulness is 
demonstrated by their capacity to improve nutrition efficiency, inhibit pathogens, and regulate biofilms; additionally, 
their newfound responsibilities in reducing microplastic-associated atheroma’s pave the way for novel biological 
developments.  However, obstacles pertaining to safety, environmental effect, reproducibility, and regulatory clarity 
must be overcome for translation to be practicable.  To guarantee safe deployment, standardized synthesis procedures, 
thorough toxicological analyses, and life-cycle assessments are necessary. Nanoparticle yield, uniformity, and 
functionalization can be enhanced by technological advancements including regulated biosynthetic pathways and 
omics-driven strain engineering.  At the same time, establishing efficient administration and encouraging responsible 
innovation will require interdisciplinary cooperation between microbiologists, nanotechnologists, toxicologists, and 
legislators.  These pillars must line up for microbial nanotechnology to move from lab research to practical uses, offering 
quantifiable advantages in infection prevention, cardiovascular health, and food security while preserving ecological 
sustainability.  

Compliance with ethical standards 

Acknowledgments 

We would like to acknowledge Department of Pharmacy, Sanaka Educational Trust’s Group of Institutions, Maulana 
Abul Kalam Azad University of Technology, West Bengal, India for encouragement and support. 

Disclosure of conflict of interest 

No conflict of interest to be disclosed. 

References 

[1] Whitesides GM. Nanoscience, nanotechnology, and chemistry. Small. 2005 Feb 1;1(2):172-9. 

[2] Malik S, Muhammad K, Waheed Y. Nanotechnology: a revolution in modern industry. Molecules. 2023 Jan 
9;28(2):661. 

[3] Lakhani P, Bhanderi D, Modi CK. Nanocatalysis: recent progress, mechanistic insights, and diverse applications. 
Journal of Nanoparticle Research. 2024 Jul;26(7):148. 



World Journal of Advanced Engineering Technology and Sciences, 2025, 17(01), 397-404 

402 

[4] Alsaiari NS, Alzahrani FM, Amari A, Osman H, Harharah HN, Elboughdiri N, Tahoon MA. Plant and microbial 
approaches as green methods for the synthesis of nanomaterials: synthesis, applications, and future perspectives. 
Molecules. 2023 Jan 3;28(1):463. 

[5] Hulkoti NI, Taranath TC. Biosynthesis of nanoparticles using microbes—a review. Colloids and surfaces B: 
Biointerfaces. 2014 Sep 1;121:474-83. 

[6] Mallick MA, Chakraborty T et.al “Schematic diagrammatic preparation methods of polymeric nanoparticles for 
biomedical applications in recent and future prospects” European Chemical Bulletin , 2023,12(10):1721-1733 

[7] Kirubakaran D, Wahid JB, Karmegam N, Jeevika R, Sellapillai L, Rajkumar M, SenthilKumar KJ. A comprehensive 
review on the green synthesis of nanoparticles: advancements in biomedical and environmental applications. 
Biomedical Materials and Devices. 2025 Feb 24:1-26. 

[8] Atanda SA, Shaibu RO, Agunbiade FO. Nanoparticles in agriculture: balancing food security and environmental 
sustainability. Discover Agriculture. 2025 Feb 18;3(1):26. 

[9] Fatima F, Hashim A, Anees S. Efficacy of nanoparticles as nanofertilizer production: a review. Environmental 
Science and Pollution Research. 2021 Jan;28(2):1292-303. 

[10] Getahun S, Kefale H, Gelaye Y. Application of precision agriculture technologies for sustainable crop production 
and environmental sustainability: A systematic review. The Scientific World Journal. 2024;2024(1):2126734. 

[11] Zhang P, Jiang Y, Schwab F, Monikh FA, Grillo R, White JC, Guo Z, Lynch I. Strategies for enhancing plant immunity 
and resilience using nanomaterials for sustainable agriculture. Environmental science and technology. 2024 May 
14;58(21):9051-60. 

[12] Lu J, Hu X, Ren L. Biofilm control strategies in food industry: Inhibition and utilization. Trends in Food Science 
and Technology. 2022 May 1;123:103-13. 

[13] Saini S, Tewari S, Dwivedi J, Sharma V. Biofilm-mediated wastewater treatment: a comprehensive review. 
Materials Advances. 2023;4(6):1415-43. 

[14] Liu D, Huang Q, Gu W, Zeng XA. A review of bacterial biofilm control by physical strategies. Critical Reviews in 
Food Science and Nutrition. 2022 May 3;62(13):3453-70. 

[15] Chakraborty T, Natasha, Saini V, Ruby “Formulation and evaluation of controlled release floating tablets of 
cefixime using hydrophilic polymers” International Research Journal of Pharmacy, 2019, 10 (1): 171-175. 

[16] Pérez H, Vargas G, Silva R. Use of nanotechnology to mitigate biofouling in stainless steel devices used in food 
processing, healthcare, and marine environments. Toxics. 2022 Jan 12;10(1):35. 

[17] Irfan H, Irfan H, Khan MA, Inanc O, Al Hasibuzzaman M. Microplastics and nanoplastics: emerging threats to 
cardiovascular health–a comprehensive review. Annals of Medicine and Surgery. 2025 Jan 1;87(1):209-16. 

[18] Mu Q, Jiang G, Chen L, Zhou H, Fourches D, Tropsha A, Yan B. Chemical basis of interactions between engineered 
nanoparticles and biological systems. Chemical reviews. 2014 Aug 13;114(15):7740-81. 

[19] Bhattacharjee J, Roy S. Green remediation of microplastics using bionanomaterials. InRemediation of plastic and 
microplastic waste 2024 Feb 14 (pp. 240-260).  

[20] Chakraborty T, Saini V, Singh G , Govila D and Pandurangan A “Causes and Management of Major Microbial 
Infections in Upper Sensory Organs of the Body” International Journal of Pharmaceutical Sciences Review and 
Research, 2018, 48(1):43-51. 

[21] Sharma A, Chakraborty T, Gupta S, Sharma A, Pahari PK, Biomarkers: An Important Tool for Diagnosing and 
Treating Breast Cancer, Journal of Pharmaceutical Research International, 2020, 32(12): 46-54. 

[22] Okeke ES, Ezeorba TP, Chen Y, Mao G, Feng W, Wu X. Ecotoxicological and health implications of microplastic-
associated biofilms: a recent review and prospect for turning the hazards into benefits. Environmental Science 
and Pollution Research. 2022 Oct;29(47):70611-34. 

[23] Chakraborty T, Gupta S, Saini V, Talukdar A. Biomarkers: An Important Tool for Diagnosing and Treating Diabetes 
Mellitus. Int. J. Life Sci. Pharma Res. 2021;11(2):123-129 

[24] Jeevanandam J, Kiew SF, Boakye-Ansah S, Lau SY, Barhoum A, Danquah MK, Rodrigues J. Green approaches for 
the synthesis of metal and metal oxide nanoparticles using microbial and plant extracts. Nanoscale. 
2022;14(7):2534-71. 



World Journal of Advanced Engineering Technology and Sciences, 2025, 17(01), 397-404 

403 

[25] Ovais M, Khalil AT, Ayaz M, Ahmad I, Nethi SK, Mukherjee S. Biosynthesis of metal nanoparticles via microbial 
enzymes: a mechanistic approach. International journal of molecular sciences. 2018 Dec 18;19(12):4100. 

[26] Chakraborty T, Saini V, Govila D and Singh G “Four most life threatening urogenital cancer and its management” 
International Journal of Pharmaceutical Sciences and Research, 2018, 9(8): 3166-3174.  

[27] Debnath K, Pal S, Jana NR. Chemically designed nanoscale materials for controlling cellular processes. Accounts 
of chemical research. 2021 Jul 7;54(14):2916-27. 

[28] Grasso G, Zane D, Dragone R. Microbial nanotechnology: challenges and prospects for green biocatalytic synthesis 
of nanoscale materials for sensoristic and biomedical applications. Nanomaterials. 2019 Dec 18;10(1):11. 

[29] Kladko DV, Falchevskaya AS, Serov NS, Prilepskii AY. Nanomaterial shape influence on cell behavior. 
International Journal of Molecular Sciences. 2021 May 17;22(10):5266. 

[30] Faramarzi MA, Sadighi A. Insights into biogenic and chemical production of inorganic nanomaterials and 
nanostructures. Advances in Colloid and Interface Science. 2013 Mar 1;189:1-20. 

[31] Mirsalami SM, Mirsalami M. Advances in genetically engineered microorganisms: Transforming food production 
through precision fermentation and synthetic biology. Future Foods. 2025 Jun 1;11:100601. 

[32] Iravani S, Varma RS. Biofactories: engineered nanoparticles via genetically engineered organisms. Green 
Chemistry. 2019;21(17):4583-603. 

[33] Chakraborty T, Saini V, Narwal P, Gupta S “Formulation and evaluation of both stomach and Intestine drug 
delivery system from unit solid dosage tablet formulation” World Journal of Pharmaceutical Research, 
2015:4(10): 1377-1392. 

[34] Munir A, Salah MA, Ali M, Ali B, Saleem MH, Samarasinghe KG, De Silva SI, Ercisli S, Iqbal N, Anas M. Advancing 
agriculture: harnessing smart nanoparticles for precision fertilization. BioNanoScience. 2024 Nov;14(4):3846-
63. 

[35] Yadav A, Yadav K, Abd-Elsalam KA. Nanofertilizers: types, delivery and advantages in agricultural sustainability. 
Agrochemicals. 2023 Jun 9;2(2):296-336. 

[36] Shaviv A, Mikkelsen RL. Controlled-release fertilizers to increase efficiency of nutrient use and minimize 
environmental degradation-A review. Fertilizer research. 1993 Feb;35(1):1-2. 

[37] Das D, Ingti B, Paul P, Jamatia JP, Ete T, Khan T, Kalita J. Soil microbial dynamics in response to the impact of 
nanoparticles on agricultural implications. Discover Soil. 2025 Jul 11;2(1):58. 

[38] Shandilya SK, Datta A, Kartik Y, Nagar A. Navigating the regulatory landscape. InDigital Resilience: Navigating 
Disruption and Safeguarding Data Privacy 2024 Jan 2 (pp. 127-240). Cham: Springer Nature Switzerland. 

[39] Murugan S, Senthilvelan T, Govindasamy M, Thangavel K. A Comprehensive Review on Exploring the Potential of 
Phytochemicals and Biogenic Nanoparticles for the Treatment of Antimicrobial-Resistant Pathogenic Bacteria. 
Current Microbiology. 2025 Feb;82(2):90. 

[40] Saini V, Chakraborty T, Jain A, Chaudhary J, Saini V “Comparative Study of Resins in the Formulation of Taste 
Masked Suspension of Erythromycin” Int. J.Pharm. Sci. Rev. Res.,2013,  22(1): 257-263 

[41] Ouyang J, Sun F, Feng W, Sun Y, Qiu X, Xiong L, Liu Y, Chen Y. Quercetin is an effective inhibitor of quorum sensing, 
biofilm formation and virulence factors in Pseudomonas aeruginosa. Journal of applied microbiology. 2016 Apr 
1;120(4):966-74. 

[42] Singh P, Garg A, Pandit S, Mokkapati VR, Mijakovic I. Antimicrobial effects of biogenic nanoparticles. 
Nanomaterials. 2018 Dec 5;8(12):1009. 

[43] Liu Y, Shi L, Su L, van der Mei HC, Jutte PC, Ren Y, Busscher HJ. Nanotechnology-based antimicrobials and delivery 
systems for biofilm-infection control. Chemical Society Reviews. 2019;48(2):428-46. 

[44] Syberg K, Khan FR, Selck H, Palmqvist A, Banta GT, Daley J, Sano L, Duhaime MB. Microplastics: addressing 
ecological risk through lessons learned. Environmental toxicology and chemistry. 2015 May 1;34(5):945-53. 

[45] Verla AW, Enyoh CE, Verla EN, Nwarnorh KO. Microplastic–toxic chemical interaction: a review study on 
quantified levels, mechanism and implication. SN Applied Sciences. 2019 Nov;1(11):1-30. 



World Journal of Advanced Engineering Technology and Sciences, 2025, 17(01), 397-404 

404 

[46] Bawa S, Yasmin S, Saini V, Chakraborty T, Chaudhaery SS, Ansari MY, “Treatment and Management of 
Hypertension by Targeting ACE Inhibitors: in silico Approach” International Journal of Bioautomation, 2019, 
23(1): 13-28. 

[47] Chowdhury SR, Dey A, Mondal S, Gautam MK. Environmental microplastics and nanoplastics: Effects on 
cardiovascular system. Toxicologie Analytique et Clinique. 2024 Jun 1;36(2):145-57. 

[48] Houck KA, Kavlock RJ. Understanding mechanisms of toxicity: insights from drug discovery research. Toxicology 
and applied pharmacology. 2008 Mar 1;227(2):163-78. 

[49] Yadav VG, De Mey M, Lim CG, Ajikumar PK, Stephanopoulos G. The future of metabolic engineering and synthetic 
biology: towards a systematic practice. Metabolic engineering. 2012 May 1;14(3):233-41. 

[50] Sahli C, Moya SE, Lomas JS, Gravier-Pelletier C, Briandet R, Hémadi M. Recent advances in nanotechnology for 
eradicating bacterial biofilm. Theranostics. 2022 Feb 28;12(5):2383. 

[51] Chakraborty T, Saini V, Sharma S, Kaur B, Dhingra G “Antifungal gel; for different routes of administration and 
different drug delivery system” International Journal of Biopharmaceutics, 2014, 5(3): 230-240 

[52] Singh B, Chauhan N, Agrawal N, Ayyagari A. Contribution of Microbial Nanotechnology to Sustainable 
Development Goals. InNano-microbiology for Sustainable Development 2025 Feb 26 (pp. 1-23). Cham: Springer 
Nature Switzerland. 

[53] Eweis AA, El-Raheem HA, Ahmad MS, Hozzein WN, Mahmoud R. Green fabrication of nanomaterials using 
microorganisms as nano-factories. Journal of Cluster Science. 2024 Oct;35(7):2149-76. 

[54] Parua S, Chakraborty T et.al “Integrative Approaches to Vitiligo: A Mechanistic Review of Modern Therapies and 
Traditional Herbal Interventions” Studies in Science of Science, 2025, 43(3): 250-261. 

[55] Lahiri D, Nag M, Sheikh HI, Sarkar T, Edinur HA, Pati S, Ray RR. Microbiologically-synthesized nanoparticles and 
their role in silencing the biofilm signaling cascade. Frontiers in microbiology. 2021 Feb 25;12:636588. 

[56] Noreen S, Saleem MH, Ali B, Khan KA, Hafeez A, Javed MA. Advancing Plant Resilience Against Microplastics and 
Metals Through Nanotechnology. BioNanoScience. 2024 Jun;14(2):2065-79. 

[57] Ventura E, Marín A, Gámez-Pérez J, Cabedo L. Recent advances in the relationships between biofilms and 
microplastics in natural environments. World Journal of Microbiology and Biotechnology. 2024 Jul;40(7):220. 

[58] Kumari S, Yadav A, Rajput P, Minkina T, Rajput VD. Microplastics as emerging threats: advancement in biofilm 
interactions and remediation technologies. International Journal of Environmental Science and Technology. 2025 
May 22:1-20.  


