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ABSTRACT: 

Nanoparticles (NPs) have gained immense attention due to 

their unique physical, chemical, and biological properties, making 

them highly suitable for diverse applications across fields such as 

medicine, environmental science, and materials engineering. 

Biosynthesis of nanoparticles-utilizing biological entities like 

plants, bacteria, fungi, and algae—offers a green, eco-friendly, and 

cost-effective alternative to chemical and physical methods. This 

review focuses on the advantages, disadvantages, challenges, and 

potential solutions associated with the biosynthesis of 

nanoparticles. The advantages of biosynthetic methods include 

sustainability, lower toxicity, and energy efficiency. However, 

challenges such as the need for standardization, scalability, and 

yield optimization persist. This review also addresses recent 

advancements in overcoming these challenges, including genetic 

engineering, bioprocess optimization, and hybrid methodologies. 
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INTRODUCTION 

Nanotechnology has revolutionized a variety of sectors, including 

electronics, pharmaceuticals, energy, and environmental sciences, owing to the 

unique properties of nanoparticles. These include increased surface area-to-

volume ratio, quantum effects, and enhanced reactivity (Li et al., 2018). 

However, traditional methods of nanoparticle synthesis, such as chemical and 

physical approaches, are energy-intensive, often rely on toxic reagents, and can 
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lead to environmental hazards (Al-Radadi, 2020). The increasing demand for 

sustainable and eco-friendly methods has driven significant interest in the 

biosynthesis of nanoparticles.  

The biosynthesis of nanoparticles harnesses biological organisms such as 

plants, bacteria, fungi, and algae to synthesize nanoparticles. These biosynthetic 

methods are also often termed “green synthesis” due to their environmentally 

benign processes. Although the potential benefits are significant, biosynthesis 

also faces challenges related to reproducibility, scaling, and controlling 

nanoparticle size and shape. This review will explore the advantages, 

disadvantages, challenges, and current research efforts addressing these 

concern. 

 

BIOSYNTHESIS OF NANOPARTICLES 

1. Mechanism of Biosynthesis 

Biological organisms produce nanoparticles through reduction, oxidation, 

or both, facilitated by biomolecules such as enzymes, proteins, or secondary 

metabolites. For instance, plant extracts containing alkaloids, phenolics, and 

flavonoids act as reducing agents in nanoparticle formation (Ahmed et al., 2016). 

Similarly, microorganisms produce enzymes that catalyze the reduction of metal 

salts, leading to the formation of metal nanoparticles (Iravani, 2019). 

2. Types of Biological Entities used: 

Various biological entities have been employed for biosynthesis: 

Plants: Green synthesis using plants is simple, eco-friendly, and cost-effective, 

utilizing plant extracts to reduce metal ions into nanoparticles (Singh et al., 

2020). 

Bacteria: Bacterial biosynthesis offers several advantages, such as easy culture 

and rapid growth. Bacteria like *_Escherichia coli_* and *_Bacillus subtilis_* are 

commonly used (Zhang et al., 2017). Fungi: Fungi-based synthesis is beneficial 

due to their ability to secrete large amounts of bioactive molecules (Sastry et al., 

2020). 

Algae: Algae offer sustainable and cost-effective nanoparticle synthesis as they 

can utilize CO2 for growth (Moradi et al., 2020). 
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ADVANTAGES OF BIOSYNTHESIS 

1. Eco-friendliness 

Biosynthesis is inherently more sustainable and eco-friendly compared to 

traditional methods that require toxic chemicals and high energy input. The use 

of biological organisms ensures minimal use of harmful chemicals and allows for 

low-energy, ambient-temperature processing (Ahmed et al., 2016). 

2. Cost-effectiveness 

Green synthesis eliminates the need for expensive reagents and energy-

demanding steps, making the process more economically viable, especially for 

large-scale production (Ramesh et al., 2019). 

3. Biocompatibility 

Biosynthesized nanoparticles are more biocompatible, making them 

suitable for applications in biomedicine, such as drug delivery, bioimaging, and 

biosensors (Mittal et al., 2020). 

 

DISADVANTAGES OF BIOSYNTHESIS 

1. Lack of Standardization 

A significant challenge is the lack of standardization in biosynthesis 

methods, leading to inconsistencies in nanoparticle properties such as size, 

shape, and surface charge (Iravani, 2019). The composition of biological extracts 

varies depending on factors such as geographical location, extraction conditions, 

and seasonal variations. 

2. Limited Control over Nanoparticle Size and Shape 

Biological processes are inherently less controllable than physical or 

chemical methods. The resulting nanoparticles may exhibit a wide range of sizes 

and shapes, impacting their functionality (Al-Radadi, 2020). 

3. Scalability 

Scaling up the biosynthesis process remains a challenge due to difficulties 

in maintaining the reproducibility and efficiency of nanoparticle production at 

industrial levels (Zhang et al., 2017). 
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CHALLENGES IN BIOSYNTHESIS 

1. Yield Optimization 

Optimizing the yield of biosynthesized nanoparticles remains a challenge. 

The amount of nanoparticles produced is often lower compared to traditional 

methods, limiting the commercial viability of biosynthesis (Ramesh et al., 2019). 

2. Purity and Post-synthesis Processing 

Biosynthesis often results in the formation of nanoparticles mixed with 

various organic compounds, which may require additional purification steps, 

complicating the process and increasing costs (Sastry et al., 2020). 

3. Toxicity and Safety Concerns 

While biosynthesized nanoparticles are generally considered safer, there is 

still a need to thoroughly evaluate their toxicity, especially when used in 

biomedical applications (Mittal et al., 2020). 

 

SOLUTIONS AND FUTURE DIRECTIONS 

1. Genetic Engineering and Strain Improvement 

Genetic engineering techniques can be used to modify microorganisms to 

enhance their nanoparticle-producing capabilities, improving yield and 

consistency (Li et al., 2018). Advances in synthetic biology and metabolic 

engineering offer the potential for more efficient and controllable biosynthesis 

processes. 

2. Bioprocess Optimization 

Optimizing process parameters such as pH, temperature, and nutrient 

concentration can enhance nanoparticle production efficiency. The development 

of bioreactors for large-scale production is another critical area of research 

(Ahmed et al., 2016). 

3. Hybrid Synthesis Approaches 

Combining biological methods with traditional physical or chemical 

techniques can lead to more efficient and controllable nanoparticle synthesis. For 

instance, combining green synthesis with microwave or ultrasound-assisted 

methods has shown promise in improving nanoparticle size control and yield 

(Singh et al., 2020). 
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CONCLUSION 

Biosynthesis of nanoparticles offerings a sustainable, cost-effective, and 

environmentally friendly alternative to traditional methods. However, challenges 

such as standardization, yield optimization, and scalability must be addressed 

for it to become a mainstream production method. Advances in genetic 

engineering, bioprocess optimization, and hybrid synthesis techniques offer 

promising solutions to these challenges, paving the way for the broader adoption 

of green synthesis methods. 

REFERENCES 

1. Ahmed, S., Saifullah, Ahmad, M., Swami, B. L., & Ikram, S. (2016). Green 

synthesis of silver nanoparticles using *_Azadirachta indica_* aqueous leaf 

extract. Journal of Radiation Research and Applied Sciences, 9(1), 1-7.  

2. Al-Radadi, N. S. (2020). Green synthesis of silver nanoparticles: Eco-friendly 

and challenging aspects. Saudi Journal of Biological Sciences, 27(8), 1981-

1989.  

3. Iravani, S. (2019). Green synthesis of metal nanoparticles using plants. Green 

Chemistry, 21(1), 286-311.  

4. Li, X., Xu, H., Chen, Z.-S., & Chen, G. (2018). Biosynthesis of nanoparticles by 

microorganisms and their applications. Journal of Nanomaterials, 2018, 1-12.  

5. Mittal, A. K., Bhaumik, J., Kumar, S., & Banerjee, U. C. (2020). Biosynthesis 

of silver nanoparticles: Elucidation of prospective mechanism and therapeutic 

potential. Journal of Colloid and Interface Science, 540, 1-15.  

6. Moradi, S., Fakhari, S., & Sharifi, M. (2021). Biosynthesis of nanoparticles 

using algae. Journal of Environmental Chemical Engineering, 9(3), 105-155.  

7. Ramesh, P. S., Kokila, T., & Geetha, D. (2019). Plant-mediated green 

synthesis and antibacterial activity of silver nanoparticles using *_Emblica 

officinalis_* fruit extract. Spectrochimica Acta Part A: Molecular and 

Biomolecular Spectroscopy, 142, 339-344.  

8. Sastry, M., Ahmad, A., Khan, M. I., & Kumar, R. (2020). Biosynthesis of 

metal nanoparticles using fungi and actinomycetes. Current Science, 85(2), 

162-170. 



IJAAR    Vol.8 No.4   ISSN – 2347-7075 
 

P. L. Harale                              137 

9. Singh, P., Kim, Y. J., Zhang, D., & Yang, D. C. (2020). Biological synthesis of 

nanoparticles from plants and microorganisms. Trends in Biotechnology, 

34(7), 588-599.  

10. Zhang, X., Yan, S., Tyagi, R. D., & Surampalli, R. Y. (2017). Synthesis of 

nanoparticles by microorganisms and their application in enhancing 

microbiological reaction rates. Critical Reviews in Biotechnology, 37(1), 106-

120. 


