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Abstracts  

The silver nanoparticles, reduced through biological means, exhibited a distinct surface plasmon 

resonance at 440nm, as evidenced by the UV–visible absorption spectrum analysis. FTIR 

analysis was employed to identify the compounds responsible for the bio-reduction of silver ions 

and to elucidate the functional groups present in the leaf extract of P. bigalandulosa. Microscopic 

studies utilizing Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy 

(TEM) further confirmed the spherical shape of the nanoparticles, with an average diameter 

measuring 15 nm. The comprehensive analysis conducted through diverse spectroscopic and 

microscopic techniques enhances our understanding of the synthesized silver nanoparticles. This 

research significantly contributes to the burgeoning field of green synthesis methods, showcasing 

P. bigalandulosa leaf extract as a promising and sustainable precursor. The detailed 

characterization is imperative for discerning the potential applications of these silver 

nanoparticles across various domains, particularly in the realms of biomedical and 

nanotechnology. 

1. Introduction 

Silver nanoparticles (AgNPs) possess distinctive optical, thermal, and electrical properties, 

rendering them versatile for various applications. Over the past decade, AgNPs have found 

utility in sensors 
[1–4]

 , optics 
[5]

 , energy 
[6,7]

 , and catalysis 
[8,9]

 (Zakaria et al., 2020), as well as in 

the medical and pharmaceutical sectors due to their potent toxicity against microorganisms 
[10–12]

. 

The capacity of silver nanoparticles to disrupt the plasma membrane of pathogenic 

microorganisms, thereby inhibiting their activity, has generated considerable interest in their 

application in healthcare 
[13]

. AgNPs demonstrate non-toxicity towards eukaryotic cells, yet 

exhibit high toxicity against prokaryotic cells, including gram-positive bacteria, gram-negative 

bacteria, drug-resistant bacteria, viruses, and fungi 
[14,15]

 . Consequently, silver nanoparticles 

were widely employed as a broad-spectrum antimicrobial compound before the discovery of 

antibiotics in the early 20th century 
[16]

 . Silver nanoparticles (AgNPs) have found application in 

various biomedical products, including contact lenses, bone cement, surgical masks, nano gels, 

nano lotions, wound dressing, etc. 
[17]

 . Researchers have long been engaged in synthesizing 

AgNPs to explore their antimicrobial properties. Recent studies by Lara et al. 
[16]

 and Swolana et 

al. [
18] 

demonstrated that AgNPs exhibit antifungal activity against Candida auris, a pathogenic 

fungus linked to blood serum infections, and antibacterial effects against Staphylococcus 

epidermidis. The antibacterial impact of AgNPs hinders cell division and DNA replication in 

bacterial cells by releasing free silver ions from the nanoparticles. These ions interact with the 
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thiol groups of respiratory enzymes and phosphorous-containing bases, preventing cell division 

and DNA replication 
[19] 

. This study focuses on investigating the antibacterial effect of silver 

nanoparticles synthesized using P. Biglandulosa aqueous leaf extract (PbAgNPs), which acts as 

both a reducing and capping agent 
[20]

. The antibacterial activity of the synthesized silver 

nanoparticles depends on the composition, size, shape, surface charge and is also strongly 

influenced by their method of formation 
[21] 

. Researchers have moved to biosynthetic methods 

for the synthesis of silver nanoparticles to offset some of the disadvantages of using physical and 

chemical methods, such as the requirement of high temperature, pressure, energy, heavy 

equipment, and the usage of toxic chemicals 
[22]

 . Unlike the conventional methods, the 

biosynthetic methods do not require a separate stabilizing reagent. The biosynthetic methods are 

inexpensive, environmental-friendly, don't require high temperature and pressure, and uses non-

toxic materials such as bacteria, fungi, yeast, actinomycetes, and plant extracts for stabilization 

and reduction of nanoparticles 
[23,24]

 . It is beneficial to use plant extracts for synthesis rather than 

microorganisms as we can eliminate the step involving cell culture 
[25,26]

. The reduction of metal 

ions to nanoparticles by plant extract is called phytomining 
[25,26]

 . Biosynthesis of silver 

nanoparticles using plant extract follows a bottom-up approach. Depending on the various 

polyphenols and other heterocyclic compounds present in these plant extracts, silver 

nanoparticles of different morphologies are obtained 
[27]

 . Biosynthesized silver nanoparticles 

have an advantage over conventionally synthesized silver nanoparticles because the 

phytomolecules involved in the nanoparticle. According to a study, there is a large collection of 

published studies regarding the biosynthesis of silver nanoparticles using extracts of various 

parts of the plants such as leaf , bark , flower , fruit , etc. . However, to the best of our 

knowledge, there have been no reports on the synthesis of silver nanoparticles using P. 

biglandulosa leaf extract. P. biglandulosa is a perennial deciduous tree belonging to the Fabaceae 

family. The leaf extract contains steroids, triterpenoids, saponins, tannins, flavonoids, terpenes, 

phenols, sterols, protein, amino acid contents, cardiac glycosides, and reducing sugars Aygun et 

al., 2019 . The leaf extract is also known for its antioxidant property. The phytomolecules 

present in the leaf extract can act as a capping agent for the stabilization of silver nanoparticles 

and a reducing agent for the reduction of silver ions from Ag+ to Ag
0
 . Hence, it can be 

considered as a viable alternative to the physical and chemical methods for the synthesis of silver 

nanoparticles
28-30

. 

In this study, the researchers biosynthesized AgNPs by the reduction of Silver nitrate by P. 

biglandulosa leaf extract. For the comparative study, they chemically synthesized silver 

nanoparticles (AgNPs) using sodium borohydride as the reducing agent. The characterization of 

the size and other morphological properties has been conducted. They have performed the anti-

bacterial activity studies against Bacillus cereus, a gram-positive bacterium, and also the cell 

viability studies using human skin fibroblast cells. 

2. Materials and methods  

2.1. Chemicals 

Silver nitrate (AgNO3) and sodium borohydride (NaBH4) were used for the synthesis of AgNPs. 

The glasswares used for the experiment were thoroughly cleansed, rinsed in distilled water, and 
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dried in a hot air oven. The Petri dishes used for antibacterial studies were autoclaved before the 

study. The fresh P. biglandulosa leaves were collected from GVISH, amravati and were 

identified by the Plant taxonomist at the Department of Botany . All the other necessary 

chemicals were purchased from Sigma-Aldrich. The leaves were washed with purified water and 

dried in a hot air oven at 50°C overnight. The dried leaves were crushed and ground in a mixer 

grinder and mixed with sterilized distilled water. This was filtered through a Whatman No.1 

filter paper to obtain the leaf extract. AgNPs of 80 mM were synthesized by dissolving 0.470g of 

silver nitrate in 30 ml of aqueous solution of the above prepared P. biglandulosa leaf extract. The 

reaction mixture was continuously stirred until a color change was observed from yellowish-

brown to greyish-brown. The reaction mixture was irradiated with microwave irradiation for 

about 120 s and the color of the extract turned to dark brown color . Tyndall effect was observed 

in the presence of light
31-35

. 

 

 

Fig . A,B represent TEM,C represent SEM, D represent FTIR,E represent U.V. 

3. Results and discussions  

3.1. Formation of the silver nanoparticles 

After 30 minutes, signifying the full formation of silver nanoparticles, a noticeable color change 

occurred. In the absence of the leaf extract, no change in color was observed, indicating the 

absence of silver nanoparticles. The UV–visible spectrophotometer's absorption spectra provided 

additional confirmation of silver nanoparticle formation, with the maximum absorbance recorded 

at 440 nm. The intense absorption of radiation at this wavelength is attributed to the oscillation 

of free electrons within the synthesized silver nanoparticles. A peak in Fig. 1(c) exhibits lower 

absorbance due to further sample dilution. FTIR analysis was employed to identify the 

biomolecules acting as both reducing and capping agents in the reduction of Ag ions. The FTIR 

spectrum of P. biglandulosa leaf extract revealed distinct absorption peaks at various locations, 

including 3420 cm
1
, 2024 cm

1
, 1607 cm

1
, and 573 cm

1
 (Fig. 2) 

[38]
. The absorption band at 573 
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cm1 was attributed to C–Cl stretching of halogen compounds, while 2024 cm1 was associated 

with alkynyl C–––C stretching, and 1637 cm1 had a specific assignment. The FTIR spectrum 

revealed specific absorption bands for the PbAgNPs, with peaks at 3436 cm
1
, 2027 cm

1
, 1622 

cm
1
, and 529 cm1. These correspond to carbonyl group stretching, alkynyl C–––C stretching, 

and other relevant functional groups. Notably, the similarity between the FTIR spectra of the 

PbAgNPs and the leaf extract suggests the presence of residual moieties from the 

phytomolecules, serving as stabilizing agents. The carbonyl groups in the extract form amino 

acid residues, leading to protein formation, which binds strongly to the metal, acting as a capping 

agent and preventing agglomeration 
[38].

 The stability of PbAgNPs for approximately 2 months 

indicates effective stabilization. The interaction in the hydroxyl group area and the fingerprint 

region suggests the involvement of flavonoids, alcoholic and phenolic compounds, tannins, 

terpenoids, and glycosides present in the leaf extract in the reduction of Ag ions 
[39,40] .

 SEM 

image spiral spherical  structure.TEM images revealed that the PbAgNPs exhibited a 

predominantly spherical shape with monodispersed distribution and an average particle size of 

15 nm. At low resolution, the nanoparticles were well-separated, displaying uniform interparticle 

separation (Fig.). The TEM images (Fig. 3a and b) indicated that the surface of the silver 

nanoparticles was coated with an organic layer. This organic layer, as identified by FTIR 

analysis, consisted of phytomolecules such as flavonoids, alcoholic and phenolic compounds, 

tannins, terpenoids, and glycosides. These phytomolecules played a crucial role in the reduction 

of Ag ions and the stabilization of the nanoparticles' surface. The majority of particles were not 

in contact with each other but were separated by the organic layer, indicating effective dispersion 

in the bio-reduced aqueous solution [41]. The selected area electron diffraction pattern confirmed 

the crystalline nature of the PbAgNPs, with bright circular spots indicating their single-

crystalline nature 
[42].

. 

4.Conclusion 

In this study, silver nanoparticles were biologically synthesized utilizing the leaf extract of P. 

biglandulosa and comprehensively characterized through UV–Visible spectroscopy,SEM TEM, 

and IR analyses. The synthesized silver nanoparticles exhibited remarkable stability for 

approximately 2 months without any agglomeration.SEM, TEM results revealed that the silver 

nanoparticles predominantly exhibited a spherical shape with an average particle size of 15 nm. 

Additionally, These findings suggest that the developed biosynthesized silver nanoparticles hold 

potential for diverse medical and pharmaceutical applications. 

References 

[1] Megha A. Deshmukh, Byeong-Cheol Kang, Tae-Jun Ha, Non-enzymatic electrochemical 

glucose sensors based on polyaniline/reduced-graphene-oxide nanocomposites functionalized 

with silver nanoparticles, J. Mater. Chem. C Mater 

Juanmin Li, Jie Xu, Wenfeng Guo, Wencheng Zhong, Qiang Li, Lili Tan, Li Shang, Ratiometric 

fluorescence sensors for heparin and heparinase based on enhanced excimer emission of perylene 

probe induced by cationic silver nanoparticles, Sensor. Actuator. B Chem. 305 (2020) 127422, 

https://doi.org/10.1016/ j.snb.2019.127422.  



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 
Research Paper © 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 11, Iss  12,  2022 

 

15074 

 

[3] Paolo Prosposito, Luca Burratti, IoleVenditti, Silver nanoparticles as colorimetric sensors for 

water pollutants, Chemosensors 8 (2020) 26, https://doi.org/10.3390/ chemosensors8020026.  

[4] Xiaoping Shen, Li Zheng, Ruixin Tang, Kangchen Nie, Zhe Wang, Chunde Jin, Qingfeng 

Sun, Double-network hierarchical-porous piezoresistive nanocomposite hydrogel sensors based 

on compressive cellulosic hydrogels deposited with silver nanoparticles, ACS Sustain. Chem. 

Eng. 8 (2020) 7480–7488, https://doi.org/ 10.1021/acssuschemeng.0c02035.  

[5] Abolghasem Jouyban, Rahimpour Elaheh, Optical sensors based on silver nanoparticles for 

determination of pharmaceuticals: an overview of advances in the last decade, Talanta 217 

(2020) 121071, https://doi.org/10.1016/ j.talanta.2020.121071.  

[6] N. Pradeep, K. Paramasivam, T. Rajesh, V. Subash Purusothamanan, S. Iyahraja, Silver 

nanoparticles for enhanced thermal energy storage of phase change materials, Mater. Today 

(2020), https://doi.org/10.1016/j.matpr.2020.02.671, 2020.  

[7] James Walshe, Pauraic Mc Carron, Conor McLoughlin, Sarah McCormack, John Doran, 

Amarandei George, Nanofluid development using silver nanoparticles and organic- luminescent 

molecules for solar-thermal and hybrid photovoltaicthermal applications, Nanomaterials 10 

(2020) 1201, https://doi.org/10.3390/ nano10061201. 

 [8] Longbin Qi, Keming Zhang, Wei Qin, Yunxia Hu, Highly efficient flow-through catalytic 

reduction of methylene blue using silver nanoparticles functionalized cotton, Chem. Eng. J. 388 

(2020) 124252, https://doi.org/10.1016/ j.cej.2020.124252.  

[9] Weihua Zhang, Xiaoju Wang, Yongchao Zhang, ErmeiM€akil€a Bas van Bochove, Jukka 

Sepp€al€a, Wenyang Xu, Stefan Willfor, Chunlin Xu, Robust shape-retaining € nanocellulose-

based aerogels decorated with silver nanoparticles for fast continuous catalytic discoloration of 

organic dyes, Separ. Purif. Technol. 242 (2020) 116523, 

https://doi.org/10.1016/j.seppur.2020.116523.  

[10] F. Gol, A. Aygün, A. Seyrankaya, T. Gür, C. Yenikaya, F. S € ¸ en, Green synthesis and 

characterization of Camellia sinensis mediated silver nanoparticles for antibacterial ceramic 

applications Mater, Chem. Phys. 250 (2020) 123037, https://doi.org/ 

10.1016/j.matchemphys.2020.123037.  

[11] Humberto H. Lara, Dulce G. Romero-Urbina, Christopher Pierce, L. Jose, LopezRibot, M. 

Josefina Arellano-Jimenez, Miguel Jose-Yacaman, Effect of silver nanoparticles on Candida 

albicans biofilms: an ultrastructural study, J. Nanobiotechnol. 13 (2015) 1–12, 

https://doi.org/10.1186/s12951-015-0147-8.  

[12] Dulce G. Romero-Urbina, Humberto H. Lara, J. Jesús Velazquez-Salazar, M. Josefina 

Arellano-Jimenez, Eduardo Larios, Anand Srinivasan, L. Jose, Lopez-Ribot, Miguel Jose 

Yacaman, Ultrastructural changes in methicillin-resistant Staphylococcus aureus induced by 

positively charged silver nanoparticles, Beilstein J. Nanotechnol. 6 (2015) 2396–2405, 

https://doi.org/10.3762/bjnano.6.246. 

 [13] D. Borah, A.K. Yadav, A novel 'green' synthesis of antimicrobial silver nanoparticles 

(AgNPs) by using Garcinia morella (gaertn) desr, Fruit Extract; Nanosci and Nanotechnol Asia 5 

(3) (2015) 25–31.  

https://doi.org/10.1186/s12951-015-0147-8
https://doi.org/10.3762/bjnano.6.246


IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 
Research Paper © 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 11, Iss  12,  2022 

 

15075 

 

[14] Anand Kumar Keshari, Ragini Srivastava, Payal Singh, Virendra Bahadur Yadav, Gopal 

Nath, Antioxidant and antibacterial activity of silver nanoparticles synthesized by Cestrum 

nocturnum, J. Ayurveda Integr. Med. 11 (2020) 37–44, 

https://doi.org/10.1016/j.jaim.2017.11.003.  

[15] D. Borah, P. Buragohain, A. Saikia, R.N.S. Yadav, Synthesis and evaluationof antimicrobial 

silver nanoparticles on multidrug-resistant bacterial isolates from urine samples of diabetic 

patients and infected human soft tissues, Bionanoscience 2 (2012) 322–328, 

https://doi.org/10.1007/s12668-012-0053-6.  

[16] Humberto H. Lara, Liliana Ixtepan-Turrent, Miguel Jose Yacaman, Jose LopezRibot, 

Inhibition of Candida auris biofilm formation on medical and environmental surfaces by silver 

nanoparticles, ACS Appl. Mater. Interfaces 12 (2020) 21183–21191, 

https://doi.org/10.1021/acsami.9b20708. 

[17] Prakash Bhuyar, MohdHasbi Ab Rahim, Sathyavathi Sundararaju, Rameshprabu Ramaraj, 

Gaanty PragasManiam, Natanamurugaraj Govindan, Synthesis of silver nanoparticles using 

marine macroalgae Padina sp. and its antibacterial activity towards pathogenic bacteria, Beni-

Suef Uni. J. Basic and Appl. Sci. 9 (2020) 1–15, https://doi.org/10.1186/s43088-019-0031-y.  

[18] Denis Swolana, Danuta Idzik MałgorzataKępa, Arkadiusz Dziedzic, Agata KabałaDzik, 

Tomasz J. Wąsik, Robert D. Wojtyczka, The antibacterial effect of silver nanoparticles on 

Staphylococcus epidermidis strains with different biofilm-forming ability, Nanomaterials 10 

(2020) 1010, https://doi.org/10.3390/nano10051010.  

[19] M. Dhanalakshmi, S. Thenmozhi, K. Manjula Devi, S. Kameshwaran, Silver nanoparticles 

and its antibacterial activity, Int J Pharm Biol Arch 4 (2013) 819–826. 

 [20] Zohaib Khurshid, Shariq Najeeb, Muhammad Sohail Zafar, Farshid Sefat (Eds.), Advanced 

Dental Biomaterials, Woodhead Publishing, United Kingdom, 2019, pp. 7–35.  

[21] DevitaCahyaniVarin Arifin, Desi IndriyaniSaragih, Sri JuariSantosa, Antibacterial activity 

of silver nanoparticles synthesized using tyrosine as capping and reducing agent, IJETER 8 

(2020) 2415–2421, https://doi.org/10.30534/ijeter/2020/ 34862020.  

[22] D. Borah, M. Hazarika, P. Tailor, A.R. Silva, B. Chetia, G. Singaravelu, P. Das, Starch-

templated bio-synthesis of gold nanoflowers for in vitro antimicrobial and anticancer activities, 

Appl. Nanosci. 8 (2018) 241–253, https://doi.org/10.1007/ s13204-018-0793-x.  

[23] Khwaja Salahuddin Siddiqi, Azamal Husen, Rifaqat Ak Rao, A review on biosynthesis of 

silver nanoparticles and their biocidal properties, J. Nanobiotechnol. 16 (2018) 14, 

https://doi.org/10.1186/s12951-018-0334-5.  

[24] M. Hazarika, G.D. Kalita, S. Pramanik, D. Borah, P. Das, Bio-functionalized anisotropic 

gold nanoparticles as efficient catalyst for nitrile hydration and hydrogenation of nitrophenol, 

Curr. Opin. Green Sustain. Chem. 3 (2020) 100018, https://doi.org/10.1016/j.crgsc.2020.100018. 

 [25] A.C. Gomathi, SR Xavier Rajarathinam, A. Mohammed Sadiq, S. Rajeshkumar, Anticancer 

activity of silver nanoparticles synthesized using aqueous fruit shell extract of Tamarindus indica 

on MCF-7 human breast cancer cell line, J. Drug Deliv. Sci. Technol. 55 (2020a) 101376, 

https://doi.org/10.1016/j.jddst.2019.101376. 

https://doi.org/10.1016/j.jaim.2017.11.003
https://doi.org/10.1007/s12668-012-0053-6
https://doi.org/10.1186/s43088-019-0031-y
https://doi.org/10.3390/nano10051010
https://doi.org/10.1186/s12951-018-0334-5
https://doi.org/10.1016/j.crgsc.2020.100018
https://doi.org/10.1016/j.jddst.2019.101376


IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 
Research Paper © 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 11, Iss  12,  2022 

 

15076 

 

 [26] M. Gomathi, A. Prakasam, P.V. Rajkumar, S. Rajeshkumar, R. Chandrasekaran, P.M. 

Anbarasan, Green synthesis of silver nanoparticles using Gymnemasylvestre leaf extract and 

evaluation of its antibacterial activity, S. Afr. J. Chem. Eng. 32 (2020b) 1–4, 

https://doi.org/10.1016/j.sajce.2019.11.005. 

 [27] Subas Dangi, Aakash Gupta, Dipak Kumar Gupta, Sanjay Singh, Niranjan Parajuli, Green 

synthesis of silver nanoparticles using aqueous root extract of Berberis asiatica and evaluation of 

their antibacterial activity, Chem. Data Coll. 28 (2020) 100411, 

https://doi.org/10.1016/j.cdc.2020.100411.  

[28] Satish B. Manjare, Sandip G. Sharma, Vijay L. Gurav, Mamata R. Kunde, Sneha S. Patil, 

Shankar R. Thopate, Biosynthesis of silver nanoparticles using leaf and bark extract of indian 

plant carissa carandas, characterization and antimicrobial activity, Asian J. Nanosci. Mater. 3 

(2020) 58–66, https://doi.org/10.26655/ AJNANOMAT.2020.1.6. 

 [29] Corneliu Tanase, Lavinia Berta, Anca Mare, Adrian Man, Adina Iulia Talmaciu, Ioana 

Roșca, Eleonora Mircia, Irina Volf, Valentin I. Popa, Biosynthesis of silver nanoparticles using 

aqueous bark extract of Piceaabies L. and their antibacterial activity, Eur. J. Wood. Prod 78 

(2020) 281–291, https://doi.org/10.1007/s00107- 020-01502-3.  

[30] Paulkumar Kanniah, ParvathirajaChelliah JilaRadhamani, Muthusamy Natarajan, Jebasingh 

Emmanuel Joshua, Thangapandi SathiyaBalasingh, Thangapandi JesiReeta, Subburathinam 

Balakrishnan, Rajeshkumar Shanmugam, Green synthesis of multifaceted silver nanoparticles 

using the flower extract of aervalanataand evaluation of its biological and environmental 

applications, Chemistry 5 (2020) 2322–2331, https://doi.org/10.1002/slct.201903228. 

 [31] R. Renuka, K. Renuka Devi, M. Sivakami, T. Thilagavathi, R. Uthrakumar, K. Kaviyarasu, 

Biosynthesis of silver nanoparticles using phyllanthusemblicafruit extract for antimicrobial 

application, Biocatal. Agric. Biotechnol. 101567 (2020), 

https://doi.org/10.1016/j.bcab.2020.101567.  

[32] B. Gogoi, R. Kumar, J. Upadhyay, D. Borah, Facile biogenic synthesis of silver 

nanoparticles (AgNPs) by Citrus grandis (L.) Osbeck fruit extract with excellent antimicrobial 

potential against plant pathogens, SN Appl. Sci. 2 (2020) 1723, https://doi.org/10.1007/s42452-

020-03529-w. 

 [33] V. Ravichandran, S. Vasanthi, S. Shalini, Syed Adnan Ali Shah, M. Tripathy, Paliwal 

Neeraj, Green synthesis, characterization, antibacterial, antioxidant and photocatalytic activity of 

Parkia speciosa leaves extract mediated silver nanoparticles, Results Phys 15 (2019) 102565, 

https://doi.org/10.1016/ j.rinp.2019.102565. 

[34] Sijo Francis, Siby Joseph, Ebey P. Koshy, Beena Mathew, Microwave assisted green 

synthesis of silver nanoparticles using leaf extract of elephantopusscaberand its environmental 

and biological applications, Artif. Cell. Nanomed B 46 (2018) 795–804, 

https://doi.org/10.1080/21691401.2017.1345921.  

[35] M. Nidhin, R. Sakshi, Mapana. J. Sci. 17 (2018) 11–17. 

 [36] Jin-Ha Choi, Jin-Ho Lee, Joohyung Son, Jeong-Woo Choi, Noble metal-assisted surface 

plasmon resonance immunosensors, Sensors 20 (2020) 1003, https:// 

doi.org/10.3390/s20041003. 

https://doi.org/10.1016/j.sajce.2019.11.005
https://doi.org/10.1016/j.cdc.2020.100411
https://doi.org/10.1002/slct.201903228
https://doi.org/10.1016/j.bcab.2020.101567
https://doi.org/10.1007/s42452-020-03529-w
https://doi.org/10.1007/s42452-020-03529-w


IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 
Research Paper © 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 11, Iss  12,  2022 

 

15077 

 

 [37] Jerushka S. Moodley, Suresh Babu, Naidu Krishna, Karen Pillay, Patrick Govender, Green 

synthesis of silver nanoparticles from Moringa oleifera leaf extracts and its antimicrobial 

potential, Adv. Nat. Sci-Nanosci 9 (2018), 015011, https://doi.org/ 10.1088/2043-6254/aaabb2.  

[38] K.L. Niraimathi, V. Sudha, R. Lavanya, P. Brindha, Biosynthesis of silver nanoparticles 

using Alternanthera sessilis(Linn.) extract and their antimicrobial, antioxidant activities, Colloids 

Surf., B 102 (2013) 288–291, https://doi.org/ 10.1016/j.colsurfb.2012.08.041. 

 [39] Yangqing He, Fenfei Wei, Zhanying Ma, Hao Zhang, Qian Yang, Binghua Yao, Zhengrui 

Huang, Jie Li, Cun Zeng, Qian Zhang, Green synthesis of silver nanoparticles using seed extract 

of Alpinia katsumadai, and their antioxidant, cytotoxicity, and antibacterial activities, RSC Adv. 

7 (2017) 39842–39851, https:// doi.org/10.1039/C7RA05286C.  

[40] Daizy Philip, Green synthesis of gold and silver nanoparticles using Hibiscus rosa sinensis, 

Physica E Low Dimens. Syst. Nanostruct. 42 (2010) 1417–1424, https:// 

doi.org/10.1016/j.physe.2009.11.081.  

[41] M.Z.H. Khan, F.K. Tareq, M.A. Hossen, M.N.A.M. Roki, Green synthesis and 

characterization of silver nanoparticles using Coriandrum sativum leaf extract, J. Eng. Sci. 

Technol. 13 (2018) 158–166. 

 [42] Remya Vijayan, Siby Joseph, Beena Mathew, Augmented antimicrobial, antioxidant and 

catalytic activities of green synthesised silver nanoparticles, Mater. Res. Express 5 (2018), 

085022, https://doi.org/10.1088/2053-1591/aaaf33. 

 [43] Farhat Ali Khan, Muhammad Zahoor, Abdul Jalal, Aziz Ur Rahman, Green synthesis of 

silver nanoparticles by using Ziziphus nummularialeaves aqueous extract and their biological 

activities, J. Nanomater. 2016 (2016) 1–8, https://doi.org/10.1155/ 2016/8026843.  

[44] Haytham MM. Ibrahim, Green synthesis and characterization of silver nanoparticles using 

banana peel extract and their antimicrobial activity against representative microorganisms, J. 

Radiat. Res. 8 (2015) 265–275, https://doi.org/10.1016/ j.jrras.2015.01.007.  

[45] Richa Srivastava, Synthesis and characterization techniques of nanomaterials, Int. J. Green 

Nanotechnol. 4 (2012) 17–27, https://doi.org/10.1080/ 19430892.2012.654738 

 

 

https://doi.org/10.1088/2053-1591/aaaf33

