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Abstract 

Silver nanoparticles (AgNP’s) have recently piqued researchers' interest due to their unique features of being environmentally 

benign, safe to use, and cost-effective. In this study fresh fruit peel and fungal infected fruit peel of Citrus sinensis were 

collected. For molecular studies, Genomic DNA was isolated from the peel and the ITS gene was PCR amplified and 

characterized using Sanger sequencing method to determine its phylogenetic relationships. Synthesis of silver nanoparticles 

(AgNP’s) was done by using fruit peel by the process of chemical reduction in the presence of 1mM AgNO3 solution where 

fruit waste of orange peel acts as a capping reagent in the formation of silver nanoparticles and the biosynthesis of silver 

nanoparticles (AgNP’s) was analyzed using UV-Visible spectroscopy. These synthesized silver nanoparticles (AgNP’s) were 

analyzed by UV-visible absorption peak of about 450 nm, which correlates to the absorbance of silver nanoparticles. By Agar 

well diffusion method, the antibacterial activity of silver nanoparticles was tested and showed that synthesized silver 

nanoparticles (AgNP’s) exhibit potential antibacterial effect against gram-positive S.aureus and gram-negative E. Coli bacteria. 

Furthermore, the total antioxidant capacity of the synthesized silver nanoparticles (AgNP’s) was assessed using the 

phosphomolybdenum method and hydrogen peroxide scavenging test exhibiting considerable antioxidant potential. Overall, it 

proved to be a promising antibacterial and antioxidant agent. 
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Introduction 

Nanotechnology is a rapidly evolving scientific area aimed at generating novel materials at the nanoscale level. 

Nanobiotechnology has arisen as a fundamental division of modern nanotechnology with an entirely distinct approach in the 

areas of material science and attracting global attention due to its diverse applications.The primary purpose of employing 

nanoparticles as a delivery mechanism is to keep particle size under control, and optimize the release of pharmacologically 

active substances at a therapeutically appropriate pace to achieve site-specific drug action (Iravani et al., 2014). The most 

commonly utilized nanoparticles include silver, gold, alloy and they are synthesized using a Top-down technique that involves 

breaking down bulk material into nanosized particles and a bottom-up strategy that involves the synthesis of nanoparticles via 

chemical process (Anu and Saravana, 2017). Although these processes generate clean, well-defined nanoparticles, they are 

more costly, energy-intensive and possibly harmful to the environment. Hence, the green synthesis of nanoparticles acts as an 

indispensable technique in the development of non-toxic, clean and also eco-friendly to the environment. 
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Figure 1: Flow chart depicting different methods for the synthesis of nanoparticles and their applications. 

 

The synthesis of nanoparticles by microorganisms is a safe and environmentally benign process where diverse microorganisms 

are used to synthesize nanoparticles. These microorganisms include bacteria, actinomycetes, algae, and fungi. The synthesis of 

nanoparticles can be intracellular or extracellular which depends on the location of nanoparticles. In our experiment, we used 

fungi as the source from fungal infected orange peel which is known to synthesize nanoparticles extracellularly because of their 

immense secretory components (Saba Hasan et al., 2015). Biosynthesis of nanoparticle by utilizing microorganisms, fungus, 

plant, or plant extracts is developing into a major branch of nanotechnology especially silver nanoparticles. Silver nanoparticles 

have numerous applications in the fields of antimicrobial coatings, environmental health, chemical industries, catalysis, drug 

delivery and biosensing. Additionally, silver nanoparticles have pharmacological applications such as anti bactericidal 

activities, antiplasmodial activity, anti fungicidal activities, anticancer studies, antiviral effects, and antioxidant activity 

(Kuppusamy et al., 2016). Silver nanoparticles can be synthesized through physical and chemical processes; however the 

absorption of hazardous substances is a problem with these methods. This constraint can be solved via green synthesis methods 

(Elham et al., 2014). After synthesis, precise particle characterization of nanoparticles is required, since a particle's 

physicochemical qualities can have a major impact on its biological properties. 

 

Citrus fruits are commonly consumed everywhere in the globe because of their antioxidant property such as ascorbic acid, 

flavonoids, phenolic compounds, and pectins that are important to human nutrition (Fereidoon and Yi, 2015).Oranges account 

for more than average of total citrus production and significant portion of this output is devoted to massive volumes of waste, 

including peel, which is the largest by-product. Fruit peel extracts show potential in the food business as sources of bioactive 

chemicals, and therefore can be employed as a primary source for silver nanoparticle manufacturing (Hegazy and Ibrahium, 

2012). 

 

 
 

Figure 2:  Showing different parts of Citrus x sinensis: A-Tree; B-Flower, C-Fruit, D-Seeds. 

 

In our present study, silver nanoparticles (AgNP’s) were produced by utilizing extracts from orange peels and fungal-infected 

orange peels through green synthesis process. The antibacterial activity and inhibitory effect of the produced silver 

nanoparticles (AgNP’s) were investigated against gram-negative and gram-positive bacteria. The antioxidant capacity of 
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synthesized silver nanoparticles (AgNP’s) was assessed using phosphomolybdenum and hydrogen peroxide scavenging activity 

to determine their antioxidant potential.  

 

Materials and Methods 
 

Collection of plant materials 

Fruit waste (peels) was gathered from the fruit shop in Peenya, Bangalore. The collected fruit peels were sterilized and used for 

molecular studies and further activities. 

 

DNA barcoding 

The C-TAB method was used to isolate genomic DNA from the collected fruit peels. The isolated DNA was run on agarose gel 

based on ethidium bromide fluorescent dye staining to check the concentration and purity by comparing with 100bp DNA 

marker. The purified DNA was then taken for Polymerase Chain Reaction to amplify ITS (ITS2F: 

ATGCGATACTTGGTGTGAAT, ITS2R: GACGCTTCTCCAGACTACAAT) using universal primers with general PCR 

conditions i.e, Initial denaturation for 2 minutes at 95°C, followed by final denaturation for 30 seconds at 95°C, annealing for 

30 seconds at 50°C, and elongation for 1 minute at 72°C, followed by final elongation for 10 minutes at 72°C, and repeating 

these stages for 30 cycles. The amplified ITS gene was compared with the 100bp ladder and the obtained PCR products were 

gel-purified by gel elution method to get rid of any salt impurities and further subjected for Sanger Sequencing. The Sanger 

sequencing was done to obtain the basic information of the sequence along with actual nucleotides. The results were depicted in 

the form of Electropherogram peaks. 

 

Bioinformatics analysis 

The quality of obtained sequence was assessed through obtained peaks using Finch TV software. The obtained results were 

converted to the FASTA sequence and were analyzed using NCBI BLAST server to identify similar hits. Further phylogenetic 

tree was constructed to better comprehend its evolutionary relationship with other species. 

 

Lactophenol cotton blue staining 

The fungal sample from infected orange peel was immersed in the drop of alcohol placed on microscope slide. A drop of 

lactophenol cotton blue stain was added and placed a cover slip on it. The prepared slide was then examined to understand the 

morphology of fungal species. 

 

Synthesis of silver nanoparticles  

The orange fruit peel and fungal infected orange peel were collected and transferred separately into beakers containing 50ml 

distilled water and boiled for 5 mins. The extract obtained was filtered through a cheese cloth and stored at 4°C for further use. 

For the green synthesis of silver nanoparticles (AgNP’s), 3ml of each extract was added to 40ml of 1 mM aqueous silver 

nitrate(AgNO3) solution and kept at room temperature for 2-5hrs under dark conditions. The biosynthesis of silver 

nanoparticles (AgNP’s) is confirmed by a shift in color from yellow to a reddish-brown colloidal solution. The reaction was 

monitored under UV-visible spectra at varied time intervals at 450 nm to assess the potential of the produced AgNP’s. 

 

Antibacterial activity 

The antibacterial activity of synthesized silver nanoparticles (AgNP’s) was tested using the well-diffusion method. A cork borer 

was used to punch five wells in an LB agar plate with the bacterial samples spread out on it. In addition, Ampicillin, Orange 

peel extract (OPE), Orange peel extract with silver nanoparticles (OPE-AgNO3), Fungal infected orange peel extract(F-OPE), 

Fungal infected orange peel extract with silver nanoparticles (F-OPE-AgNO3), were inoculated and incubated at 37°C 

overnight to determine the zone of inhibition. 

 

Antioxidant activity 

The total antioxidant capacity of the synthesized silver nanoparticles (AgNP’s) was determined using the phosphomolybdenum 

assay. In which equal amounts of sodium phosphate (28mM), ammonium molybdate (4mM), and H2S04 (0.6M) to prepare 

phosphomolybdenum reagent. 1ml of each peel extract was taken in test tubes containing 3 mL of phosphomolybdenum reagent 

and incubated in a water bath for 1 hour 30 minutes at 90°C. The absorbance of each solution was measured using a 

spectrophotometer at 695 nm against distilled water as blank. 

 

The Hydrogen peroxide scavenging test was also performed to determine antioxidant activity. In which, Hydrogen peroxide 

(40mM), Phosphate buffer (50mM, pH 7.4) was prepared and 1ml of each extract were taken in the test tube. The volume was 

increased by adding phosphate buffer and hydrogen peroxide. Further, they were allowed to incubate at room temperature for 

10 minutes and the absorbance was measured at 230 nm against phosphate buffer as a control. 

 

Results 
The orange fruit peels were collected including fresh orange peel and fungal infected orange peel (figure 3). The fungus on 

contaminated fruit waste of orange peel was identified as Aspergillus niger using lactophenol cotton blue staining (figure 4). 

The Genomic DNA was isolated from orange peel, ITS region was PCR amplified using primers and further subjected to 

Sanger sequencing (figure 5). The results were obtained in the form of electropherogram (figure 6). A similarity hit was 

obtained, and the plant was authenticated as Citrus sinensis followed by phylogenetic tree to understand its evolutionary 

relationships (figure 7). When 1mM of AgNO3 was added to the extract (OPE, F-OPE), the colour changed from yellowish to 

reddish-brown colloidal solution, indicating the formation of AgNP’s (OPE-AgNO3, F-OPE-AgNO3), which was validated by 

the UV–vis spectrophotometer. The absorbance was taken at various time intervals for an aqueous solution of silver nitrate 

(AgNO3) with orange peel (OPE-AgNO3) and fungal infected orange peel (F-OPE-AgNO3) extract (figure 8). The optical 

absorption band peak in all of the solutions was about 450 nm, and FOPE-AgNO3 had the highest absorption in each time 
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interval. The antibacterial activity of the silver nanoparticles (OPE-AgNO3, F-OPE-AgNO3) synthesized by this method was 

examined using the well diffusion method against the E.coli bacteria and S. aureus bacteria (figure 9). The antibacterial 

activities of AgNP’s (OPE-AgNO3, F-OPE-AgNO3), plain orange peel extract (OPE), fungal infected orange peel extract (F-

OPE) were tested and the antibacterial effectiveness of the standard antibiotic ampicillin was also checked. The values of the 

zone of inhibition observed around the wells are given in (Table 1), in which plain peel extracts (OPE) and the fungal infected 

extract (FOPE) were taken as control along with standard ampicillin (1 mg/ml). The results appeared that there is no distinct 

antibacterial activity against E. coli and S. aureus by plain orange peel (OPE) and fungal infected orange peel (FOPE). Silver 

nanoparticles (OPE-AgNO3, F-OPE-AgNO3) were found to be more effective against E. coli than S. aureus and showed a 

greater zone of inhibition (table 1). Further, The antioxidant activity was also determined to analyze its antioxidant potential. In 

comparison to AgNP’s (OPE-AgNO3, F-OPE-AgNO3), fungal infected orange peel (F-OPE) showed significantly higher 

antioxidant activity in both the tests (figure 10 and 11) owing to the presence of a wide range of secondary metabolites. 

 

 
Figure 3:  A. Orange peel extract B. Fungal infected orange peel extract 
 

 
Figure 4: Lactophenol cotton blue staining showing a microscopic image of Aspergillus niger 

 

 

 

 
Figure 5: Genomic DNA and PCR amplicons of ITS from Citrus sinensis 
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Figure 6: Showing peaks obtained in electropherogram of ITS gene 

 

 

Hit:Citrus sinensis isolate CSIN-L1 trnL-trnF intergenic spacer, partial seq 

Similarity percentage: 98.75% 

Query coverage: 94% 

E value: 0.0 

Accession no.: EU178128.1 

 
Figure 7: Phylogenetic tree representing evolutionary relationship of Citrus x sinensis 

 

 

 
Figure 8: UV-Visible spectra taken at different time intervals A. Fresh orange peel B. Fungal infected orange peel 

0

0.2

0.4

0.6

0.8

1

UV-VISIBLE SPECTRA @450nm

3hrs 48hrs

http://www.ijcrt.org/


www.ijcspub.org                                  © 2021 IJCSPUB | Volume 11, Issue 4 December 2021 | ISSN: 2250-1770 

IJCSP21D1027 International Journal of Current Science (IJCSPUB) www.ijcspub.org 271 
 

 
Figure 9: Antibacterial activity against Staphylococcus aureus and E. coli 

 

 

Table 1: The inhibitory zones of extracts against S. aureus and E. coli.  

 

      Extracts 

  

          Zone of Inhibition (mm) 

Staphylococcus aureus Escherichia coli 

 

 AMPICILLIN (1mg/ml) 22 23 

   OPE (100μL) 8 8 

   OPE-AgNO3 (100μL) 22 25 

   FOPE (100μL) 8.5 9 

  FOPE-AgNO3 (100μL) 24 28 

 

 

 

 

 
Figure 10: Graphical representation of Antioxidant activity by Phosomolybdenum method 
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Figure 11: Graphical representation of Antioxidant activity by Hydrogen peroxide method 

 

Discussion 

On a molecular level, nanotechnology investigates a number of interesting approaches in medical sciences, and silver 

nanoparticles (AgNPs) are of particular interest in the current context. The physical, chemical and biological properties 

correlates with the “green” synthesis route combination of silver nanoparticles from fruit rind materials has gotten a lot of 

interest due to the development of eco-friendly, cost-effective technologies in material science (Kiruthika and Somanathan, 

2009; Shabir et al., 2019; Shruthi et al., 2020). Fungal mediated silver nanoparticles (F-OPE-AgNO3) are considered novel due 

to the high number of extracellular enzymes secretions, improved tolerance of nanoparticles leading to excellent stability with 

high nanoparticles concentrations (Srinivasan et al., 2019). UV-Visible absorption spectra were used to examine the effect of 

reaction time on silver nanoparticle formation and it was observed that as reaction time increases, the peaks become stronger. 

Silver has been recognized to exhibit strong toxicity to a wide spectrum of microbes and to possess antibacterial properties. It is 

generally believed that when silver ions which flow from nanoparticles gets oxidized, becomes deadly to bacteria because 

bacterial membranes contain sulfur-containing proteins, and silver nanoparticles Ag+ interact with them as well as with 

phosphorus-containing compounds like DNA to hinder their function (Sondi and Salopek-Sondi, 2004). The rate of the zone of 

inhibition depends on the various shapes and sizes of nanoparticles by which silver nanoparticles (AgNP’s) exhibit antibacterial 

capabilities. Specifically, by attaching or piercing the bacteria's plasma membrane and regulating cellular communication by 

dephosphorylating peptide substrate on tyrosine residues (Moira Carmalita et al., 2021). A single antioxidant test cannot 

determine the complete antioxidant potential and comparing one approach to another is similarly problematic. Using a 

combination of diverse strategies is always advantageous in the current situation (Annu and Shakeel Ahmed, 2018). The 

principle of antioxidant capacity describes the ability of molecules to scavenge free radicals and the antioxidant characteristics 

of silver nanoparticles are dependent on the chemical composition of the extract. The nanoparticles can have a strong 

scavenging action if the extract contains a lot of phytochemicals, phenolic compounds and flavonoids (Zdenka et al., 2020). 

Significant changes in chemical makeup, such as ascorbic acid, limonoids, carotenoids and flavonoids may account for 

differences in the antioxidant potential of various extracts. Hence, by utilization of biological and microbial agents as reducing 

and capping agents when incorporated into environmentally friendly methodology, and when silver nanoparticles (AgNP’s) are 

synthesized with this green method, it acts as a fresh and promising alternative to chemically synthesized nanoparticles. 

 

Conclusion 

Nanotechnology has received a lot of interest because of its potential to boost biotechnology and medical research. In which 

silver nanoparticles are effectively synthesized from a silver nitrate solution utilising fruit waste (peel) as a reducing agent in a 

simple green manner. This green method synthesis of NP’s was characterized using UV-Visible spectrum and the synthesized 

AgNP’s also showed antibacterial action against Gram-negative (E. coli) and Gram-positive (S. aureus) pathogens. 

Furthermore, it had a fair amount of antioxidant activity. As a result, the synthesis of silver nanoparticles from fruit waste (peel) 

is not only environmentally friendly and cost-effective, but it also has effective antibacterial and antioxidant properties, which 

could pave the way for new biomedical applications as nanomedicine in drug delivery systems in the future. 
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