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ABSTRACT 

Nanoparticles possess antimicrobial, antitumor, and antioxidant properties that are useful in the biomedical 

field due to their unique properties, which have a profound impact on human life. The biological synthesis 

of nanoparticles is safer, more eco-friendly, and more economically viable to produce nanoparticles 

organically than using chemical or physical agents. Silver nanoparticles (AgNPs) are appealing to 

researchers in the healthcare field because their wound healing properties and low cost make them less 

expensive than gold. The current work focuses on the biosynthesis of AgNPs from healthy and fungus-

contaminated watermelon rinds in an aqueous medium. In light of many traits of watermelon, DNA 

barcoding has been utilized to identify the species as Citrullus lanatus. It was determined that the color 

changes are indicative of Ag0 metal formation by reduction of Ag2+ ions in the solution and confirmed using 

UV-Vis Spectroscopy. From the collected infected rind, lactophenol cotton blue staining was used to 

identify the species of fungus that caused it. The two pathogenic strains- Staphylococcus aureus (S. aureus) 

and Escherichia coli (E. coli) are evaluated for antibacterial activity employing the agar well diffusion 

method. In addition, the phosphomolybdenum method and hydrogen peroxide scavenging assays were also 

examined the antioxidant properties. The result of this work showed that greater antibacterial activity 

against gram-negative (E. coli) bacteria with the potential of agricultural or bio-wastes as a source is used 

effectively to synthesis silver nanoparticles. 
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INTRODUCTION 

In the present day, the use of nanoparticles (<100nm size) is one of the great discoveries of nanotechnology 

to address the issues that face us each day in the modern world. Silver nanoparticles (AgNPs) are among the 

different metallic and non-metallic nanoparticles that have been widely explored because of their versatility 

and applicability (Satyavani Kaliamurthi et al., 2016). By means of physical, chemical, and biological 

methods silver nanoparticles are synthesized (Figure 1). Of the three, the biological approach is the most 

advantageous as it is cost-effective, simple, rapid, eco-friendly, and biocompatible. Abiotic organisms like 

bacteria, algae, fungi, and plants, play a major role in the biological synthesis of AgNPs. These biological 

sources act as natural reducing agents, stabilizing agents, or capping agents and reduce Ag+ to produce Ag0 

during the synthesis of AgNPs (Rajasree Shanmuganathan et al., 2019). It is also considered a biological 

resource to use bio-wastes for AgNPs synthesis. Using the waste-to-wealth concept to synthesize AgNPs 

from biowaste is a non-toxic, cost-effective, eco-friendly, and alternative-driven manner (Dave Mangindaan 

et al., 2020). 
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Figure 1: Different approaches for the synthesis of metal nanoparticles 

 

It is ideal to use biowastes to synthesize silver nanoparticles because of their low cost and environmental 

friendliness. Industrial waste milk, grape skin, tangerine peel, and banana peel are just a few examples of 

biowaste materials used for synthesizing AgNPs. The watermelon (Citrullus lanatus) is the heaviest and the 

biggest fruit from the family of cucumber (Cucurbitaceae) (Figure 2). It is believed that a watermelon's red 

part is considered edible, whereas its rind is unusable, non-edible, and unmarketable. This fruit’s rind 

provides a lot of functional groups in the form of pectin, citrulline, cellulose, proteins, and carotenoids 

(Oluwa et al., 2021). By using the rind of watermelon as a capping or reducing agent for the synthesis of 

AgNPs, this study is unique in comparison to previous studies using an aqueous-based process that 

synthesized AgNPs from healthy and fungal-infected watermelon rinds individually. The biosynthesis of 

AgNPs with antibacterial properties using watermelon rind is however very rare. This study aims to 

compare the AgNPs synthesis of healthy versus fungus-infected watermelon rind. It was an easy procedure 

here followed that did not require any specialized equipment. The reduction was confirmed by UV–visible 

spectroscopy while noticing a color change. Additionally, tests were conducted on antibacterial activity 

against E. coli and S. aureus, and antioxidant activity was performed. 

 

 
Figure 2: watermelon fruit parts, A-watermelon fruit, B- leaves, C-flower, D-seeds 
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MATERIALS AND METHODS 

 

Collection and Preparation of extracts from Watermelon rinds   

A watermelon bought from the KR market, Bengaluru(India) was both healthy & infected with mold. Rinds 

were thoroughly washed in deionized water after removing red pulp. Both kinds of rinds were cut into fine 

pieces weighing 10g each and boiled for 10 mins separately in a 100ml of Erlenmeyer flask with 50 ml of 

distilled water. Then they were cooled, filtered, and stored at +40C until it was used for synthesis. Both 

watermelon rind extracts were labeled separately as WRE & FWRE respectively. As well as Lactophenol 

cotton blue staining was carried out to identify the fungus on the rind infected with mold. 

Synthesis of AgNPs 

10ml of each watermelon rind extract was added individually to 40ml of a freshly prepared aqueous solution 

of silver nitrate(1mM). An incubation period of 24 to 48 hours was conducted in the dark condition. 

Through observing color changes at different intervals, samples were measured for their maximum 

absorbance around 450nm using UV-visible spectroscopy.  

 

Antibacterial activity  

 

The agar well diffusion method was performed with 5 wells of size 8mm, samples of 100 μl were tested for 

antibacterial activity against S. aureus and E. coli on LB medium. After the spread plate method was used to 

inoculate the culture medium with Ampicillin as a control for the samples and was incubated for a period of 

24 hours at 37°C. 

 

Antioxidant activity  

 

The samples were subjected to two assays to measure their antioxidant potential. They are- 

(i) Phosphomolybdenum method ( Total antioxidant capacity-TAC ): 
At 95°C, the samples were incubated in a boiling water bath for 90 mins with 1ml of Phosphomolybdenum 

reagent and taken blank as a solvent, and the absorbance was measured at 695nm. 

(ii) Hydrogen peroxide scavenging test: 
A phosphate buffer (pH 7.4) is added to all samples containing 0.6ml of hydrogen peroxide. After 

incubation for 10 mins, measured at 230nm against a blank solution with phosphate buffer. 

 

DNA Barcoding 

 

DNA Barcoding is a method, creates a global database of living organisms through the use of international 

protocols and DNA regions to identify species. The methodologies such as Agarose Gel Electrophoresis, 

PCR & Sanger sequencing are utilized for the isolation, purification & identification of the collected 

sample. DNA was isolated from the collected source using the CTAB method, and to ensure the quality of 

the extracted DNA, agarose gel electrophoresis was performed for quantification. The image of the DNA 

band pattern was captured using gel documentation unit. Simultaneously, the purified DNA was then taken 

for Polymerase Chain Reaction to amplify which was employed along with ITS2 primers (forward & 

reverse primer sequences are ITS2-F: ATGCGATACTTGGTGTGAAT & ITS2-R: 

GACGCTTCTCCAGACTACAAT, respectively) of 16-30 nucleotides in length were used to synthesis the 

complementary strand to the extracted DNA (acts as a template ), after which the obtained PCR product was 

subjected for Sanger sequencing. The results of Sanger sequencing were then analyzed using the BLAST & 

Clustal Omega tools to understand phylogenetic relationships.  
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RESULTS AND DISCUSSION  

The fungi Aspergillus species & Clamydospores of Fusarium species were identified using the Lactophenol 

cotton blue staining method (Figure 3) which was isolated from the infected rind. A color change was 

observed after 42 hours after mixing the healthy & fungal infected watermelon rinds extracts individually 

with 1mM AgNO3 solution (Figure 4-A), as well as measuring the synthesis of AgNPs by UV-Visible 

Spectroscopy was reflected in a column graph around 450nm (Figure 4-B). In Figure 5-A and Tabel 1, the 

zone of inhibition exhibited for both E.coli and S. aureus strains with control as ampicillin (1mg/ml). 

Moreover, the bar graph below (Figure 5-B), shows that AgNPs of watermelon rind extracts were more 

efficient in inhibiting gram-negative bacteria than gram-positive ones. As far as-synthesized nanoparticles 

through watermelon rind extracts are concerned, both Phosphomolybdenum & Hydrogen peroxide 

scavenging assays showed no significant results which were represented in the given line graph (Figure 6). 

The DNA band pattern captured was shown in Figure 7-A analyzed with a standard ladder (100bp). The 

resulting sequence (LW) shown below (Figure 7-A) was subjected for Sanger sequencing and the obtained 

sequence was viewed using the FinchTV tool (Figure 7-B), which shows electropherogram peaks. Then, 

with the aid of BLAST identified a similar sequence considering similarity percentage and E value which 

was shown in Tabel 2, and the Clustal Omega tool used for a phylogenetic tree was constructed (Figure 8). 

 

The color change was noted within 7 days of mixing the watermelon rind extracts with 1mM  AgNO3 

solution, which correlates with the earlier work by Dipankar et al., (2012). In this case, the color shift was 

caused by the reduction of the silver ions by functional groups in phytochemicals (Kumar R et al., 2017) and 

extracellular enzymes, metabolites secreted by the fungus (Jaidev and Narasimha, 2010) respectively, 

resulting in silver nanoparticles. The zone of inhibition for both E.coli and S. aureus strains for watermelon 

rind extracts with ampicillin as control with higher inhibition of E. coli than S. aureus. This statement 

corresponds to the Remya Vijayan et al., (2017) work, saying that due to differences like the cell walls of 

bacteria nanoparticles had enhanced antibacterial activity for gram-negative bacteria than those from gram-

positive ones (Elemike et al., 2016). And according to Necmettin Aktepe et al., (2021), AgNPs were 

reported to have MICs of 10 μg/mL on gram-negative E. coli growth, whereas in another eco-friendly study 

a concentration of 0.33 μg/mL inhibited E. coli growth. In another study of a biological approach, inhibition 

of gram-positive S. aureus bacteria growth with a concentration of 250 μg/mL. No such evidence has not 

been found to correlate with this study concerning antioxidant activity since it did not show any relatable 

results with respect to synthesized AgNPs. As the majority of the experiments were performed using DPPH 

assay among those works, Niraimathi et al., (2013) found antioxidant activity was to be enhanced as the 

concentration of the extracts increased. An analysis of the DNA band was performed under UV light via 

DNA barcoding (Vijayan and Tsou, 2010; Shruthi et al., 2020), and data obtained from Sanger sequencing 

was utilized for the phylogenetic tree construction. 

 

 

  
Figure 3: showing a microscopic view of the fungus Aspergillus species & B- chlamydospores of Fusarium species are 

identified by the lactophenol cotton blue staining method 

http://www.ijcrt.org/


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

IJCSP21D1026 International Journal of Current Science (IJCSPUB) www.ijcspub.org 262 
 

 

 

  
Figure 4: Results of visible & uv-visible spectroscopy analysis,  A- photographs of (i)healthy watermelon rinds(WRE), 

(ii)fungal infected watermelon rinds(FWRE), (iii)WRE & WRE-AgNO3, and (iv) FWRE & FWRE-AgNO3, B- column 

graph of AgNPs formed was measured in uv-visible spectra in different intervals 

 

 

  

Figure 5: Showing agar well diffusion method of antibacterial activity, A- photographs of two different pathogenic 

strains and their antibacterial activities in lb medium (i)staphylococcus aureus & (ii)escherichia coli with ampicillin as a 

control (a-control, b-WRE, c-WRE-AgNO3, d-FWRE, and e-FWRE-AgNO3), B- bar diagram indicating a zone of 

inhibition maximum in E. coli compared to S. aureus 

Table 1: Zone of inhibition exhibited by S. aureus and E. coli 

Pathogenic 

strains 

Zone of Inhibition (in mm) 

 Ampicillin 

(1mg/ml) 

WRE 

(100 μl) 

WRE-AgNO3 

(100 μl)  

FWRE 

(100 μl) 

FWRE-

AgNO3 (100 μl) 

S. aureus 20 8 18 8 21 

E. coli 21 8 24 8 27 
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Figure 6: Graphical representation of antioxidant test (i)phosphomolybdennum assay – OD at 695nm and (ii)hydrogen 

peroxide scavenging assay – OD at 230nm 

 

 

Figure 7: Results of DNA barcoding A-captured image of DNA band pattern, B- electropherogram peaks were viewed 

using  

(i)FinchTV (ii) PDF format. 

 

>LW_ITS2 

ACGAGCTAACTATTATTTATTAATAGTAAATTATAAATTAGTTTTAATATTAATTGTCACTCTA

GTTTTAGATTTATTTATTCTATAAATAAACGTAACTAATAATTCTATTCTGTTTTGTTTGAAGAT

AATATATTAGTAGAAAGGATATTCAAAAAGGATATTCAAATTCGAAATATTAAGATAGTGATG

ATATTCTAAATATATTATTAGAAATCGAATTTTCACTTTTAACTATTTTATTATTTCTTAATTGT

ATTTACTTTCATATTGATATATATTTCTAGAAATATTATCTACTTTCTTTAATATATTTATATATA

TTTATGTTTAGTATTTTATAGAAATTATATATATTCTACCTAATAAAACCTAATAAATGAAATT

ATTTCATGTTTAAATTATAACATTTTAAAGTTCGAAAATAGATTTATACTTTACTTGCTTTTATA

CTTGGTCTTGAAGTAGAAAACGTTCCATCTGTTCCTGAATANCTTCTTTCACGTA 
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Table 2: Showing BLAST results to identify hits obtained 

Hit obtained 
Similarity 

percentage 

Query 

coverage 

E 

value 

Accession 

number 

Citrullus lanatus cultivar Crimson 

Sweet trnR-atpA intergenic spacer, 

partial sequence; and AtpA 

97.23% 98% 
0.0 

 
DQ168351.1 

 

 

Figure 8: The phylogenetic tree was constructed for evolutionary analysis of showing its closest relationship 

 

CONCLUSION  

An attempt was made successfully on watermelon rind for synthesizing silver nanoparticles in a biological 

approach, carried out in an aqueous extract of rind, whereas rind was usually considered to be a source of 

biowaste, leading to environmental pollution. Thus, by using biowastes we can reduce environmental 

pollution and increase its economic value, by keeping in mind that bioactive components as well as 

extracellular enzymes, metabolites, proteins of fungus in watermelon rind extract act as both reducing and 

capping agents during nanoparticle synthesis. Since the synthesized nanoparticles showed excellent 

antibacterial properties, they could be used as an alternative to conventional antibiotics, water treatment, 

textile fabrics, and other biological applications are possible. The result of the work shows that not only the 

medicinally valued plants are eligible to synthesize AgNPs, which showed effective antibacterial properties 

with highly toxic against pathogenic bacteria and this green synthesis can be effectively utilized in 

biomedical and biotechnology applications. A future study should consider comparing the inhibition zone of 

different concentrations of extracts and can also compare with other pathogens. And biosynthesis is the best 

alternative and renewable form of nanoparticles synthesis over other harmful methods. 
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