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The aim of the present study is to synthesise silver nanoparticles (AgNPs) 
from ash gourd and cucumber peel extracts and analyse their antimicrobial 
activities. The synthesised AgNPs are characterized by UV-Visible and FTIR 
spectral analysis. The synthesised AgNPs showed the corresponding surface 
plasmon resonance peak in the range of 440-459 nm. The absorption peaks 
indicated the poly dispersed nature of the AgNPs. The bioactive molecules 
present in the peel extracts not only reduced the Ag+ ions to AgNPs but 
also stabilized the synthesised AgNPs. The nature and the particle size of 
the synthesised AgNPs were determined using XRD analysis. The surface 
morphology of the synthesised AgNPs was analyzed by SEM analysis. The 
synthesised AgNPs exhibited antimicrobial activity on selected microorganisms 
taken in the present study. The synthesised AgNPs directly interacted with the 
outer membrane of the microorganism, causing the membrane to rupture 
and thus killing the microorganism. Hence, the AgNPs synthesised from ash 
gourd and cucumber peel extracts are used as drugs for microbial infection. 
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INTRODUCTION
Vegetables and fruits stand as the most 

commonly consumed agricultural produce; 
however, their peels create substantial waste, 
resulting in both nutritional and economic losses. 
The processing of vegetables and fruits generate 
significant waste such as peels, rind, seeds etc., 
leading to environmental problems. According to 
the FAO (Food and Agriculture Organization), food 
wastage is the second highest cause of greenhouse 
gas emission [1]. Vegetables and fruits waste 
consist of high amounts of bioactive compounds 
and these bioactive compounds exhibit strong 
antioxidant, antimicrobial, anticancer, antidiabetic 
and antihypocholesterolemic properties [2-5]. 

Nowadays, these vegetable and fruits wastes 
are utilized for the production of edible films, 
nanoparticles, and other valuable products [6]. 
The compounds found in vegetable peels serve 

as agents that reduce and stabilize nanoparticle 
formation during synthesis. Several researchers 
describe the process of creating nanoparticles 
using leftovers from food. Among the noble metal 
nanoparticles, silver nanoparticles (AgNPs) find 
a multitude of applications across various fields 
due to their unique properties [7]. Because of 
their distinct characteristics and applications, 
many researches have made considerable efforts 
towards synthesizing AgNPs using green synthetic 
approaches [8,9]. Deepa and co-workers synthesised 
AgNPs from vegetable waste of pea and bottle 
gourd and analyzed their antibacterial properties 
[10]. Jain and co-workers synthesised FeNPs from 
the peel extracts of Artocarpus heterophyllus [11]. 
Raul et al., determined the larvicidal activity of 
silver nanohybrids synthesized from peel waste of 
some fruits and vegetables [12]. Surendra et al., 
reported the toxicological and biological activities 
of zinc oxide nanoparticles synthesized from the 
peel extract of Moringa oleifera [13]. Sharma and 
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co-workers described the antimicrobial efficacy of 
AgNPs synthesized by vegetable wastes [14]. 

According to the review of literature, this study 
concentrates on the creation of AgNPs using extracts 
obtained from the peels of ash gourd (Benincasa 
Hispida) and cucumber  (Cucumis sativus). The 
peel extracts of ash gourd and cucumber consists 
of polyphenols, flavonoids, glycosides, proteins, 
vitamins, minerals, carbohydrates, beta-carotene, 
magnesium, potassium, manganese, calcium, iron, 
potassium and iodine [15-18]. The phytochemicals 
and nutrients present in the peel extracts are 
responsible for producing the AgNPs. The formation 
of AgNPs was confirmed by spectroscopic analysis. 
The particle nature and the particle size were 
determined by XRD and SEM analysis. The 
antimicrobial properties of AgNPs on certain 
microorganisms Klebsiella pneumonia, Escherichia 
coli, Staphylococcus aureus, Pseudomonas aerogenisa, 
Candida albicans and Aspergillus were evaluated.

EXPERIMENTAL 
Materials

The peels of ash gourd and cucumber were 
collected from the kitchen waste. Silver nitrate 
(purity 99 %) was purchased from Merck. 
Deionized water was utilized for the experiments. 

Preparation of Vegetable Peel Extracts	
Vegetable peels of ash gourd and cucumber 

were washed with distilled water and 20 g of each 
were taken separately in a 250 mL conical flask. The 
contents were boiled using distilled water (100 mL) 
for 5 min. The corresponding peel extracts were 
collected, filtered, and centrifuged for 10 min at 
8,000 rpm. The corresponding supernatant extracts 
were used as such for the preparation of AgNPs.

Synthesis of AgNPs
About 90 mL of aqueous AgNO3 solution (1 

mM) was added to 10 mL of the corresponding 
vegetable peel extracts taken in a 250 mL conical 
flask, incubated for 20 min. The preliminary 
detection of the resulting AgNPs was identified by 
the alteration in colour from colourless to brown. 
Thus, the AgNPs formed were centrifuged for 10 
min and distributed in deionized water. The pellets 
of AgNPs formed was collected, dried at room 
temperature, and stored. 

Characterization Techniques
The UV-Visible spectral analysis of AgNPs 

was carried out by Shimadzu UV-1800 
spectrophotometer. FTIR spectral analysis of the 
synthesised AgNPs was conducted using Shimadzu 
IR Affinity-1 spectrophotometer using KBr pellet 
sampling technique. The particle nature and particle 
size of the synthesised AgNPs were determined via 
XRD pattern using X-ray diffractometer Ultima 
III, Rigaku, Tokyo. XRD analysis pattern of AgNPs 
on glass slides was recorded with Cu Kα radiation 
(λ = 1.5406 Å) source in the range of 2θ, 10°-80° 
with 4°/minute scanning rate. The morphology and 
the size of the AgNPs were determined utilizing 
Quanta 250 FEG scanning electron microscope.

Antimicrobial Activity of AgNPs
The antimicrobial properties of AgNPs 

with Klebsiella pneumonia, Escherichia coli, 
Staphylococcus aureus, Pseudomonas aerogenisa, 
Candida albicans and Aspergillus were analyzed by 
Kirby-Bauer discs diffusion method. The microbes 
taken in the present investigation were grownup 
in LB broth for 24 h. Approximately 20 mL of 
agar was transferred into the culture plate. The 
organisms under test were streaked across the agar, 
and disks containing AgNPs were placed on the 
medium using sterilized tongs. The antimicrobial 
effectiveness was assessed by measuring the 
inhibition zones. 

RESULTS AND DISCUSSION
The current study reveals a cost-effective, 

eco-friendly approach for the mass production 
of AgNPs using extracts from ash gourd and 
cucumber peels. The initial detection of AgNPs 
derived from these peels was indicated by a change 
in colour. Furthermore, the colour of AgNPs varies 
based on the size of the nanoparticles.

UV-Visible Spectral Analysis 
The UV-Visible spectra of AgNPs showed 

an absorbance at 440 - 459 nm. The uptake of 
AgNPs, produced through the reduction of Ag+ 
ions in a water-based solution, occurred due to the 
synchronized movement of their conduction band 
electrons reacting to electromagnetic waves [18]. 
The broadening of the absorption spectrum of 
AgNPs indicated the poly dispersive nature of the 
materials (Fig.1). 

FTIR Spectral Analysis 
The FTIR spectra of AgNPs synthesized from 

ash gourd and cucumber demonstrate similar bands 
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at 3464, 2926, 2854, 2345, 1636, 1464, 1023 and 
547 cm-1, respectively (Fig. 2). The broad band at 
3464 cm-1 represents the O-H stretching frequency 
of H-bonded alcohols or phenols. The presence of 
weak bands at 2926, 2854 and 1464 cm-1 indicate the 
C-H stretching of methyl and methylene groups. 
The band at 2345 cm-1 is due to the asymmetric 
stretching of C-H bond. The strong absorption 
band at 1636 cm-1 depicts the C=O stretching of 
an ester. The weak band at 1023 cm-1 is assigned 
to C-O stretching of primary alcohols. The FTIR 
spectral data confirm that the polyphenols present 
in the peel extracts of ash gourd and cucumber are 
responsible for the production of AgNPs at room 

temperature. Similar results are reported for the 
FTIR analysis of AgNPs synthesised from Cucumis 
prophetarum leaf extract [19].

XRD Analysis of AgNPs
XRD analysis is used for the determination of 

particle nature and size of AgNPs synthesized from 
vegetable peel extracts (Fig. 3). The diffractogram 
of synthesised AgNPs is in accordance with the 
diffraction pattern of JCPDS silver file No. 65-
2871. The formation of AgNPs are confirmed 
from the diffraction pattern, the peaks at 2θ values 
37.947, 44.219, 64.240 and 77.257 degree in the 
diffractogram indicates the presence of silver metal 

 

 

Fig. 1 Absorption spectrum of AgPNs formed from peel extract of (a) ash gourd (b) cucumber 

  

 

 

 

Fig. 2 FTIR spectra of AgNPs formed from vegetable peel extracts 

 

 

 

  

Fig. 1. Absorption spectrum of AgPNs formed from peel extract of (a) ash gourd (b) cucumber

Fig. 2. FTIR spectra of AgNPs formed from vegetable peel extracts
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and the corresponding (hkl) values are (111), 
(200), (220) and (311). The crystalline size of the 
synthesised AgNPs determined from Scherrer 
formula is found to be 25 nm. The XRD data 
confirm the face centered cubic geometry of AgNPs 
which is in accordance with the face centered XRD 
pattern of AgNPs reported by Feng et al., [20]. 

SEM Analysis of AgNPs
The SEM image of the synthesized AgNPs shows 

that the particles are spherical and non-uniformly 
distributed with a diameter of 28 nm (Fig. 4). The 
SEM image shows that most of the AgNPs are 
aggregated and the result is in accordance with the 
SEM image of AgNPs synthesized from Taraxacum 

officinale [21]. 

Antimicrobial Activity of AgNPs
The synthesized AgNPs from the peel extracts of 

ash gourd and cucumber demonstrate antimicrobial 
properties on Klebsiella pneumonia, Escherichia 
coli, Staphylococcus aureus, Pseudomonas 
aerogenisa, Candida albicans and Aspergillus. 
The zone of inhibition of the synthesized AgNPs 
against the selected human pathogens taken in the 
present investigation is shown in Fig. 5. The AgNPs 
synthesized from ash gourd peel extract exhibit 
higher activity on Candida albicans than that of 
the other pathogens. The AgNPs from cucumber 
peel extract show higher activity on Escherichia coli 

 

 

 

 

Fig. 3 XRD pattern of AgNPs 

  

Fig. 3. XRD pattern of AgNPs 

 

 

Fig. 4 SEM image of AgNPs 

  

Fig. 4. SEM image of AgNPs
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(gram-negative) than that of the other microbes. 
As per the literature, the antibacterial activity of 
AgNPs synthesized from vegetable peel extracts 
is higher in the case of the gram-negative bacteria 
[22,23]. Gram-negative bacteria possess a single 
peptidoglycan layer in their membrane, whereas 
gram-positive microorganism have numerous 
peptidoglycan layer. This structural difference 
makes gram-positive bacteria tougher and more 
resistant to rupture compared to their gram-
negative counterparts. 

Usually, gram-negative microorganism 
is more sensitive to silver ions because of the 
presence of various targets for interaction within 
the bacterial cell. The small size of AgNPs allows 
them to penetrate the bacterial cell walls more 
effectively. Their increased surface area enhances 
the contact between the nanoparticles and bacterial 
membranes. Another reason is that the negatively 
charged surface of gram-negative bacteria may 
facilitate electrostatic interactions with the 
positively charged AgNPs. This interaction can 
lead to adsorption and disruption of the bacterial 
cell membrane [24,25]. Thus, the gram-negative 
bacteria demonstrate higher zone of inhibition. 
The obtained results indicate that the AgNPs 
synthesized from the peel extract of ash gourd 
and cucumber exhibit antimicrobial activities. 
The synthesised AgNPs directly interact with the 
outer membrane of the microorganism, causing 
the membrane to rupture and thus obliterating the 
microorganism. Therefore, the synthesized AgNPs 
may be used as antimicrobial agents. 

 

 

Fig. 5 Zone of inhibition of AgNPs synthesised from ash gourd and cucumber peel extracts 

against human pathogens 

 

 

 

 

 

 

CONCLUSION
The present investigation reveals the 

production, analysis, and antimicrobial efficacy 
of AgNPs derived from ash gourd and cucumber 
peel extracts. The synthesized AgNPs show 
surface plasmon resonance peak in the region of 
440 - 459 nm. The phytochemicals present in the 
extracts reduce Ag+ ions to AgNPs. The synthesized 
AgNPs show antimicrobial activity on Klebsiella 
pneumonia, Escherichia coli, Staphylococcus aureus, 
Pseudomonas aerogenisa, Candida albicans and 
Aspergillus. Thus, the synthesised AgNPs may 
be used as antimicrobial drugs in the field of 
biomedicine.
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