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Abstract
The degradation of organic dye contaminants provides a promising approach for mitigating pollutants and addressing 
wastewater treatment. Despite the extensive research and development of various photocatalysts with the objective of effec-
tively degrading organic pollutants, the challenge still persists. This paper introduces a facile and sustainable technique for 
synthesizing silver nanoparticles (AgNPs) using kiwi fruit peel, as a bio-waste resource. A comprehensive analysis of the 
AgNPs was conducted using microscopic and spectroscopic techniques. The observation of a color change and measurement 
of UV–vis absorbance at 435 nm confirmed the development of AgNPs. FE-SEM examination demonstrated that AgNPs 
have homogeneous distribution of cubic structure with 10 to 70 nm. The AgNPs demonstrated photocatalytic degradation 
potential of 94.2% for Congo red (CR) under visible light irradiation. Additionally, synthesized AgNPs exhibited concen-
tration depended bactericidal activity. In conclusion, as synthesized AgNPs can efficiently purify wastewater and suppress 
pathogens due to their strong degrading activity, reusability, and antibacterial actions.
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Novelty Statement

A new and urgent need for the scientific community 
globally is the development of simple, and inexpensive 
method to synthesize effective nanoparticles using bio-
waste resources, as a conversion of waste to best concept. 
Current study aimed on the preparation of environment 
friendly AgNPs using kiwi fruit peel. Synthesis was con-
firmed through the utilization of spectroscopic and micro-
scopic techniques. Additionally, AgNPs demonstrated a 
promising capabilities in terms of photocatalytic dye deg-
radation and antibacterial activity.

Introduction

In the realm of environmental sustainability and waste-
water management, innovative approaches are continually 
sought to address pollution and enhance water purification 
[1]. Different methods have been effectively employed to 
address the contamination caused by organic dyes into 
the aqueous environment [2–5]. These techniques include 
absorption, fenton-oxidation, and photocatalytic degrada-
tion [6]. One notable method among them is the employ-
ment of metal nanoparticles for photocatalytic reduction 
[7]. This approach is highly efficient owing to the robust 
reduction capability, exceptional degradation efficacy, 
quick response rate, and wide applicability in the degra-
dation of toxic dye molecules [8, 9]. AgNPs have garnered 
significant focus on the field of catalysis due to their dis-
tinctive physiochemical characteristics, manageable size, 
and non-toxic characteristics [10, 11]. These distinctive 
characteristics of AgNPs, which exhibit a dimensions 
ranging from 1 to 100 nm, has gained considerable atten-
tion owing to their wide-ranging properties encompassing 
electrical, optical, and surface characteristics [12, 13].

Generally, physical and chemical processes can be used 
to produce AgNPs. Nevertheless, these conventional meth-
ods are often accompanied by substantial expenses and 
environmental concerns due to the generation of harm-
ful byproducts and the use of harmful chemicals [14]. 
The importance of greener preparation of AgNPs lies in 
its environmentally conscious approach, which helps to 
reduce the potential risks associated with conventional 
chemical and physical synthesis methods [15–17]. Cur-
rently, there has been improvements in the advance of 
safe and eco-friendly green synthesis method for produc-
ing AgNPs [18, 19]. These methods involve the utiliza-
tion of microbes and plants [20]. Phyto-mediated synthesis 
are gaining more and more popular because of all of its 
benefits. These include its non-toxic nature, eco-friendly 

characteristics, and cost-effectiveness [7, 21]. In con-
trast, microorganisms necessitate aseptic conditions for 
cell culture, making them less desirable [22]. Plants are 
commonly employed as a reductants in the preparation of 
AgNPs due to their rich composition of molecule com-
pounds, including proteins, flavonoids, polyphenols, and 
other phytochemicals [23–25].

Several plant species have been employed for the prepa-
ration of AgNPs such as Theobroma cacao [26], Men-
tha spicata [27], Coffee arabica [28] and many more has 
been reported. Recently, Thomas and Thalla et al. [29] 
reported that the Myristica fragrans seed shell mediated 
green synthesized AgNPs exhibited better photocatalytic 
activity of ramazol brilliant blue, rhodamine B, and methyl 
violet under UV light [29]. AgNPs synthesized using 
Antidesma acidum leaf demonstrated efficient and rapid 
catalytic removal of congo red and methylene blue [30]. 
Moreover, AgNPs have the capability to effectively reduce 
pathogen development in the skin and wounds, as well as 
inhibit bacterial colonization on various device surfaces 
[31]. Green synthesized AgNPs using Coriandrum sativum 
extract displayed remarkably zone of inhibition against 
several pathogens [32]. An investigation conducted by 
Hashemi et al. [33] who have observed that AgNPs pro-
duced using Mentha pulegium and Crocus caspius extracts 
displayed significant antibacterial properties against E. 
faecalis, S. aureus, A. baumannii, P. aeruginosa, E. coli, 
K. pneumoniae, and P. mirabilis.

However, the utilization of food peel/kernel/pericarp 
waste for the preparation of AgNPs have been acknowledged 
as a safe, sustainable, and eco-friendly technique, when 
compared to conventional synthesis procedures [34]. In this 
study, we have used kiwi fruit peel waste as a synthesizing 
agent to produce AgNPs. The proposal is to implement a 
waste conversion system that aims to transform waste into 
valuable resources. This process would effectively reduce 
the overall volume of waste by converting it into useful prod-
ucts or resources [35, 36]. This study presents findings that 
highlight the potential of utilizing waste of kiwi fruit peel 
as a reductant for the eco-friendly preparation of AgNPs. 
The synthesized AgNPs have demonstrated promising capa-
bilities for photocatalytic dye degradation and bactericidal 
applications.

Experimental

Materials

Silver nitrate, Congo red, Muller–Hinton agar (MHA) were 
acquired from HiMedia. Fresh fruits of kiwi were attained 
from a local market in Coimbatore.
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Preparation of Kiwi Peel Extract

To acquire the peel extract, the fruits underwent a process 
of washing and drying before being peeled thinly. The peels 
were subsequently placed in a food dehydrator for 12 h until 
fully dried. Afterward, they were ground into a moderately 
fine powder. Next, 1 g of the powder was placed into a 50 mL 
beaker containing distilled water and continuously stirred 
for 5 h. After maceration, the mixture was transferred to a 
water bath set at 60 °C for 2 h. Following that, the mixture 
underwent filtration, and the resulting extracts were care-
fully preserved in an argon atmosphere for future use. The 
moisture content analysis was given in supplementary file.

Synthesis of AgNPs

Briefly, 10 mL of prepared peel extract was gradually mixed 
to a 90 mL of solution containing 1 mM silver nitrate. This 
mixture was subsequently kept at 27 °C for 3 h. The identi-
fication of synthesized AgNPs in the reaction mixture was 
initially observed through the change in color of the medium 
from yellow to brown. Then, formed AgNPs were purified 
by centrifugation at 12,000 rpm for 15 min.

Characterization of AgNPs

Optical Property

The UV–vis spectroscopy (JASCO-V530, Japan) was 
employed for the initial characterization of AgNPs synthe-
sized by green method. The absorption of UV–vis within the 
wavelength range of 400–800 nm has been recorded.

FTIR Analysis

The several functional molecules, which are accountable for 
the formation of AgNPs have explored by IR analysis. This 
studies was conducted using a FTIR-00585, PerkinElmer 
spectrophotometer with a diffuse reflectance mode and per-
formed in 400–4000  cm−1 band at a resolution of 4  cm−1 by 
ATR mode.

FE‑SEM Analysis

Structure of the prepared AgNPs was examined by utilizing 
a FE-SEM (JEOL-Model JSM 6390) equipped with energy-
dispersive X-ray spectroscopy (EDS). Before to detection, a 
thin film of platinum was coated to the sample by a sputter-
coating technique.

Photocatalytic Activity

Photocatalytic assay was examined for the removal of CR 
in the aqueous system using AgNPs under visible light irra-
diation (Xe lamp with a power of 300 W). For the photoca-
talysis, synthesized AgNPs was introduced into a solution 
containing 5 ppm of CR. Prior to the exposure of light, the 
dye and AgNPs were thoroughly mixed in dark environment 
for 1 h. Subsequently, the resulting solution was subjected 
to light exposure. During a specific irradiation period, few 
aliquots of CR were removed from the dye-AgNPs mixture 
by centrifuging at 8,000 rpm for 5 min and subjected to 
absorbance analysis using UV–vis spectroscopy. The photo-
degradation percentage was determined by the Eq. (1), 

The concentration of dye before degradation is denoted 
as  C1, while the concentration of dye after a specific period 
of degradation is represented as  C0.

Antibacterial Experiment

The pathogenic strains namely E. coli and S. aureus were 
obtained from a private microbiology center, coimbatore. 
According to Yousefzadeh-Valendeh et al. [37], the disc 
diffusion antibacterial assay was carried out. Protocol for 
generating agar plates involves meticulously transferring 20 
mL of sterile MHA liquid into a sterile petri dish. Once the 
agar has solidified, a specific amount of bacterial suspension 
 (105 CFU/mL) was evenly spreaded across the surface of the 
plates. The sterile discs (6 mm) were loaded with DMSO 
containing 10, 20 and 50 µg/mL of AgNPs and placed on 
solidified plates. Subsequently, the plates were kept in an 
incubator for 24 h at 37 °C. Then, the activity was assessed 
by measuring the zone of inhibition (ZOI) against the tested 
bacterial strains.

Results and Discussion

Formation of AgNPs

The process of AgNPs synthesis was conducted using kiwi 
fruit peels. The observation of a transition in color from 
light yellow to brown provided initial confirmation for the 
effective development of AgNPs. During the formation, 
bio-active functional components present in the aqueous 
peel extract might worked as a reductant for the synthesis 
of AgNPs [38].

Food waste is a prevalent global problem that not only 
results in monetary losses but also poses significant health 

(1)Photodegradation (%) =
(

C1−C0

)

∕C1 × 100
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and environmental concerns. There are multiple strate-
gies that can be employed to address this matter, includ-
ing enhancing food supply chain management, educating 
consumers on food protection method, and repurposing 
food waste to create new products. Moreover, fruit waste 
possesses significant potential as a treasured reservoir of 
bioactive compounds, which can be effectively utilized in 
a wide range of applications [39]. It is crucial to acknowl-
edge that fruit and vegetable waste may potentially include 
hazardous substances, such as heavy metal, pesticides, and 
depending on the specific production and processing meth-
ods employed. It is worth mentioning that fruit and veg-
etable waste possesses bio-actives, which are able to act as 
a reductant, leading to the production of NPs. These mol-
ecules possess certain capability to attract with metal ions 
and facilitate their reduction, leading to the formation of NPs 
that exhibit unique properties [40].

Characterization of AgNPs

The UV–vis spectrum of AgNPs demonstrated the occur-
rence of an absorbance band at 435 nm, which demonstrat-
ing the successful production of AgNPs (Fig. 1a). Based on 
the previous reports, AgNPs exhibits a distinct property of 
UV-absorbance peak within the range of 400–480 nm. In 
a similar manner, AgNPs that were synthesized using W. 
arborea exhibited the UV-absorbance at 417 nm [41]. The 
UV–vis spectrum of AgNPs synthesized using Potentilla 
fulgens displayed an absorbance in the range of 400–450 nm 
[42]. A study by Ghatage et al. [43], reported that syn-
thesized AgNPs using leaves of Aloe barbadensis miller 
showed UV absorbance peak at 439 nm.

Figure 1b displays the FTIR examination of AgNPs. FTIR 
study of synthesized AgNPs demonstrated the presence of 
several characteristic bands, including a distinctive N–H 
peak at 1632  cm−1, C=C vibration at 2115  cm−1, O–H bend-
ing at 3326  cm−1, and C–I band at 633  cm−1. The biowaste 
of kiwi fruit peel is a potential source for the N–H, C=C, 
O–H, and C–I functional groups that were found to have 
been acquired. The presence of these bioactive derivatives 
may function as a reductant, which is a necessary step in the 
production of AgNPs [25, 44].

Figure 2a–d depict the FE-SEM images of synthe-
sized AgNPs. FE-SEM revealed the AgNPs have a cubic 
morphology, and the average size typically ranges from 
10 to 70 nm. Recently, Lakkim et al. [45] observed that 
the AgNPs synthesized by green method displayed cubic 
shape with size ranging from 48 to 67  nm. Another 
investigation conducted by Roddu et al. [46] observed 

the AgNPs synthesized using Abelmoschus esculentus 
displayed a cubic morphology.

Additionally, EDS was conducted to investigate the 
elemental composition of AgNPs as shown in Fig. 2e. The 
EDS of AgNPs displayed a distinct peak of Ag, which pro-
viding the conformation for the synthesis of AgNPs [47]. 
Additional peaks including C, N, and O were observed as 
a result of X-ray emissions raised from the bio-compounds 
present in the kiwi fruit peel. The elemental configuration of 
the synthesized AgNPs were presented in Table 1. Nandana 
et al. [48] documented the occurrence of Ag, O, N, and C in 
the CS/Ag nanocomposite prepared through green method.

Fig. 1  a UV–vis spectroscopy and b FTIR spectrum of green synthe-
sized AgNPs using kiwi fruit peel biowaste. The FTIR spectral read-
ing was carried out using ATR method
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Photocatalytic Dye Degradation

CR dye molecule was used to assess the AgNPs’ capacity to 
degrade dye by using visible light irradiation approach. At 
various time intervals (0–30 min), the absorbance spectra 
of CR dye molecule degraded by AgNPs were measured. 
The degradation was confirmed by an apparent shift in the 
intensity of the unique absorbance region around 494 nm 
(Fig. 3a). The maximal CR degradation was determined to 
be 94.2% after 30 min, confirming the AgNPs’ good degra-
dation characteristics (Fig. 3b). In contrast to the control of 
CR, the plot of C/C0 vs. time exhibited a faster decrease with 
a steady decline in peak strength as reaction time increased 
(Fig. 3c). Moreover, the reusability of the produced AgNPs 
was evaluated for three cycles under the same conditions. 
The degrading stability of AgNPs is demonstrated in Fig. 3d. 
Similarly, green-produced Ag NPs using S. horneri extract 

as a mediator demonstrated effective dye removal from 
Methylene blue, Rhodamine B, and Methyl orange [49].

The analysis of the kinetic degradation of CR involved the 
utilization of experimental models such as the pseudo-first 
order, pseudo-second order, and Elovich equation. Based 
on the findings presented in Fig. 4a–c, it can be observed 
that the mean deviation obtained from the kinetic models 
indicates a strong fit between the experimental data and 
the Elovich model. This is primarily due to the high rate 
 (R2 = 0.93458) observed in comparison to other models. 
These results suggest that the diffusion of CR over AgNPs 
is the main contributing factor to the degradation process, 
making the Elovich model the most suitable for explaining 
the degradation characteristics of CR by AgNPs. Figure 4d 
depicts the suggested mechanism for photocatalytic reac-
tion. When the dye solution is subjected to visible light, the 
electrons  (e−) within its valence band (VB) get energized 
and shifted into the conduction band (CB), resulting in the 
emission of a photon with energy exceeding the band gap. 
This process results in the development of vacancies in the 
VB. Holes that are present in the VB will undergo a reac-
tion with  H2O, resulting in the formation of  OH· radicals. 
Those radicals function as potent oxidizing agents. Addition-
ally,  e− located in the CB will react with  O2 to generate  O2

· 
radicals, which possess superoxidase properties. The pres-
ence of these radicals helps to inhibit the recombination and 

Fig. 2  a–d FE-SEM and e EDS analysis of kiwi fruit peel biowaste mediated synthesized AgNPs

Table 1  Percentage of elements 
present in the synthesized 
AgNPs

Elements Weight

Ag 62.13
C 4.44
N 8.95
O 24.48
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neutralization of the system. Consequently, the system will 
produce a sufficient quantity of  OH· radicals, facilitating the 
catalytic breakdown of the dyes and leading to the forma-
tion of smaller organic compounds water,  CO2, and residues) 
through the subsequent mineralization of the degraded prod-
ucts [50–52].

Antibacterial Applications

The phenomenon of bacterial inhibition by Ag has been 
widely acknowledged. The implementation of green prepa-
ration methods can enhance biocompatibility and decrease 
significant impacts on human health [53]. Bacterial inhi-
bition property of AgNPs were examined in relation to 
their effectiveness against E. coli and S. aureus. Synthe-
sized AgNPs demonstrated potential inhibitory character 
against both the pathogens, which were dependent on the 

concentration. Figure 5a and b shows the plates of well 
diffusion experiment featuring various quantity of AgNPs 
(10, 20, and 50 µg/mL). A clear zone of inhibition were 
observed around the discs embedded with AgNPs, against 
both the examined pathogens. The bactericidal ZOI showed 
an increase with the increasing concentration of NPs. For S. 
aureus, the ZOI was found to be 8 mm for 10 µg/mL, 12 mm 
for 20 µg/mL and 14 mm for 50 µg/mL of AgNPs, although 
E. coli exhibited 10 mm ZOI for 10 µg/mL, 13 mm for 20 µg/
mL and 16 mm for 50 µg/mL of AgNPs. These outcomes of 
the bactericidal action performed by AgNPs may vary based 
on the specific membrane characteristics of the bacteria. 
Similarly, AgNPs produced through the utilization of Rumex 
nervosus demonstrated potential pathogen inhibition activity 
[54]. AgNPs synthesized using an extract derived from Bixa 
orellana seeds exhibited antibacterial properties towards S. 

Fig. 3   Photocatalytic dye degradation activity of green synthesized AgNPs: a UV–visible spectroscopy analysis, b percentage of dye degrada-
tion, c C/C0 Vs time and d reusability analysis. (Color figure online)
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aureus, E. coli, S. dysen, and S. boydii in a concentration-
dependent manner [55].

Figure 5c depicts the mechanism of bactericidal activity 
of AgNPs. The degradation of the cell wall and the disrup-
tion of the membrane are two fundamental processes that 
could potentially account for the bactericidal activity of 
AgNPs [56]. The initial phase of contact between AgNPs 
and bacteria involves the attachment of AgNPs to the bac-
terial membrane. This adherence leads to morphological 
changes, ultimately resulting in permeability change, mem-
brane depolarization, and compromise of the cell wall’s 
integrity. The internal contents of bacterial pathogens are 
released into the surrounding environment due to depolari-
zation and morphological damage and thus leading to cell 
death. The second method entails the development of reac-
tive oxygen species, such as superoxide, hydroxyl radicals, 
and hydrogen peroxide. These agents efficiently interact with 
the genetic materials present in the bacterial cells, thereby 
impeding their growth mechanisms [13, 25, 57, 58].

Conclusions

The current study aims to explore the application of bio-
waste of kiwi fruit peel extract for the development of 
AgNPs by a green method. The peel extract contains phy-
tochemical molecules that have the potential to function 
as an effective reductant in the formation AgNPs. Further, 
AgNPs were tested by UV–vis absorbance, FTIR, FE-SEM, 
and EDS. Synthesized AgNPs had cubic shape with a size 
of 10–70 nm. Green-synthesized AgNPs demonstrated a 
remarkable 94.2% degradation ability towards CR, and also 
demonstrating excellent stability. In addition, the AgNPs 
demonstrated dose-dependent inhibition activity against E. 
coli and S. aureus. Additionally, our research findings indi-
cate that generated AgNPs possess significant potential and 
efficacy as a viable option for application in both the indus-
trial and biological sectors. They exhibit notable proficiency 
in the removal of dyes found in wastewater, as well as in the 
prevention of pathogen contamination.

Fig. 4   Representation of the kinetic models for the CR dye by AgNPs: a  pseudo-first-order kinetic, b  pseudo-second-order kinetic, and 
c Elovich model, and d prosposed mechanism of photocatalytic activity of green synthesized AgNPs over CR dye. (Color figure online)
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