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In this study, we report the potential use of market vegetable waste for the synthesis of gold nanoparticles
(AuNPs). The AuNPswere synthesised using a greenmethodwithout using any harmful chemical. The AuNPs ob-
tained from vegetable wastes were characterised by UV– vis spectroscopy, transmission electron microscopy,
scanning electron microscopy energy dispersive spectroscopy, X-ray diffraction, and Fourier transform-infrared
spectroscopic (FT-IR) analysis. The particles size for the green synthesised AuNPs from vegetable waste were
ranged from 10 to 70 nm. The AuNPs showed significant antibacterial activity against clinical pathogens.
Hence, this attempt has shown a great potential for utilizing market vegetable waste as a bio-reductant for the
synthesis of AuNPs.
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1. Introduction

Gold nanoparticles (AuNPs) are some of the most extensively stud-
ied nanomaterial in the field of nano biotechnology. AuNPs have
attracted wide attention due to their potential applications in catalysis
[1], antimicrobial [2], anticancer [3], drug delivery [4], and agriculture
[5]. The AuNPs can be easily synthesised and show high chemical as
well as thermal stability [6]. The conventional physico-chemical
methods attempted over the past several years for AuNPs synthesis
are electrochemical [7], photochemical [8], sono-chemical [9] and mi-
crowave assisted processes [10]. However, all these physico-chemical
methods are complex, cost-intensive, and pressure-required and use
toxic chemicals that can harm the human and the eco-system [11]. Cur-
rently, the use of biological materials for the synthesis of AuNPs has be-
come a popular alternative. In particular, plants and plant based wastes
have been successfully used for the production of AuNPs. Several studies
have reported on the synthesis of AuNPs using plants [12–14]. To the
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best of our knowledge, the use of market vegetable waste has not
been reported so far, for AuNPs synthesis.

In recent years, waste management represents an important chal-
lenge in agricultural industries and markets. It demands an integrated
approach in the context of reuse for the production of value-added
products. India is the largest consumer of vegetable and produces tons
of vegetables wastes annually. Such estimates for the worldwide con-
sumption of vegetable are several folds higher. The vegetable wastes
were usually discarded in vegetable markets. The vegetables are mainly
composed of phytochemicals and many natural polysaccharides. Thus,
the use of market vegetable waste attracted for the synthesis of AuNPs.

In the present study, market vegetable wastes were used for the
production of AuNPs. The synthesised AuNPs structures have been
characterised by using standard spectrochemical methods. In addition,
antibacterial activity of the AuNPs has also been investigated.
2. Materials and methods

2.1. Chemicals

Gold (III) chloride hydrate (HAuCl4) was purchased from Sigma-
Aldrich (St Louis, MO, USA). All other chemicals were analytical grade
and purchased from Hi-Media Laboratories, Mumbai, India.
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Fig. 2. SEM-EDX spectrum of AuNPs.

Fig. 1. (a) TEM image of AuNPs synthesised from vegetable waste extract.
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2.2. Vegetable waste collection

Vegetable waste was collected from a waste disposal yard of a vege-
table market (Wednesday Market), Mallasamudram (11.4939° latitude
and 78.0295° longitude), India. The trading of vegetables in this citywas
approximately 2–5 tons/week. The 1–2 tons quantity of vegetables
trading produces a huge quantity of wastes in the form of discarded
vegetables, fresh skins of vegetables, fresh/damaged leaves etc. The
fresh vegetable waste was collected in plastic bags and brought to the
laboratory.

2.3. AuNPs synthesis

The vegetable waste was washed thoroughly with tap water and
double-distilled water until no impurities remained. The mixed vegeta-
ble waste (200 g) were separated and added to 1000 mL of sterile
double-distilled water and crushed using a mortar and pestle. The
extract was filtered through Whatman No.1 filter paper and stored at
4 °C for further experiments. The vegetable waste extract (4 mL) was
added to 96 mL of 1 mM HAuCl4 solution and incubated in an orbital
shaker for 12–24 h. The production of AuNPs was visually observed by
a colour change from yellow to dark red.

2.4. Characterization of AuNPs

The optical absorption spectra of the synthesised AuNPs were ob-
served using UV–vis spectrophotometer (Elico-SL 164). The surface
morphology and size of the AuNPs were measured using transmission
electron microscopy (TEM, FEI Tecnai TF 20 high resolution). The ele-
mental composition of the AuNPs was confirmed by scanning electron
micrograph-energy dispersive spectroscopy (SEM–EDS; Jeol JSM
6390). Fourier transform-infrared spectra (FT-IR) of AuNPs were
obtained with a Perkin-Elmer FT-IR spectrophotometer (IRAffinity-1S)
in the diffuse reflectance mode at a resolution of 4 particles cm−1 in
KBr pellets. X-ray powder diffraction was used to determine the
crystalline nature of the samples (XPERT-Pro diffractometer using Cu-
Ka radiation). Scanning was done in the region of 2θ from 10° to 80°
at 0.04°/min with a time constant of 2 s.

2.5. Antibacterial activity

The antibacterial activity of the AuNPs was assessed by the well dif-
fusion method using two different clinical pathogenic bacteria, namely,
Klebsiella sp. (Accession Number: KC899845), and Staphylococcus sp.
(Accession Number: KC688883). The pure cultures of the bacteria
were grown in nutrient agar media. Briefly, four different concentra-
tions of (25, 50, 75 and 100 μg/mL) AuNPs were loaded on to the
wells of the petridishes inoculatedwith Klebsiella sp. and Staphylococcus
sp., individually. The antibiotic ampicillin (1mg/mL), was used as a pos-
itive control. The plates were incubated at 37 °C for 12–24 h and the
zones of inhibition around the wells were measured manually.

3. Results and discussion

Recently, several studies have reported on the synthesis of AuNPs
using environment friendly and renewable sources. In these adopted
methodologies, abundant of plants and its products were utilized to
generate AuNPs. In the present study, a simple and facile method was
developed to synthesize AuNPs using market vegetable waste extract
and chloroauric acid solution. The vegetable waste extract was mixed
with chloroauric acid metal salt solution and the bio reduction of the
Au+ into AuNPs was observed at 37 °C for 12–24 h. The colour change
wasmonitored from yellow to dark red indicating production of AuNPs.

The AuNPs synthesised from vegetable waste was examined by UV–
Vis spectroscopy in the range of 200–800 nm. Expectedly, a characteris-
tic absorption peakwas observed around 530 nm, which is attributed to
the surface plasmon resonance of AuNPs. The excitation of the surface
plasmon resonance of AuNPs could be responsible for the colour change
in the reaction mixture. The observed results are consistent with a pre-
vious study which reported similar colour change in the reaction mix-
ture [15]. The morphological structure and size of the AuNPs were
shown in Fig. 1. The TEM image of AuNPs obtained from vegetable
waste extract exhibit spherical and triangle shapes and particles size
was found in the average range of 10–70 nm. Noruzi et al. [16] reported
the spherical and triangle nature of the AuNPs obtained from Rosa
hybrid petal extract with an average size of 10 nm. The particles were
presentmostly in aggregates. The size of theAuNPswasmainly depend-
ing on the physico-chemical properties of the reaction mixture such as,
pH, temperature and reactant concentration [17].

Fig. 2 shows the EDS spectrum of the vegetable waste extract
mediated synthesized AuNPs. The strongest peak at ~2 keV confirmed
the presence of elemental gold in its pure form. Furthermore, the EDS
pattern of AuNPs also consists of O and C with small amounts. The O
and C peaks may be developed from the phytochemicals of the vegeta-
blewaste. The crystalline character of the synthesised AuNPswas deter-
mined by the XRD analysis. Fig. 3 shows the XRD pattern of AuNPs
obtained from vegetable waste extract. The XRD pattern exhibited
four different diffraction peaks (111, 200, 220 and 311) at 2θ. The reflec-
tion peak (111) is more intense than other reflection peaks (200),
(220), and (311). These results are in agreementwith theprevious stud-
ies reported that the cubic nature of AuNPs [14,17,18].
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Fig. 5. Bactericidal activity of AuNPs.

Fig. 3. FTIR spectrum of AuNPs obtained from vegetable waste extract.
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The potential phytochemicals responsible for the bio-reduction
and the stabilization of AuNPs can be determined by the FT-IR analysis.
Fig. 4 shows the FTIR spectra of AuNPs synthesised from vegetable
waste extract. The AuNPs show prominent peaks at 3490, 2950, 1780,
1580, 1380, 1250, 1030, 920, and 600 cm−1, respectively. The peak at
1380 cm−1 was assigned to the symmetrical stretch of the carboxyl
group. The peak at 1250 cm−1 indicated acetyl group ofmolecules pres-
ent in theAuNPs. The peaks at 1030 and 920 cm−1were due to the C\\O
stretching vibrations of ether and alcohol groups respectively. The peak
at 600 cm−1 in the spectra of AuNPs corresponds to C\\C groups of ar-
omatic rings and C\\O stretching of carboxyl groups of proteins. The
strong adsorption bands at 3490 and 2950 cm−1 are characteristic
stretching vibrations of O\\H and C\\H groups respectively [17,19].
The FT-IR results indicate the possible role of phytochemicals in capping
and stabilizing the AuNPs.

Gold nanoparticles are extensively used in various value-added
products as antibacterial agent to fight against the infectious microor-
ganisms. Antibacterial activity of AuNPs was observed against Klebsiella
sp. (Accession Number: KC899845), and Staphylococcus sp. (Accession
Number: KC688883) and the results are shown in Fig. 5. The antibacte-
rial activity of four different concentrations of AuNPs (25, 50, 75 and 100
μg/mL) and its representative zones of inhibition around thewells were
observed respectively. The antibacterial activity of AuNPs is consistent
with previous reports on that of AuNPs synthesised from plant extracts
Fig. 4. XRD spectrum of AuNPs obtained from vegetable waste extract.
[20]. The obtained results indicated that the AuNPs synthesised using
market vegetable waste effectively inhibited the growth of tested path-
ogens. This ideal characteristics of the AuNPs makes them as a potential
candidate for developing both narrow-spectrum and broad-spectrum
antibacterial agent.

4. Conclusion

In conclusion, market vegetable waste could be used as an efficient
biological substrate for the rapid and consistent synthesis of AuNPs.
This simple, low cost, non-toxic, and abundantly available market vege-
table waste could be used as an efficient alternative to the other biolog-
ical materials. Such waste materials for synthesising AuNPs will be an
advantage since the biological waste materials can be potentially con-
verted into value-added nanomaterials. This study might open ways
to explore utilization of other naturally available biological wastes for
the synthesis of nanoparticles.
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