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Abstract

Every year 590 million kilograms of pumpkins are disposed of in landfills as organic waste. Organic waste
makes-up approximately 34% of landfill mass. In order to reduce organic waste going to landfills, an
alternative use of the waste or upcycling pumpkins into useful nanoparticles is described. Using a green
synthesis method, gold and silver nanoparticles were synthesized.
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Introduction

Pumpkin is a seasonal fruit harvested from October to January in the United States of
America. While approximately 2,800 million kilograms of pumpkins are produced [1], each
year 590 million kilograms of those pumpkins end up in landfills as organic waste [2]. The
EPA estimates that 34% of waste that ends up in landfills is organic waste [3]. Organic waste
is characterized by the following products: packaging materials, animal and plant-based
materials, food scraps, newspapers, cardboard, and other paper-based material. To reduce
landfill use, upcycling of organic waste is required [4]. Upcycling is defined as the creation of
higher value materials from objects that have been [5].

In this paper, a method is described to upcycle pumpkin seeds into gold and silver
nanoparticles. Nanoscience is the study of materials at molecular and macromolecular
dimensions, where the properties of the material at the nano-size differ considerably from
those at a large scale [6]. Metal nanomaterials have received significant attention because
the bulk material properties differ from those of the nanomaterial, making them useful in a
wide array of applications. Metal nanomaterials are employed in the following applications:
anticancer, radiotherapy enhancement, drug delivery, thermal ablation, antibacterial,
diagnostic assays, antifungal, and gene delivery [7]. More specifically, in the agriculture
sector, nanotechnology is used in the following applications: nano biosensors, plant growth
regulators, plant growth promoters, nanofertilizers, nanopesticides, nutrient management,
and protection against phytopathogens [8]. Two metallic nanoparticles that have received
significant attention are gold and silver. Gold and silver nanoparticles are known for their
unique photophysical properties as well as their antimicrobial properties [9,10].

Nanomaterials are produced from either a top-down approach or a bottom-up approach
[11]. The top-down approach requires the breaking down of bulk materials into nano sizes.
However, the top-down approach has many disadvantages, such as the requirement for a larger
space, requires high energy, and is time consuming [11]. A more widely used approach is the
bottom-up approach, which requires chemical treatments for the generation of nanoparticles
[12]. However, the bottom-up approach has the disadvantage of using chemicals in the
synthesis that are toxic and can lead to the generation of harmful by-products [13]. This is
of particular concern when scaling up the production of nanoparticles. The solvents used in
the synthesis of nanoparticles generate non-ecofriendly and sometimes toxic waste [14]. This
creates a demand for “green” methods to synthesize nanomaterials. Green synthesis is defined
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as an environmentally friendly approach to synthesize a product by
the elimination of pollution waste, decrease in energy consumption,
and the use of environmental-friendly solvents (water, ethanol, etc.)
[15]. One approach that has received increasing attention is the use
of biosynthesis [16]. Biological synthesis involves the use of plants,
bacteria, and fungi as bio-factories to produce metal nanoparticles.
The use of plant extracts has been shown to be stable and durable.
Plant waste can be an excellent source of various biomolecules [16].

In this paper, we describe a green method for the synthesis
of gold and silver nanomaterials. This method uses water as the
solvent. The method uses a plant extract synthesized from pumpkin
seeds during the synthesis of the nanoparticles. This method is an
example of how pumpkin seeds or plant waste can be upcycled
into nanomaterials. Pumpkins were selected because 50% of the
pumpkins grown are wasted each year. Gold and silver particles
were selected because of the antimicrobial properties of those
metals.

Materials and Methods

A fresh orange pumpkin (Cucurbita maxima) was obtained.
Gold (I1I) chloride hydrate and silver nitrate were purchase from
Sigma Aldrich (St. Louis, MO).

Preparation of Pumpkin extract

A pumpkin was cleaned out and the seeds separated from the
pulp. Fifty grams of seeds were dried using a food dehydrator (Elite
gourmet, West Chester, PA) for 4 hours at 21 °C. Twenty-five grams
of the dried pumpkin seeds were placed in 100mL of distilled water,
heated and stirred at 32 °C for 30 minutes. The extract solution was
filtered by gravity through a funnel using coarse 11cm Fisher brand
filter paper (filters 2.7um particles). This solution was stored at 4.5
°C until its use.

Synthesis of silver and gold nanoparticles

Gold and silver nanoparticles were prepared similar to
literature procedures with some modifications [17,18]. In brief,
3mL of pumpkin extract solution was added to a solution of 50mL
of gold or silver (5x10-5M) in distilled water. The solution was
heated to 26.6 °C and stirred for 30 minutes.

Characterization of nanoparticles

Nanoparticles were characterized by a Nanodrop UV-Visible
spectrometer. The size of the nanoparticles was characterized by
a Zetaview Quatt (Particle matrix, Ammersee, Germany) at 24 °C,
using a 488nm laser.

Results

The pumpkin extract solution was used to reduce silver and gold
in separate reactions. After the reaction with the extract solution,
the nanoparticle solutions were characterized. One characteristic
change in the reaction was the color change of the solutions. The
solution of silver nitrate changed from colorless to brown, this is
indicative of formation of silver nanoparticles [10,17]. The solution

of gold chloride changed from yellow to purple which is indicative
of the formation of gold nanoparticles [9,18] (Figure 1).

Figure 1: Photos of solutions.
Pumpkin extract.
Silver nitrate solution.
Gold (III) chloride hydrate solution.
Solution after the reaction of pumpkin extract +
Gold (III) chloride.
Solution after the reaction of pumpkin extract

+silver nitrate.
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To further characterize the nanoparticles, the UV-visible of the
solutions were recorded. The color observed from gold and silver
nanoparticles results from light absorption and scattering. The
localized Surface Plasma Resonance Spectrum (LSPRS) is dependent
on size and shape of the particles. The silver nanoparticle solution
showed a new band at 425nm. A rapid method uses the wavelength
maximum to determine nanoparticle size of the nanoparticles,
and with this method, the size was approximately 40nm [19].
This method takes advantage that the optical properties of silver
nanoparticles are affected by the size of the particles. The method
calculates the change molar extinction coefficient as it correlates to
particle size. Wavelength maximum and molar extinction coefficient
could then be model vs. particle size. The gold nanoparticles
solution showed a new band at 550nm, and a similar measuring
method determined the size of the gold nanoparticles was used to
calculate the particles at 65nm [20] (Figure 2).

]
Warebength (nm)

Figure 2: UV-visible spectra of Silver Nitrate (---), Gold
(III) Chloride hydrate (---), Silver Nanoparticles (__),
and Gold Nanoparticles (__) in solution. In the set

graph is a zoom-in region of the UV-visible spectrum
from 350-750nm.
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The particles size was alsomeasured using a Zetaview, which
utilizes nano tracking. The mean size of the particles in solution
was 167.2nm and 281nm for silver and gold, respectively. The
concentration of the particles in solution was 1.2x107 particles/
ml and 6.6x107 particles/mL for silver and gold, respectively. The
size determined by the UV-visible vs using the method of nano
tracking are different because the Zetaview instrument takes the
solvent around the particles into account [21]. The nano-tracking
measures the dynamic radius of the particles, it is not related to
the reflective index. The UV-visible spectrum measures the size of
a particle by the optical properties of the nanoparticles. The UV-
visible spectrum is sizing the plasmonic nanoparticle in the media,
thus the size resulting from the UV-visible is based on the metallic
part of the particle.

Conclusion

The characterization of the nanoparticles by Brownian motion
and UV-visible spectroscopy demonstrated successful synthesis of
gold and silver nanoparticles using pumpkin seed extracts.
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