Journal of Applied Microbiology in Food Industry (Volume 12 — Issue 1) ... Pages 53 to 62 I

A review of the potential of using date palm waste in the synthesis and antimicrobial
activity of green nanoparticles

Azam Amiri'”

1. Date Palm and Tropical Fruits Research Center, Horticultural Science Research Institute, Agricultural
Research Education and Extension Organization (AREEO), Ahvaz, Iran.

Received Date:2026.01.23 Accepted Date:2026.02.14

[ Downloaded from amfi.ir on 2026-07-08 ]

Abstract

Date palm waste plays a very important role in the added value of this product. In recent years, green synthesis
of metal nanoparticles with plant extracts has become a suitable alternative to chemical synthesis, because this
process is economically-energy efficient and environmentally safe. In the past few decades, various plant
sources have been used to make green nanoparticles, and a few of them used extracts from different parts of date
palm waste. This review study investigated the methods of extract extraction from different parts of date palm
(fruit, leaf and kernel), green synthesis of different metal nanoparticles using these extracts, and their
antimicrobial properties. Phytochemicals present in the extracts of different parts of date palm were the reducing
agents for metals. Most of the studies have reported spherical nanoparticles of different sizes, which have high
potential in various applications such as antimicrobial, anticancer, antioxidant and catalytic activities. This study
can pave the way for further research by researchers and the production of antimicrobial green nanoparticles on
a large scale and their application in packaging, food and biomedical industries using waste extracts from
different parts of the date palm.
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A review of the potential of using date palm waste in the synthesis and antimicrobial activity of
“green nanoparticles

EXTENDED ABSTRACT

It has been estimated that 23 million date palm trees (19.16%) are present in Iran. Generally, palm date seed waste
is disposed of in landfills or burned directly on the farm which results in environmental pollution. On the other
hand, they comprise important components including cellulose, hemicellulose, and lignin. Date seeds contain a
remarkable number of flavonoids, phenolics, anthocyanins, carotenoids, quinones, and sterols, which make them
an excellent plant product for Nanoparticles (NPs) synthesis and stabilization.

The nanotechnology industry is increasingly promoting nano as a “green” technology that will improve the
environmental performance of existing industries, reduce consumption of resources and energy, and allow
achievement of environmentally benign economic expansion. Eco-friendly solutions are gaining popularity in the
contemporary world. The use of agrowaste residues in green nanoparticle synthesis represents a good selection
to minimize waste and achieve sustainable development goals. NPs are very tiny particles (1-100 nm) with a large
surface area in comparison to their volume. This provides NPs with unique physical, chemical, and biological
properties. There are different chemical and physical methods that are used in the synthesis of NPs, with well-
controlled shape and size, and higher rates of production. The limitations of these methods are the use of toxic
materials as precursors, production of large amounts of wastes, loss of energy, and high cost. On the contrary, the
green route of NPs’ synthesis provides an eco-friendly, low-cost, sustainable, and safe way. Different natural
resources were used in NPs’ green synthesis including microorganisms and plant extracts. Green synthesis is
mainly based on biological precursors but is also controlled by other reaction parameters such as pH, time, solvent,
temperature, and pressure. Biological extracts have various effective phytochemicals such as ketones, aldehydes,
phenols, flavones, terpenoids, amides, carboxylic acids, and ascorbic acids that help in metal/metal oxide NPs’
synthesis. Green synthesized NPs were investigated for use in antimicrobial, biomedical diagnostics, catalysis,
optical imaging, molecular sensing, and the labeling of biological systems. The use of the most abundant biomass,
date seeds, in NPs’ synthesis represents a low-cost, renewable, and eco-friendly route that could help in solving
the pollution problem. In addition, biomass could be used in the large-scale production of various NPs. This route
is a good alternative for NPs’ synthesis, instead of physicochemical methods that are more expensive, need more
instruments, and can generate toxic and hazardous effects in the environment.

The NPs from the extracts of Phoenix dactylifera L. has also acquired adequate applications in antimicrobial,
antioxidant, anticancer, and catalytic activities. However, much less research has been carried out for synthesizing
metal NPs with the extracts of the different parts of the plant species date palm (Phoenix dactylifera L.). Many
biosynthesized NPs have been used to treat bacterial infections 41 and are also useful in antitumor therapy. Plant
extract—NP bioconjugates possess capable antioxidant activity and anti-inflammatory properties.43 The possible
array of sizes, shapes, and compositions of green synthesized NPs converts into a wide range of nanomaterial
applications. Date seeds (Phoenix dactylifera) are valuable for NP synthesis because of their bioactive compounds,
including phenolics and flavonoids, which act as reducing and stabilizing agents. This eco-friendly method
supports sustainable agricultural waste use, enhances NP antibacterial properties, and is useful in food packaging
and biomedical applications.

Spent date pulp, a dry biomass generated after syrup extraction from the fruit, accounts for two-thirds of the bio-
wastes composition of the date syrup processing industries and are currently discarded without any value. These
waste biomasses add significant load to the solid waste management system and are eventually landfilled. The
remarkable number of flavonoids, quinones, carotenoids, sterols, phenolics and anthocyanins present in this date
pulp waste makes it as an excellent plant product for NPs synthesis (Rambabu et al., 2020b). Additionally, the
various high and low molecular weight protein fragments in the would provide particle stability to the as-formed
NP.
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