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green synthesiZeD Plant-BaseD Metallic 
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Metal nanoparticles (MNPs) developed through green synthesis with various plant 
extracts have piqued the scientific community due to their antimicrobial and anti-
corrosion properties. Several synthesis methods and characteristics have been suc-
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1. Introduction

Nanotechnology is an interdisciplinary field of study that is rapidly 
evolving. It has a wide range of potential applications in the fields of 
science and technology [1]. This field combines essential concepts from 
various disciples, such as physics, engineering, biology, and chemistry, 
to develop new materials for synthesizing and manufacturing metallic 
nanoparticles (MNPs). These nanoparticles have a size range of 1–100 nm 
in at least one dimension. Nanotechnology is focused on the synthesi-
zing, characterization, and implementation of various nanoparticles. 
Noble metals and ceramics, such as gold, silver, palladium, and zirco-
nium, are commonly used in the chemical and physical synthesis of NPs; 
however, this process is not environmentally friendly [2]. The develop-
ment of eco-friendly and safety to environmental of NPs processing 
technologies is essential. In recent years, several eco-friendly, cost-ef-
fective, easy, safe, scalable, and reproducible green synthesis approaches 
to produce metal nanoparticles (MNPs) have been developed, motivated 
by safety design concepts. consequently, various biological synthesis 
methods (with a microorganism such as fungi, bacteria, and plant ex-
tracts) are currently widely used in metal nanoparticle fabrication ap-
proaches [3, 4]. Synthesis of plant-based metal nanoparticles is now 
considered the goal approach among green biological synthesis because 
of its ease of use and plant diversity sources [5, 6].

The use of plant extracts and other biomass for the synthesis of 
metallic nanoparticles (MNPs) is a fast and straightforward, cost-effec-
tive, sustainable, and environmentally friendly process [6–8]. The syn-
thesis of plant-mediated nanoparticles is also easily adaptable for clini-
cal use and industrial manufacturing [9]. Surprisingly, secondary me-
tabolites in plant extracts like alkaloids, terpenoids, tannins, polyphenols, 

cessfully implemented and developed to evaluate the pharmacological properties 
and performance of these MNPs. This article discusses the synthesis and charac-
teristics of plant-based metallic nanoparticles, the different types of plant-based 
metallic nanoparticles, and their prospective applications. This short review intends 
to understand, what is commonly reported in scientific papers about MNPs as an-
timicrobial and anticorrosion agents, as well as highlight the essential parameters 
and procedures, which affect the antimicrobial and anticorrosion investigation of 
plant-based MNPs. However, despite the many antibacterial and anticorrosion ap-
proaches reported in the literature, very few platforms have achieved large scale. 
The difficulty in attaining large-scale success could be due, in part, to the complex-
ity of the problem and the various parameters. Therefore, systematic research will 
be required to establish a standardized, widely accepted validation methodology for 
synthesizing and characterizing plant-based metallic nanoparticles.

Keywords: anticorrosion agent, antimicrobial agent, green synthesis, plant extracts, 
nanotechnology, metal nanoparticles.
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and flavonoids usually function as reducing or capping agents [10, 11]. 
MNPs from some plants can exhibit increased antibacterial activity, 
anticorrosion, and antibiofilm based on their physical properties and 
morphology, as well as their composition, making it a very prospective 
way to against antimicrobial resistance [12–14].

The study of various plants as potential biogenic for MNPs has at-
tracted extensive interest, as evidenced by the annual increase in their 
research reports. Unfortunately, the methods applied to assess the anti-
bacterial, antibiofilm, and anticorrosion activity and efficiency of MNPs 
do not appear to have been fully explained in terms of the test procedure 
in those studies. As a result, this review briefly describes the conven-
tional and green synthetic methods used in synthesizing nanoparticles 
as antimicrobial and anticorrosion materials to provide readers with a 
useful reference. This review highlights current knowledge about the 
ability of plant materials to biosynthesis MNPs. It presents a database 
on which future researchers can base their work on synthesizing green 
metallic oxides from plant sources. We also discuss the benefits and 
drawbacks of conventional and green synthesis methods and the applica-
tions discovered in the results. Thus, this review assists researchers by 
pointing them toward the best experimental setup for evaluating MNPs, 
and it serves as a resource for future research.

2. Plant-Based Metallic nanoparticles

recently, the concept of ‘green chemistry’ for sustainable development 
has been widely investigated [15–18]. The goal of sustainable develop-
ment was defined as development that follows current demands and is 
capable of harmonizing future generations to meet people’s needs [19]. 
environmentally friendly sustainable development is particularly sig-
nificant for stakeholders in numerous industrial sectors because they 
are concerned for the environment from pollution and uncontrolled use 
of natural resources, as well as the threat of environmental impacts [20, 
21]. The three most significant aspects required for the green synthesis 
of MNPs include using non-toxic reducing agents, eco-friendly solvents, 
and safe stabilizers [4].

2.1. Plant-Based Metallic Nanoparticles:  
Synthesis and Characterization

Metallic nanoparticles (MNPs) have been widely produced by synthesis 
methods, including physical, chemical, or biosynthetic pathways. Gen-
erally, there are two approaches to MNPs synthesis: ‘bottom-up’ and 
‘top-down’. Both synthesis techniques could be carried out in liquid 
states using solvents such as hexane, ethanol, and water or in solid con-
ditions, gas, vacuum, and supercritical liquid conditions [22, 23]. The 
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bulk material is gradually destroyed to produce nanoparticles in top-
down methods [24]. Physical top-down approaches include mechanical 
grinding, sputtering, and lithography, whereas top-down chemical ap-
proaches include chemical etching and electroblasting [25]. On the other 
hand, bottom-up methods use atoms or molecules to produce nanopartic-
le materials. This category of methods consists of a wide range of phy-
si cal and chemical syntheses. Spinning, molecular beam epitaxy, and 
physical vapour deposition are physical methods [26]. chemical methods 
include laser pyrolysis, sol-gel processes, vapour deposition, plasma 
spraying, supercritical fluid technology, aerosol, and condensation 
atomic or molecular [26, 27]. The environmentally friendly synthesis of 
MNPs falls into bottom-up approaches, with reduction or oxidation 
serving as the main chemical reaction [28]. Another study indicated no 
significant difference in the extent or grade of mineralization obtained 
by utilizing either top-down technique or bottom-up one in thick. On the 
other hand, the mechanisms in traditional top-down and non-traditional 
bottom-up mineralization methods are different [29]. Figure 1 summa-
rizes nanoparticle synthesis methods and green synthesis of plant-based 
metallic nanoparticles (MNPs).

Several metallic nanoparticles were synthesized using different 
plant parts such as stem or bark [30], flower [31], root [32], seed [33], 
and leave [5, 34, 35]. Metallic biosynthesis was applied by a straightfor-
ward and simple protocol with different plants [6, 36]. Material of plant 
parts such as leaves and or stems was obtained from various sources and 
cleaned with tap water to remove dust or other unwanted particles. The 
plant part was dried, then ground, and powdered. The plant parts were 
cut into small pieces or ground and then dissolved in a suitable solvent 
at a specific temperature to obtain plant extracts [37, 38]. Furthermore, 
metal salts were added to the extract solution to promote bioreduction 
and produce MNPs [39, 23].

characterization or testing of these MNPs must be comprehensive 
and exhaustive to ensure repeatability in manufacture, biological activi-
ty, and safety. Various physicochemical techniques were utilized to 
characterize the synthesized MNPs. Several analytical approaches are 
necessary to characterize the product of MNPs, such as thermogravi-
metric analysis (TGA), which was utilized to evaluate the thermal nano-
particles, thermal decomposition, and phase transition [40–43]. X-ray 
diffraction (Xrd) was used to evaluate the overall oxidation state of the 
particles, atomic positions, phases, and nanoparticle structures [44–46]. 
Scanning electron microscopy (SeM) and transmission electron micros-
copy (TeM) are general morphological and surface characterization 
methods. SeM could provide submicron morphological information and 
micron non-elemental information; however, TeM has a much higher 
resolution than SeM. As a result, TeM is better suited for analysing the 
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surface morphology of nanoparticle samples in the shape and size of 
nanoparticles [47, 48].

dynamic light scattering (dlS) is a method used to analyse the dis-
tribution of nanoparticle size and surface charge, as well as the quality 
of nanoparticles [49]. It could also be used to determine the polydisper-
sity index of prepared nanoparticles. energy dispersion spectroscopy 
(edS) could be utilized to analyse the elemental composition of metallic 
nanoparticles, and this analysis can provide sample elements in MNPs 
[50]. By evaluating organic functional groups on the surface of nano-

Fig. 1. The nanoparticle and plant-based metallic nanoparticles (plant-MNPs) syn-
thesis methods
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particles, Fourier transforms infrared spectroscopy (FTIr) can charac-
terize surface chemistry [51, 52]. Surface chemical properties could be 
evaluated using x-ray photoelectron spectroscopy (XPS) [53]. Nanopar-
ticles could be characterized at the atomic scale using atomic force mi-
croscopy (AFM) [54]. Nuclear magnetic resonance (NMr) is another 
distinctive technique for identifying compounds in the plant during the 
green synthesis of plant-mediated MNPs [55].

2.2. Greenness of Plant-Based Metallic Nanoparticles:  
Advantages and Drawbacks

Biological synthesis pathways based on plant sources are an appealing 
alternative to chemical and physical methods involving expensive toxic 
chemicals [56]. It is one of the best nanoparticle synthesis platforms 
because it is free of toxic chemicals and contains herbal and natural cap-
ping agents to stabilize MNPs [57]. The use of plants and other biomass 
as precursor materials for the synthesis of metallic nanoparticles (MNPs) 
is a fast, simple, sustainable, not expensive, and eco-friendly process 
[33, 58, 59]. Plant-mediated nanoparticle synthesis can also be used in 
clinical adaptation and is easily adapted for large-scale production in 
the industry [60]. Furthermore, secondary metabolites found in the 
plant extracts, like alkaloids, terpenoids, polyphenols, tannins, and fla-
vonoids, have been indicated to function as capping or reducing agents 
[61, 62]. depending on their morphology, physical characteristics, and 
composition, MNPs from various plants can exhibit increased antibacte-
rial and anticorrosion activity, causing them excellent potential against 
bacteria [63] and corrosion by microbe [64].

The development of green synthesis, which uses plant extracts as a 
substitute for industrial chemicals to reduce metal ions, has gained con-
siderable interest. In addition to its advantages, the green synthesis of 
plant extracts based on metallic nanoparticles must also be evaluated 
for its disadvantages. The main findings reveal data on the geographical 
and seasonal distribution of plants and their compositions, that synthe-
sis is limited by location and time of production and low for purity and 
yield [65]. Another potential disadvantage of nanotechnology is the loss 
of jobs in traditional storm and manufacturing industries. Today, nano-
technology is so expensive that developing it is prohibitively costly. 
Manufacturing is also complex, which may increase the price of the syn-
thesis of nanoproducts [66]. Furthermore, nanotechnology could cause 
pollution, which is known as nanopollution. This pollution is highly 
hazardous to living things, especially the content of various metals.



ISSN 1608-1021. Usp. Fiz. Met., 2023, Vol. 24, No. 1 203

Green Synthesized Plant-Based Metallic Nanoparticles 

2.3. Greenness of Plant-Based Metallic Nanoparticles:  
Types of Plant-Based MNPs

Gold nanoparticles are plant-based metal nanoparticles that have gained 
the most attention. due to their simple surface functionalization and 
ease of production [67], gold nanoparticles (AuNPs) are frequently used. 
They have unique properties, such as their high potential for use in the 
medical field [68], excellent biocompatibility, and low toxicity [69].  
Various bioactive components of the complex biogenic function were 
utilized as reducing agents in synthesizing gold nanoparticles and re-
ducing gold metal ions and nanoparticle granules [70]. Several studies 
have demonstrated that phytochemicals, such as proteins, phenols, fla-
vonoids, and other active compounds, have an essential role in reducing 
metal ions and can be employed as coverings for gold nanoparticles in 
the manufacture of MNPs with plant extracts [71–73].

Silver nanoparticles are frequently synthesized as the second type 
of plant-based metal nanoparticles (AgNPs). The production of silver 
nanoparticles (AgNPs) from plants is one of the most straightforward 
[46]. A solution of silver metal ion and biological reducing agents were 
required for the eco-friendly synthesis of silver nanoparticles. The easiest 
and cheapest method to produce AgNPs is reducing and stabilizing Ag 
ions using a combination of phytochemical bioactive compounds from 
plant extracts, like phenolics, polysaccharides, amino acids, vitamins, 
proteins, biosurfactants, terpenes, saponins, and alkaloids [74]. Almost 
every plant has the potential to be used for the synthesis of AgNPs 
[75–77]. The existence of silver nanoparticles in plant extracts obtained 
from silver nitrate solutions shows that biologically synthesized silver 
nanoparticles are more efficient against numerous pathogens that cause 
disease [78].

Furthermore, zinc oxide nanoparticles (ZnONPs) have been inten-
sively synthesized in recent years because of their various prospective 
applications, especially in the aesthetic and biomedical industries [45, 
48]. Several studies on the biosynthesis of ZnONPs with plant extracts 
and other biomass, as well as the application of zinc nanoparticles, have 
been widely reported [79, 80]. Many developments have been focused on 
improving the performance of its low-cost, safe, simple synthesis, and 
eco- friendly [81]. ZnNPs can be synthesized from various plant parts, 
inclu ding flowers, leaves, fruits, seeds, and roots [45, 82]. Also, ZnONPs 
syn thesis was reported from Pelargonium odoratissimum aqueous leaf 
extracts for antioxidant, antibacterial, and antiinflammatory activi - 
ties [79]. 

The type of plant parts was also used to produce zirconium for 
various nanoparticle applications [47, 83, 84]. Aqueous leaf extracts of 
Laurus nobilis (bay leaf) were used to prepare zirconium oxide NPs in a 
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recent study, and the average size of the prepared NPs was found to be 
of 20–100 nm [13]. Similarly, Sphagenicola trilobata leaf extract pro-
duced zirconium nanoparticles (ZrNPs). The synthesized ZrNPs demon-
strated potential antifungal activity, antimalarial activity, and moder-
ate antitubercular [41]. The biogenic production of zirconium dioxide 
nanoparticles using Curcuma longa has been successfully implemented 
with Xrd and FTIr for structural and size investigation [59]. likewise, 
zirconia nanoparticles based on Punica granatum peel extracts were 
reported due to the adaptability of Zr, so these nanoparticles are possi-
ble candidates for use in coatings as antibacterial agents in orthopaedics 
(as metallic implants). Additionally, the green ZrNP that was generated 
would support excellent antibacterial activity on the surface of medical 
equipment [83]. In another study, a plant extract of Euclea natalensis 
was synthesized for producing nanoparticles. The adsorptive properties 
of the nanoparticles were further tested against tetracycline antibiotics, 
and the nanoparticles were characterized using TeM. At the same time, 
the synthetic material had a crystal size of at least 5.25 nm [84].

copper (cu) is a relatively inexpensive metal that is less expensive 
than gold (Au) and silver (Ag), and cuNPs have been synthesized by 
reducing aqueous cu ions with various plant extracts [48]. Chromolaena 
odorata leaf extract was successfully used as a stabilizer to synthesize 
copper nanoparticles with rod-shaped results with an average diameter 
of 30 nm [85]. However, there are numerous concerns about the bio-
safety of copper metal [53]. Other metals reported in the literature in-
clude nickel (Ni) [86] and chromium (cr) [87]. It should be noted that 
several different metals, such as titanium (Ti), palladium (Pd), sele -
nium (Se) [51], and platinum (Pt) [33], have recently been used to  
develop bio-NPs by different methods and applications in several indus-
trial sectors.

2.4. Methods of Antibacterial and Anticorrosion Testing

The properties and performance of the green synthesis MNPs against 
bacteria and corrosion by microbes are required to obtain antibacterial 
activity. These antibacterial characteristics can be assessed using various 
physical and analytical evaluation methods [88]. Physical testing tech-
niques such as fluorescence spectroscopy, atomic force microscopy 
(AFM), transmission electron microscopy (TeM), and plasma mass spec-
troscopy have been widely used and implemented to obtain discrete in-
formation about interactions between MNPs and microorganisms [41–
43]. These physical testing (biological assays) also provide information 
on microbial growth and the mechanism of death by biogenic MNPs [40].

The colony forming unit (cFU) test, the on-off staining test, the 
disc diffusion test, and the minimum inhibitory concentration (MIc) as-
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say are some of the most commonly used analytical methods for deter-
mining the antimicrobial activity of MNPs [88]. The main analytical 
techniques for evaluating MNPs antimicrobial activity are diffusion 
and dilution susceptibility testing [48, 89]. The disc diffusion assay is a 
diffusion susceptibility testing method that uses green synthetic MNPs 
inseminated in discs that are then propagated across an agar medium 
containing bacteria and surrounding the discs. The diffusion (spread) of 
plant-metallic nanoparticles inhibits the growth of fungi and bacteria in 
the region surrounding the disc [90]. The diameter of this inhibitory 
concentration zone was evaluated by measuring the distance that an 
inhibitory concentration of green-synthesized MNPs could reach until 
reaching a specific bacterial density [13]. However, this method is inef-
fective in estimating the MIc, which is the minimal concentration of 
bio-fabricated MNPs that prevents the development of observable bacte-
ria after a predetermined amount of time incubated at a predetermined 
temperature [91].

The dilution method is widely used to investigate the MIc. The dilu-
tion susceptibility testing method (dilution methods) can evaluate the 
antimicrobial activity of green MNPs using agar culture media or liquid 
culture medium [56]. The dilution method is preferable to the diffusion 
method for determining MIc because it provides a more quantitative 
estimate of MNPs antibacterial [92]. The agar dilution technique in-
cludes adding nanoparticle solutions of varying concentrations into a 
liquid medium. A standardized bacterial or microbe suspension was in-
jected into the agar medium with multiple strokes after pouring and 
hardening the mixture to a specific agar depth in a Petri dish with a flat 
surface [93, 94]. The agar plates are placed and subsequently incubated 
at a predetermined temperature according to verified process or orga-
nism practice guidelines.

Testing the diameter of the inhibition zone or the minimum inhibi-
tory concentration (MIc) and modifying the antibacterial or other mi-
croorganism activity of MNPs was influenced by the following factors 
[56, 95, 96]: (a) diversity of strains within the bacteria or microorga-
nism, (b) type and species of bacteria or microorganisms, (c) pH and 
composition of the culture medium, (d) the density of the inoculum, (e) 
the incubation time and temperature, (f) the time of disc application, (g) 
the depth of the agar medium, (h) the shape, size, and zeta potential of 
nanoparticles, and (i) the synergistic and the additive effects of antibac-
terial nanoparticles when used with conventional or nonconventional 
antibiotics.

While the anticorrosion testing technique for MNPs performance 
can use weight loss (gravimetry) and electrochemical methods [97], the 
weight loss method is typically accomplished by exposing coupons to the 
test solution with and without MNPs for a specific time [63]. coupons 
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are collected, cleaned, and weighed to determine the weight change  
after a certain exposure time [98, 99]. Furthermore, the corrosion rate 
(cr, mpy) and percentage of inhibition efficiency (Ie), were determined  
[100]. The electrochemical testing method utilizes three electrodes (a 
counter electrode, a working electrode, and a reference electrode) ar-
ranged in an electrochemical cell [33, 64]. electrochemical corrosion 
testing technique can be carried out using polarization resistance (ASTM 
G5 and G59), electrochemical impedance spectroscopy (eISO ISO  
16773), cyclic potentiodynamic polarization measuring for medical de-
vices (ASTM F2129), pitting and crevice corrosion resistance measure-
ment (ASTM G5 and G150), and potential corrosion measurements 
(ASTM G69).

The corrosion rate and effectiveness of MNPs can be affected by the 
following variables: the type and concentration of MNPs, the tempera-
ture and exposure time, the concentration and type of solution medium 
used, the distance between electrodes, the roughness of the specimen or 
coupon, and the chemical composition of the specimen and solution me-
dium used.

2.5. Greenness of Plant-Based Metallic  
Nanoparticles: Potential Applications

recently, the development of plant-based metal nanoparticles has been 
a growing interest for commercial use due to its various potential indus-
trial applications, including electronics, oil and gas, energy, environmen-
tal, and biomedical applications. MNPs from Au and Ag salt metal con-
centrations have been extensively studied and are of great interest for 
applications as antimicrobial and anticorrosion agents [97]. According 
to the study of various literature, it has great application potential for 
various fields, including but not limited to: (i) energy, oil, and gas in-
dustry as a corrosion inhibitor and biocide, catalyst, and additive in 
coatings [101, 102], (ii) nanomedicine and human health protection are 
used as antimicrobial, antiparasitic, anticancer, antipathogen [48, 78, 
103], antioxidant, and antiinflammatory activity [79], (iii) in the agri-
culture, it is designated as precision agriculture with controlled agri-
cultural chemicals, delivery of target-specific biomolecules, detection 
and treatment of plant diseases, and enhanced nutrient absorption, (iv) 
in the field of food science and technology for processing, packaging, 
and storing, (v) in biological and environmental engineering fields, 
MNPs used as biocatalysts, photocatalysts, and biosensors [39, 45, 104]. 
Fig u re 2 provides results of the potential applications of MNPs in va-
rious fields. 

Other prospective applications, such as photocatalytic and absorp-
tion potential applications [42, 43], and water treatment [105, 106], are 
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documented in the literature, as shown in Fig. 2. Using ginger extract 
to synthesize silver, copper, and nickel nanoparticles is an easy, safe, 
and not expensive method for water decontamination and environmen-
tal applications [106]. Green synthesis of AgNPs using Ustilago maydis 
was applied to reduce and stabilize agents [74].

3. literature survey

3.1. Plant-Based Metallic Nanoparticles  
for Antibacterial Activities

The results of a literature survey on plant-based metallic nanoparticles 
(MNPs) for antibacterial activities in various applications are summa-
rized in Table 1.

3.2. Plant-Based Metallic Nanoparticles for Anticorrosive Activities

Numerous plant-based metallic nanoparticles were used for anticorro-
sion or biocide to control corrosion by microbe can be found in Table 2.

4. Conclusions and Prospects

In recent years, plant-based nanotechnology has developed rapidly, be-
coming one of the most popular and studied disciplines because of its 

Fig. 2. The potential application of plant-based metallic nanoparticles in several 
fields
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Table 1. Literature data on MNPs for antibacterial agents in various fields

Plant type Synthesis conditions NP characteristics Methods Bacteria tested MIc or Ie remarks ref.

Punica 
granatum 
(pomegranate)

Incubated at 37 °c 
for 1 h and centrifugation

Zr NPs (20–60 nm) dilution  
in aqueous 
extracts

Gram-positive (B. sub-
tilis & S. aureus), 
gram-negative (E. coli
& K. pneumoniae), 
and fungi (A. niger) 

Max. concentration 
200 µg/ml

Antibacterial for various 
bacteria, agar well diffu-
sion

[83]

The root of 
Eucleanatalensis

Sol–gel methods for 3 h 
and dried at 105 °c

Zr NPs (5.90– 
8.54 nm) with TeM

dilution in 
aqueous  
extracts

— — Optimal conditions for 
adsorptive properties

[84]

Myristica 
fragrans

Bioaugmentation with 
aqueous fruit extracts 
at room temperature

ZnO NPs 
(41.23 nm by Xrd)

Bioaugmenta-
tion

E. coli, K. pneumonia, 
P. aeruginosa, 
S. aureus

Zone inhibition: E. coli
(15 mm), K. pneumoniae
(27 mm), P. aeruginosa
(17 mm), S. aureus (21 mm)

Antimicrobial, 
antioxidant, 
biocompatible

[45]

Sphagneticola 
trilobata

Mix. zirconyl nitrate in 
plant extract (1:1) for 20 
minutes at 400 rpm

Zr NPs (20–100 nm 
by TeM)

reduction of 
aqueous zirconyl 
nitrate in leaf 
extract

Candida albicans, 
Aspergillus niger, 
plasmodium vivax

Candida albicans (12 mm), 
Aspergillus niger (14 mm), 
Plasmodium vivax (13 mm)

Antifungal & antimalaria [41]

Guettarda 
spciosa

At 85 °c, dried at 100 °c 
for 3 h, and calcined at 
500 °c for 2 h

ZrO2 NPs (4–9 nm 
with Hr-TeM), 
spherical particles

dilution 
in aqueous 
extracts

E. coli, B. subtilis, 
S. typhi, P. aeruginosa

ZrO2NPs are not comparable 
with antibiotics

Natural reducing agent, 
disc diffusion

[47]

Moringa 
oleifera

Zinc acetate in M. oleifera 
extract + NaOH at 24 °c 
for 1 h

ZnO (52 nm by 
Xrd), hexagonal

Precipitation B. subtilis, e. coli B. subtilis (3.5 cm), E. coli
(3.3 cm)

Photocatalytic, 
antibacterial

[43]

lemon & Peel Zrcl dissolved in filtrate 
extracts (juice & peel)

Zr NPs (peak at 
457 & 478 nm for 
peel, 217 & 270 nm 
for lemon)

dilution 
in aqueous 
extracts

McF-7 cell Ie: 92.52% (NPs + lemon), 
95.16% (NPs + peel)

Antioxidant, anticancer [22]

Azadirachta 
indica

AgNO3 in water extracts 
at room temperature

Ag NPs (absorbance 
peak: 420–450 nm)

Bio-reduction E. coli, gram-positive 22 mm at 100 μl Antimicrobial [12]

Laurus 
nobilis 
(bay leaf)

dilution of ZrOcl2⋅8H2O
in leaf extract at 80 °c 
for 2 h and stirred

ZrO2 NPs 
(20–100 nm, SeM)

dilution 
in aqueous 
extracts (biolo-
gical synthesis)

Gram-positive, 
gram-negative

13–15 mm (zone inhibition) Biomedical applications [13]

Eleutherine 
americana

Synthesis by AgNO3 and 
ethanolic extract to 
a colour change at room 
temperature for 24 h

Ag NPs (≈1 μm by 
TeM), amorphous

Bioreduction Free radicals 64.5% (160 ppm) Antioxidant [46]

Ustilago 
maydis

Mixing of 0.01 N AgNO3 
with Ustilago maydis 
aqueous extract with
a source of light

Ag NPs
(100 to 5000 nm)

Sol-gel — — Ustilago maydis reduce 
not only AgNO3 but also 
a stabilizer AgNPS

[74]



ISSN 1608-1021. Usp. Fiz. Met., 2023, Vol. 24, No. 1 209

Green Synthesized Plant-Based Metallic Nanoparticles 

Table 1. Literature data on MNPs for antibacterial agents in various fields

Plant type Synthesis conditions NP characteristics Methods Bacteria tested MIc or Ie remarks ref.

Punica 
granatum
(pomegranate)

Incubated at 37 °c
for 1 h and centrifugation

Zr NPs (20–60 nm) dilution  
in aqueous 
extracts

Gram-positive (B. sub-
tilis & S. aureus), 
gram-negative (E. coli 
& K. pneumoniae), 
and fungi (A. niger) 

Max. concentration 
200 µg/ml

Antibacterial for various 
bacteria, agar well diffu-
sion

[83]

The root of 
Eucleanatalensis

Sol–gel methods for 3 h 
and dried at 105 °c

Zr NPs (5.90– 
8.54 nm) with TeM

dilution in 
aqueous  
extracts

— — Optimal conditions for 
adsorptive properties

[84]

Myristica 
fragrans

Bioaugmentation with 
aqueous fruit extracts 
at room temperature

ZnO NPs 
(41.23 nm by Xrd)

Bioaugmenta-
tion

E. coli, K. pneumonia, 
P. aeruginosa, 
S. aureus

Zone inhibition: E. coli 
(15 mm), K. pneumoniae 
(27 mm), P. aeruginosa 
(17 mm), S. aureus (21 mm)

Antimicrobial, 
antioxidant, 
biocompatible

[45]

Sphagneticola 
trilobata

Mix. zirconyl nitrate in 
plant extract (1:1) for 20 
minutes at 400 rpm

Zr NPs (20–100 nm 
by TeM)

reduction of 
aqueous zirconyl 
nitrate in leaf 
extract

Candida albicans, 
Aspergillus niger, 
plasmodium vivax

Candida albicans (12 mm), 
Aspergillus niger (14 mm), 
Plasmodium vivax (13 mm)

Antifungal & antimalaria [41]

Guettarda 
spciosa

At 85 °c, dried at 100 °c
for 3 h, and calcined at 
500 °c for 2 h

ZrO2 NPs (4–9 nm 
with Hr-TeM), 
spherical particles

dilution 
in aqueous 
extracts

E. coli, B. subtilis, 
S. typhi, P. aeruginosa

ZrO2NPs are not comparable 
with antibiotics

Natural reducing agent, 
disc diffusion

[47]

Moringa 
oleifera

Zinc acetate in M. oleifera 
extract + NaOH at 24 °c
for 1 h

ZnO (52 nm by 
Xrd), hexagonal

Precipitation B. subtilis, e. coli B. subtilis (3.5 cm), E. coli 
(3.3 cm)

Photocatalytic, 
antibacterial

[43]

lemon & Peel Zrcl dissolved in filtrate 
extracts (juice & peel)

Zr NPs (peak at 
457 & 478 nm for 
peel, 217 & 270 nm 
for lemon)

dilution 
in aqueous 
extracts

McF-7 cell Ie: 92.52% (NPs + lemon), 
95.16% (NPs + peel)

Antioxidant, anticancer [22]

Azadirachta 
indica

AgNO3 in water extracts 
at room temperature

Ag NPs (absorbance 
peak: 420–450 nm)

Bio-reduction E. coli, gram-positive 22 mm at 100 μl Antimicrobial [12]

Laurus 
nobilis
(bay leaf)

dilution of ZrOcl2⋅8H2O 
in leaf extract at 80 °c
for 2 h and stirred

ZrO2 NPs 
(20–100 nm, SeM)

dilution 
in aqueous 
extracts (biolo-
gical synthesis)

Gram-positive, 
gram-negative

13–15 mm (zone inhibition) Biomedical applications [13]

Eleutherine 
americana

Synthesis by AgNO3 and 
ethanolic extract to 
a colour change at room 
temperature for 24 h

Ag NPs (≈1 μm by 
TeM), amorphous

Bioreduction Free radicals 64.5% (160 ppm) Antioxidant [46]

Ustilago 
maydis

Mixing of 0.01 N AgNO3

with Ustilago maydis 
aqueous extract with
a source of light

Ag NPs
(100 to 5000 nm)

Sol-gel — — Ustilago maydis reduce 
not only AgNO3 but also 
a stabilizer AgNPS

[74]
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properties and potential relevance in controlling or inhibiting microor-
ganisms. Most published data on nanoparticle synthesis and characteri-
zation is intended for biotechnology and medicine applications. At the 
same time, it is still limited to industrial applications, especially anti-
corrosion agents. Plant-based metallic nanoparticles (MNPs) provide 
straightforward, non-toxic, relatively inexpensive and green synthesis 
methods. Nanotechnology enables improved developmental activities to 
generate and analyse new formulations based on metal nanoparticles 
with promising applications in various fields. This review has discussed  
various plant-based MNPs and their potential applications. Because of 
the growing threat NPs approach to the environment and human health, 
research was conducted to characterize the toxicity, advantages, and draw-
backs of plant-based metallic nanoparticles and their future ap plications. 
Using plant-based metallic nanoparticles with added value has become a 
significant and efficient effort to improve synthesis efficiency.

In this review, we also identified the main parameters to consider 
when testing antimicrobial and antibacterial activity to maximize their 
effectiveness and broaden their wide applications. The strategy for se-
lecting the test method, which aims to deliver the correct dose in the 
right time frame, will ultimately determine the efficiency level with 
which it can be used. The application and implementation of techno-
logical approaches for commercial enhancement and adoption in differ-
ent fields should be enforced in the future. The spread of nanotechno-

The End of Table 1.

Plant type Synthesis conditions NP characteristics Methods Bacteria tested MIc or Ie remarks ref.

Cannabis 
sativa

Synthesized by the cortex 
and core part of the stem

c–Au NPs (12–18 nm) 
& c–Ag NPs 
(20–40 nm), 
crystalline

dilution in aque-
ous extracts

P. aeruginosa, E. coli MIc: 6.25 & 5 μg/ml;
and MBc: 12.5 & 25 μg/ml
for P. aeruginosa & E. coli

Antibiofilms [104]

Tridax 
procumbens

Heated at 60 °c 
and 95 °c

55 nm dilution in aque-
ous extracts

Several 
microorganisms

Zone of inhibtion <10 mm antipathogens [78]

Coriander 
sativum

At 40 °c for 45 min. Tri-metallic oxide 
(Ni/cr/cu)

dilution in aque-
ous extracts

E. coli, S. aureus Zone inhibition (random) antimicrobial [44]

different 
spices

0.5 M cuSO4 added 
to spice extract (ratio 1 : 1) 
and kept in the dark 
at 37 °c for 24 h

cu NPs (150–200 nm) Phytosynthesis S. aureus High antibacterial activity 
(1.33 cm ZOI)

Antibacterial [105]

Acacia 
cyanophylla

Optimum aqueous extract 
conditions: 35 °c for 48 h

Ag NPs (88.11 nm) Bioreduction e. coli MIc: 3.125–12.5 μg/ml reduction agents, 
high antibacterial 
activity

[56]
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logy in the coming years will help to replace existing harmful tools by 
removing harmful contaminants from the soil and preserving the sanc-
tity of the environment. Improvements made possible by embedding 
nanotechnology have demonstrated tremendous potential for lowering 
total costs and processing time. The long-term effects of nanoparticle 
use are still being studied, as proper evaluation is required before pro-
ceeding with large-scale implementations to mitigate potential environ-
mental impacts.

This review also investigates the antibacterial and quality processes 
that affect MNPs assessment and anticorrosion and addresses what is 
often stated in the scientific literature on the antimicrobial and anticor-
rosion properties of plant-based metallic nanoparticles. Because of mi-
nimum information about the chemical, biological, and laboratory equip-
ment, it is not easy to collect accurate and reproducible data and acquire 
deep insights into comparative investigations. Moreover, there is a lack 
of standardization of experimental techniques and laboratory settings, 
as well as a lack of information and word count restrictions enforced by 
many journals, making this situation even more complicated.

Although many antibacterial and anticorrosion approaches have 
been reported in the literature, very few platforms have achieved large 
scale until now. The difficulty of achieving success on a broad scale can 
be partially due to the problem complexity and the complexity of its 
parameters. In addition, the existing in vitro methods for assessing an-

The End of Table 1.

Plant type Synthesis conditions NP characteristics Methods Bacteria tested MIc or Ie remarks ref.

Cannabis 
sativa

Synthesized by the cortex 
and core part of the stem

c–Au NPs (12–18 nm) 
& c–Ag NPs 
(20–40 nm),
crystalline

dilution in aque-
ous extracts

P. aeruginosa, E. coli MIc: 6.25 & 5 μg/ml; 
and MBc: 12.5 & 25 μg/ml 
for P. aeruginosa & E. coli

Antibiofilms [107]

Tridax 
procumbens

Heated at 60 °c
and 95 °c

55 nm dilution in aque-
ous extracts

Several 
microorganisms

Zone of inhibtion <10 mm antipathogens [78]

Coriander 
sativum

At 40 °c for 45 min. Tri-metallic oxide
(Ni/cr/cu)

dilution in aque-
ous extracts

E. coli, S. aureus Zone inhibition (random) antimicrobial [44]

different 
spices

0.5 M cuSO4 added 
to spice extract (ratio 1:1) 
and kept in the dark 
at 37 °c for 24 h

cu NPs (150–200 nm) Phytosynthesis S. aureus High antibacterial activity 
(1.33 cm ZOI)

Antibacterial [108]

Acacia 
cyanophylla

Optimum aqueous extract 
conditions: 35 °c for 48 h

Ag NPs (88.11 nm) Bioreduction e. coli MIc: 3.125–12.5 μg/ml reduction agents, 
high antibacterial 
activity

[56]
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tibacterial agents do not accommodate actual in vivo field conditions. 
Also omitted was the study of bioactive compounds, which play a crucial 
role in antibacterial and anticorrosion prevention. Structured and con-
sistent research will be required to establish widely accepted standard-
ized validation methods for generating and characterizing plant-based 
metal nanoparticles. Addressing this significant challenge will neces-
sitate the collaborative efforts of researchers from various disciplines to 
deliver fundamental advances in bionanotechnology and other in -

Table 2. Literature on MNPs for anticorrosive agents in various fields

Plant type Synthesis conditions NP characteristics Methods Bacteria tested MIc or Ie remarks ref.

Tangerine peels dilution extract to 
deionized water and 
mixed with AgNO3

TPe-Ag NPs 
(38.4–47.6, 40–50, 
& 36.9–56.1 nm for 
Xrd, TeM, & dlS)

Bio-reduction Desulfovibio sp. 93.9% and 90.3% at 303
and 333 K for 1 g/l TPe-Ag NPs

corrosion inhibition 
by adsorption

[64]

Allium cepa peels dilution extract to 
deionized water and 
mixed with AgNO3

Ag NPs by UV–Vis, 
TeM & dlS 
(42.5 nm by TeM)

Bio-reduction SrB (Desulfovibio sp.) MIc: 2.07 mg/l; Ie: 30.8%
for carbonate scale; 55.9% 
for biocorrosion. 

Anticorrosion & 
antiscale 

[63]

Punica granatum 
(pomegranate)

Zinc salt solution was 
added to Pomegranate 
extract at 60 °c for 2 h

ZnO NPs (400 nm) dilution in aqueous 
extracts

Gram-negative, gram-
positive

Ie: 99.9% by coating 
with ZnO NPs (298–328 K)

Anticorrosion & 
antimicrobial

[33]

Nutshell AgNO3 added 
to extract solutions

Ag NPs 
(30 nm with TeM)

dilution in aqueous 
extracts

— Ie: 90.81% at 0.4 mg/l Anticorrosion & 
anticancer

[106]

Olive A mix of 1 M Ticl4 
& 20 ml Olive extract 
at room temperature 
for 1 h

TiO NPs 
(70–74 nm)

Bioreduction — Ie: 94.3% at 30 °c & 85.5%
at 60 °c

Anticorrosion [107]

red onion peels Mix. of AgNO3 & 
aqueous extract at 
room temperature

Ag NPs (45 nm) Bioreduction — Ie: 94.5% at 30 °c & 86.7% 
at 60 °c

corrosion inhibitor 
for pickling and acid 
wash operations

[108]

Pandanus 
amaryllifolius

Mix. of Zn(NO3)2.6H2O 
& aqueous extract at 
various temperature 
(60, 70 & 80 °c)

ZnO NPs Bioreduction — Ie: 79% at 60 °c corrosion inhibitor [109]

Sida acuta Mixing until colour 
changes

Ag NPs (14.9 nm) Biosynthesis E. coli, S. aureus, 
S. faecalis

Max. zone (13 mm) & Ie: 88% Antimicrobial & 
anticorrosion

[110]

Cannabis sativa At room temperature 
for 1 h

cr2O3 NPs 
(85–90 nm)

Bioreduction HepG2 cell Ie: 89% at 303 K Anticancer & 
anticorrosion 

[87]

Lonchocarpus 
laxiflorus

The mixture of AgNO3 
& extract at 25 °c for 
48 h

Ag NPs (2.3 nm) Bioreduction — The activation energy (Ea): 
80 Kj/mol

Anticorrosion [111]
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dustries. However, it must also provide numerous opportunities for  
innovation.
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Table 2. Literature on MNPs for anticorrosive agents in various fields

Plant type Synthesis conditions NP characteristics Methods Bacteria tested MIc or Ie remarks ref.

Tangerine peels dilution extract to 
deionized water and 
mixed with AgNO3

TPe-Ag NPs 
(38.4–47.6, 40–50, 
& 36.9–56.1 nm for 
Xrd, TeM, & dlS)

Bio-reduction Desulfovibio sp. 93.9% and 90.3% at 303 
and 333 K for 1 g/l TPe-Ag NPs

corrosion inhibition 
by adsorption

[64]

Allium cepa peels dilution extract to 
deionized water and 
mixed with AgNO3

Ag NPs by UV–Vis, 
TeM & dlS 
(42.5 nm by TeM)

Bio-reduction SrB (Desulfovibio sp.) MIc: 2.07 mg/l; Ie: 30.8% 
for carbonate scale; 55.9% 
for biocorrosion. 

Anticorrosion & 
antiscale 

[63]

Punica granatum
(pomegranate)

Zinc salt solution was 
added to Pomegranate 
extract at 60 °c for 2 h

ZnO NPs (400 nm) dilution in aqueous 
extracts

Gram-negative, gram-
positive

Ie: 99.9% by coating 
with ZnO NPs (298–328 K)

Anticorrosion & 
antimicrobial

[33]

Nutshell AgNO3 added 
to extract solutions

Ag NPs 
(30 nm with TeM)

dilution in aqueous 
extracts

— Ie: 90.81% at 0.4 mg/l Anticorrosion & 
anticancer

[109]

Olive A mix of 1 M Ticl4
& 20 ml Olive extract 
at room temperature 
for 1 h

TiO NPs 
(70–74 nm)

Bioreduction — Ie: 94.3% at 30 °c & 85.5%
at 60 °c

Anticorrosion [110]

red onion peels Mix. of AgNO3 & 
aqueous extract at 
room temperature

Ag NPs (45 nm) Bioreduction — Ie: 94.5% at 30 °c & 86.7% 
at 60 °c

corrosion inhibitor 
for pickling and acid 
wash operations

[111]

Pandanus 
amaryllifolius

Mix. of Zn(NO3)2.6H2O 
& aqueous extract at 
various temperature 
(60, 70 & 80 °c)

ZnO NPs Bioreduction — Ie: 79% at 60 °c corrosion inhibitor [112]

Sida acuta Mixing until colour 
changes

Ag NPs (14.9 nm) Biosynthesis E. coli, S. aureus, 
S. faecalis

Max. zone (13 mm) & Ie: 88% Antimicrobial & 
anticorrosion

[113]

Cannabis sativa At room temperature 
for 1 h

cr2O3 NPs 
(85–90 nm)

Bioreduction HepG2 cell Ie: 89% at 303 K Anticancer & 
anticorrosion 

[87]

Lonchocarpus 
laxiflorus

The mixture of AgNO3

& extract at 25 °c for 
48 h

Ag NPs (2.3 nm) Bioreduction — The activation energy (Ea): 
80 Kj/mol

Anticorrosion [114]
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«ЗеленІ» синтеЗОВанІ МеталеВІ нанОЧастинки на рОслиннІй 
ОснОВІ для ПрОтиМІкрОБних та антикОрОЗІйних ЗастОсуВань

Металеві наночастинки (МнЧ), розроблені шляхом «зеленого» синтезу з різними 
рослинними екстрактами, привернули увагу наукової спільноти завдяки своїм 
протимікробним і антикорозійним властивостям. кілька методів синтезу і харак-
теристик було успішно реалізовано та розроблено задля оцінки фармакологічних 
властивостей і ефективности цих МнЧ. у цій статті обговорюються синтез та 
характеризація металевих наночастинок рослинного походження, різні типи 
металевих наночастинок рослинного походження та їхнє перспективне застосу-
вання. Цей огляд має сприяти розумінню того, що в наукових статтях зазвичай 
стверджується про МнЧ як протимікробні та антикорозійні засоби, а також ви-
світлити основні параметри та процедури, які впливають на протимікробні й ан-
тикорозійні дослідження МнЧ рослинного походження. Одначе, незважаючи на 
численні антибактеріальні й антикорозійні підходи, описані в літературі, зовсім 
небагато основоположень досягли великого масштабу. труднощі в досягненні ши-
рокомасштабного успіху частково можуть бути пов’язані зі складністю проблеми 
та різними параметрами. таким чином, будуть потрібні систематичні дослід-
ження, щоб створити стандартизовану, широко прийняту методологію валідації 
для синтезу та характеризації металевих наночастинок рослинного походження.

Ключові слова: антикорозійний засіб, протимікробний засіб, «зелений» синтез, 
рослинні екстракти, нанотехнології, наночастинки металів.




