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Introduction: Nanotechnology is the science that deals with matter on the nanoscale, with sizes ranging from 1 to 100 nm. It involves 
designing, synthesising, characterising and applying these nanoscale materials. Nanoparticles (NPs) are known for their high surface- 
area to volume-ratio, surface charge density, low melting point, and distinguishably good optical/electrical properties. NPs exhibit an 
excellent drug delivery system, an effective contrast agent for vascular imaging, and effective antimicrobial activity. The biological 
synthesis of NPs is a simple, cost-effective, and environmentally friendly technique. This bottom-up technique utilises organisms’ 
enzymes/bio-compounds and a plant extract as capping and reducing agents. Cinnamomum species are known for their intrinsic 
antimicrobial, antidiabetic, antioxidant, anti-inflammatory, anticancer, and neuroprotective properties. This review summarises articles 
that greenly synthesised NPs using Cinnamomum species’ extracts, describing their methodologies, characterisation of the nanopar
ticles and their medical applications.
Methods: A literature search has been conducted on databases PubMed, ScienceDirect, and Frontier on the green synthesis of metal 
nanoparticles (MNPs) using Cinnamomum-based extracts. Various articles reported the methodology of utilising Cinnamomum 
species’ extracts as reducing and capping agents. Only original lab articles were considered.
Results: Various types of MNPs have been successfully synthesised. The most common Cinnamomum species utilised as extracts is 
Cinnamomum tamala. The most common applications tested were the MNPs’ antibacterial, antiviral, antifungal, antidiabetic and 
anticancerous activity. MNPs also had a role in treating mice-induced polycystic ovarian syndrome and Parkinson-like neurodegen
erative diseases.
Conclusion: Cinnamomum species have been successfully utilised in the green synthesis of various MNPs. Silver and Gold NPs were 
the most reported. These MNPs proved their efficacy in multiple fields of medicine and biology, especially their antibacterial, antiviral 
and antifungal activity. Notably, the newly synthesised NPs showed promising results in treating polycystic ovarian syndrome in rats.
Keywords: green synthesis, Cinnamomum, metal nanoparticles, biological applications

Introduction
Nanotechnology is considered the most dynamic and mushrooming field of research in material sciences.1 It is 
universally the subject of interest in transitional research.2 Nanotechnology is the science that deals with matter on the 
nanoscale, with sizes ranging from 1 to 100 nm.1–3 It involves designing, synthesising, characterising and applying these 
nanoscale materials.3 Nanotechnology has been integrated enormously into medical applications such as drug and gene 
delivery, detection of proteins, pathogens and tumours and magnetic resonance imaging (MRI).3 The variety of 
applications of nanoparticles (NPs) is attributed to their wide range of size distributions, large surface area, and 
morphology, which determines their novel or enhanced properties.4,5 Metal nanoparticles (MNPs) are considered the 
most promising nanostructures to be utilised in the aforementioned medical applications.6
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The synthesis of NPs can be divided into two main categories: top-down and bottom-up.7 Each category includes 
several methods of synthesis. The green synthesis of nanoparticles is a bottom-up technique.7 This technique has received 
increasing attention over the last decade, particularly in synthesising MNPs, due to the growing need to develop 
environmentally friendly, cost-effective, and relatively straightforward synthesis approaches.6–8 In this process, living 
organisms such as plants, bacteria, algae and fungi are utilised to produce an extract that serves as reaction media and 
a capping agent.9 The active biomolecules involved in these extracts are carbohydrates, proteins, vitamins, polymers, 
phytochemicals and natural surfactants, providing the NPs with a high state of stability and enhanced dispersity.10 The 
other main category of techniques is the top-down techniques, including thermal decomposition, mechanical milling, 
lithography, laser ablation and sputtering.7 The green synthesis of NPs is considered the best and the most promising 
synthesis approach compared to its chemical and physical counterparts. These chemical and physical approaches involve 
using hazardous and highly toxic chemicals and utilising costly instrumentation.7

The Cinnamomum species have been used as food derivatives and medicinal herbs for thousands of years. They are 
considered among the most popular medicinal herbs in the world in terms of their antioxidant capabilities, as they contain 
various polyphenolic compounds.11 Cinnamomum has been shown to exhibit antibacterial and antifungal properties that 
can be useful in many ways. Cinnamon essential oils, for example, do not induce antimicrobial resistance, which allows 
them to be used for a long period of time.12 Cinnamomum verum, an ancient spice, was widely used to flavour cooking, 
stewed fruit, and tea. Drinking C. verum tea regularly may help alleviate oxidative stress-related illnesses. It was also 
known for its medicinal benefits for diabetes and lowering blood cholesterol.13 Cinnamomum species are commonly used 
in China to treat inflammatory diseases such as arthritis, skin-inflammatory, and diabetes-related inflammation.14 

Cinnamomum and its derivatives were observed to have anticancerous properties by various mechanisms including 
inhibiting nuclear factor-kappa B (NF-kB) and inducing apoptosis in cancer cells.12,15,16 Due to their reducing and 
capping properties, Cinnamomum species are considered one of the best agents for synthesising MNPs.13 It was reported 
in the synthesis of many MNPs, such as silver,14 gold,17 copper,18 metal oxide, and magnetic13 nanoparticles.

In this review, we briefly describe what NPs are, their classification (particularly MNPs), their synthesis, and the 
characterisation methods of these NPs. We then provide a detailed description of the literature available on MNPs that are 
greenly synthesised by utilising Cinnamomum species and their application. We will describe in detail the methodology 
of reports found on the topic, along with the summary of finding results related to the characterisation of these 
nanoparticles and their applications. This review should serve as a guideline and a reference paper for methodology, 
characterization, and biological/medical application in all Cinnamomum-related metal nanoparticles.

Nanoparticles, Their Properties, Synthesis and Characterisation
Nanoparticles and Their Properties
Nanoparticles are materials with nanoscale dimensions ranging from 1 nm to 100 nm.19 A nanoparticle consists of three 
distinct layers: (i) the surface layer, to which metal ions, surfactants, polymers and small molecules attach.20 (ii) The shell 
layer is a layer that protects against oxidation and other harsh environmental conditions.20,21 (iii) The core involves the 
inner, central part of the NP, the part with which the NP is named.20 NPs have unique optical properties that distinguish 
them from other materials. Their optical properties are size-dependent and manifest in a UV-visible excitation band 
absent in the bulk material.20 This excitation band is known as the NP’s Localised Surface Plasmon Resonance (LSPR). 
It arises from a collective oscillation of the conduction band electrons of the MNPs excited by the incident of a selective 
wavelength. The classification of NPs can be based on their size, morphology, and chemical or physical properties. There 
are four main types of NPs based on their chemical and physical characteristics: (a) Carbon-based NPs, (b) Metallic NPs, 
(c) Ceramic NPs, (d) Semiconductor NPs, (e) Polymeric NPs, (f) Lipid-based NPs.20 In this review, we will highlight the 
role of Cinnamomum in developing MNPs.

Metallic Nanoparticles
MNPs are the most studied types of nanoparticles.22 They are synthesised purely from metal precursors. MNPs are 
composed of a metal core consisting of an inorganic metal or a metal oxide that is usually shielded by a shell of either 
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organic or inorganic material or metal oxide.20 MNPs are an essential research focus due to their high surface area-to- 
volume ratio, pore size, surface charge and surface charge density, crystalline and amorphous structures, low melting 
point, good catalytic and thermal properties, and most importantly, their good distinguishable optical and electrical 
properties.13,23 MNPs have unique LSPR features and possess distinguishable optoelectrical properties.20 MNPs made of 
alkali and noble metals have a broad absorption band that is situated within the visible region of the electromagnetic 
spectrum.20 Commonly used metal nanoparticles are gold (Au), silver (Ag), iron (Fe), zinc (Zn), copper (Cu), cobalt 
(Co), and aluminium (Al). MNPs can be prepared in various shapes and sizes. Zero-dimensional nanoparticles, quantum 
dots, nanospheres. One-dimensional nanorods, nanowires. Two-dimensional gold NPs are nanostars, and three- 
dimensional gold nanoparticles are triangular, nano-prisms, nanotubes, nanocubes, nano-dumbbells, and nano- 
dendrites.24 By utilising all these unique properties of the MNPs, various applications can be established in different 
interdisciplinary branches, including medicine, agriculture, food, space, material science, biology, chemistry and 
physics.13

Synthesis of Nanoparticles
Various methods and approaches can synthesise NPs. They can be synthesised physically by microwave irradiation, 
ultraviolet radiation, laser ablation, thermal decomposition, photochemical or radical-induced.25 NPs can also be 
synthesised chemically by coprecipitation, supercritical fluid and chemical reduction.25 Furthermore, biological 
approaches use bacteria, algae, fungi or plant extracts.25 The synthesis of NPs can be subdivided into two main 
categories: (i) Top-down synthesis and (ii) Bottom-up synthesis.20 Each category is subdivided into sub-categories or 
methods based on the procedure, the reaction’s condition, and the adopted protocol. Figure 1 illustrates the various 
subdivisions and methods followed in synthesising NPs.20

The top-down synthesis employs a destructive approach in which a larger molecule is disintegrated into smaller 
molecules that are then modified and changed into NPs.22 Mechanical milling is the famous and most studied example of 
a top-down method.23 In this approach, a powder charge and a milling medium are placed in a high-energy mill to mill 
and blend the particle to a specific minute and controlled size and shape.26 In mechanical milling, modifying factors such 
as plastic deformation, cold-welding and fracture can lead to a controlled change in the nanoparticle’s parameters such as 
shape, an increase or a decrease in size, respectively.26 This method has been utilised to synthesise many NPs, such as 
iron oxide NPs,27 chalcopyrite (CuAlS2) NPs,28 Zirconium Carbide (ZrC) and Hafnium Carbide (HfC) NPs.29

The bottom-up approach, also called the building-up approach, is the most common approach for synthesising 
NPs.20,30 It involves building materials to construct the NPs.20,30 Various techniques are based on a bottom-up approach, 
such as spinning, the sol-gel method and most importantly, the biological synthesis method.20,23,31 In the spinning 
approach, a spinning disc reactor contains a rotating disc filled with the NP’s liquid precursor. The reactor is filled with 
an inert gas to remove the oxygen within the rotator. The disc is rotated at a calculated speed and temperature that causes 
the atoms and molecules within the rotator to fuse and precipitate, creating the NPs. The characteristics of the NPs are 
determined by parameters such as the liquid flow rate, the disc rotation speed, liquid/precursor ratio, and feed and disc 
surface location.23 Silver nanoparticles (AgNPs) are a leading example of utilising this technique.32 The sol-gel method 
is a well-known technique for synthesising metal oxide NPs.31 In this method, a liquid precursor (usually metal 
alkoxides) is transformed into sol and then converted into a network of a structure called gel.31 Biological synthesis is 
the most environmentally friendly technique. It is non-toxic and biodegradable. It is considered superior to the methods 
mentioned above, being more straightforward, cost-effective, and less harmful to the environment and human health.33 It 
relies on an enzymatic process that replaces the chemical reactions in the chemical approaches and is not as energy- 
consuming as the abovementioned techniques.33 Biosynthesis utilises plants, bacteria, algae and fungi to establish the 
reaction media and act as a capping agent.9 This process occurs in three main steps. The selection reaction media, the 
biological reducing agent and non-carcinogenic substances stabilise the formed nanoparticles.34,35 Figure 2 demonstrates 
the use of Cinnamomum extract as a stabilising and reducing agent in the biological production of metal nanoparticles. In 
this example, gold solution was used to create gold nanoparticles (AuNPs). This can be replaced with other metallic 
solutions to synthesize different types of MNPs.
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Characterization of Nanoparticles
Nanoparticle parameters like size, shape and surface functionality are essential in determining the application in which 
the NPs can be utilised. For example, the NPs’ size can determine their pathway of entry into the cell, whether 
phagocytosis or pinocytosis.36 The shape of the nanoparticle is also essential in determining its functional properties. 
For example, nanorods with certain aspect ratios were utilised as novel contrast agents to be used in photothermal cancer 
therapy and molecular imaging.37,38 The spherical-shaped NPs have an application in the biomedical field, whereas the 
hexagonal and rectangular-shaped NPs are useful in biomedical imaging.13 The morphology of the NP can be assessed by 
microscopical methods, such as scanning electron microscopy (SEM) and transmission electron microscopy (TEM).39 

These techniques will show the size, shape and distribution of the nanoparticles. Spectroscopic techniques such as 
infrared, ultraviolet-visible (UV), photoluminescence (PL), magnetic resonance and diffuse reflectance spectrometer 
(DRS) can also reveal the size, shape and concentration of nanoparticles.39 DRS can show the band gap energy of NPs. 
PL is used to study the emission and absorption of the incident photons, half-life and the recombining effects of the 
charges.39 X-ray diffractometry (XRD) can reveal the phase, particle size, type of the NPs and their crystal nature.39 

Energy-dispersive X-ray spectroscopy (EDX) can determine the elemental composition of the NPs. X-ray photoelectron 
spectroscopy assesses the composition ratio of the elements that exist in NPs.39 Raman and Fourier-transform infrared 
spectroscopy (FTIR) is used to estimate the functional groups involved in the reduction and capping processes. The zeta 

Figure 1 Diagram illustrating the techniques used in the synthesis of nanoparticles.
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Figure 2 Steps involved in the biological synthesis of metal nanoparticles using Cinnamomum extract as a stabilizing and a reducing agent.
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potential is vital to determine the degree of the stability of the NPs by measuring their surface charge potential.40 Having 
a large positive or negative zeta potential is an indicator of the excellent physical stability of the NPs.40

Nanoparticles and Their Medical and Biological Applications
MNPs have enormous applications in various interdisciplinary science fields, especially medicine. NPs have been in the 
nanoscale and have direct access and communications with cells.41 They can be utilised to construct an excellent drug 
delivery system. NP-based drug delivery systems in cancer therapy have shown many advantages in terms of pharma
cokinetics, precision in targeting tumour cells, reduction in side effects and drug resistance.42,43 The ability of NPs to 
circulate throughout the body allows extensive, accurate imaging of different tissues, organs such as the brain, and 
a comprehensive range of tumours.44,45 MNPs are believed to have better probe biocompatibility, biodistribution and 
a longer half-life. These properties facilitate reaching the target with minimal toxicity.46 Nanoparticles are known to have 
antimicrobial activity due to their interaction with the microbial intracellular vital components like DNA, RNA and 
ribosomes, which alter their bioactive processes.47

Cinnamomum
The genus Cinnamomum includes different plant species that have long been known for their usage as food, food 
derivatives and spice.48 Several traditional healing methods have utilised this plant in herbal medicine to cure various 
illnesses, such as urinary tract infections, dyspepsia, flatulence, nausea, and as a relief for abdominal discomfort.48,49 It 
was confirmed that the bioactive compound of Cinnamomum species is intrinsically antimicrobial,50 antidiabetic,51 

antioxidant,52 anti-inflammatory,53 anticancer,54,55 and neuroprotective.48 The main bioactive components of 
Cinnamomum, cinnamaldehyde and eugenol, can act as anti-inflammatory substances by inhibiting arachidonic acid’s 
release from the cell membrane.48 A total of 127 chemical compounds have been identified in the genus Cinnamomum.48 

The main compounds identified include cinnamaldehyde, cinnamates, cinnamic acid, and essential oils, mainly contain
ing eugenol. For example, the bark and leaf essential oils of C. verum contain eugenol (90.2%) and cinnamaldehyde 
(44.2%). These components have shown antibacterial effects by inhibiting bacterial beta-lactamase production.50 The 
high presence of cinnamaldehyde and eugenol in Cinnamomum species grants its vital oxygen and reducing properties, 
which led many researchers to try and unfold its ability as a bio-reducing agent to produce metal nanoparticles. The 
Cinnamomum’s polyphenols act as capping agents and play a crucial role in controlling the agglomeration of the 
developed NPs.13 This process was expected to occur by deprotonating the hydroxyl group of the eugenols in the 
Cinnamomum species.18 After the deprotonation, the eugenol becomes an anionic form. Electron withdrawing groups in 
eugenol, such as methoxy and ally group, further oxidize the eugenol, resulting in its strong reduction ability followed by 
its capping properties.18 Researchers successfully reported the synthesis of a different variety of MNPs such as 
silver,8,11,14,56–60 gold,17,61–66 copper,18,67 selenium,47 manganese,68 magnetic,13 zinc oxide69,70 and titanium oxide.71 

This review discusses the experimental methodology of each of the metal nanoparticles. This is followed by a brief 
description of their characteristics and their application.

Cinnamomum-Based Metallic Nanoparticles
Cinnamomum-Based Silver Nanoparticles
Silver nanoparticles (AgNPs) are known for their application in many fields of science and technology. In the following 
section, we will briefly describe and discuss the experiments in which Cinnamomum-based methods were utilised in the 
synthesis of AgNPs. For each experiment, we will briefly describe the methodology of Cinnamomum extract creation, the 
analysis of the synthesized nanoparticles and the results of their characterisation. We will also provide the results of their 
tested application. Table 1 summarises the experiments discussed in this section.

Synthesis and Characterization
Yadav and Khurana56 successfully reported the synthesis of AgNPs from aqueous silver nitrate (AgNO3) solution 
utilising Cinnamomum tamala leaves Extract as a stabilising and capping agent. Two grams of C. tamala leaves were 
washed, crushed and stirred with 20mL of deionised water for 15–20 mins at 60 °C. The solution was then filtered to be 
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the cinnamon extract. About 80mL of 0.2mmol/L AgNO3 was added to 10mL of the Cinnamomum extract and was 
magnetically stirred for 1 hour in a dark room. The colour of the test tube changed from clear transparent to light yellow, 
then to orange-brown with stirring, indicating the formation of AgNPs. The presence of AgNPs was confirmed using UV- 
vis spectroscopy with an absorbance peak at 440 nm. The intensity of the peak increased proportionally with the duration 
of the stirring time, which can be explained by the plasmon resonance phenomena exhibited by the AgNPs. A High- 
Resolution Transmission Electron Microscopy (HRTEM) image of the sample revealed nanoparticles spherical in shape 
and ranged from 7–15 nm in size with an average size of 8 ± 2 nm. The AgNP sample was subjected to EDX for 
elemental analysis and exhibited a strong signal for silver, further confirming the presence of AgNPs.56 XRD analysis 
revealed three diffraction peaks, at 38.06° 44.02 o, and 64.36 o, which were indexed to the (111), (200), and (220) planes 
of cubic face-centred silver.56

Premkumar et al11 also reported the successful synthesis of AgNPs from aqueous silver nitrate (AgNO3) solution with 
cinnamon leaf broth as both a reductant and a stabiliser. One-gram cinnamon was obtained from a local store, air dried, 
ground to powder, placed in 25mL distilled water, and stirred for 25 minutes. The solution was heated for 30 minutes in 
a water bath at a maintained temperature of 50–60 °C and then filtered. The synthesis of NPs was achieved by adding 10 
uL of AgNO3 to a test tube that contained a ratio of 0.5 mL of cinnamon extract to 4.5 mL of distilled water. The 
corresponding test tube was kept for 48 hours to be analysed. The colour of the mixture in the test tube changed from 
transparent yellowish to reddish-brown colour, which suggests the reduction of AgNO3 to Ag+ ions. The presence of 
AgNPs was confirmed using UV-vis spectroscopy. The absorbance peak appeared at 412 nm directly after the 48-hour 
incubation period and 423.2 nm after being subjected to 3 days of stability testing. The field emission scanning electron 
microscope (FESEM) revealed monodispersed spherically shaped NPs with sizes ranging from 50 to 70 nm. XRD was 
utilised to analyse the structural aspect of the AgNPs. XRD of the AgNPs revealed five diffraction peaks at 27.743°, 
32.161°, 38.025°, 46.159° and 54.720°, with a corresponding interplanar spacing (d) of 3.21, 2.78, 2.36, 1.96 and 1.67, 
respectively. FTIR revealed O-H stretch from carboxylic acid, C=N stretch from oxime compound, and C-Cl, C-Br, and 
C-I stretch from Halo compounds. These compounds are responsible for reducing and capping the Ag+ ions.11

Aref and Salem58 successfully synthesized AgNPs by utilizing C. camphora callus extract. The callus was obtained 
from a 5–6 week old C. caphora plantlets, divided into equal 1g masses and placed in a specialized Murashige and Skoog 
medium for growth. Each callus was incubated in different light conditions, 1500 lux of white, red, yellow, and blue 
light. Two grams of dried callus was added to a 100mL of distilled water and heated at 60°C for three hours. The mixture 
was then filtered using a Whatman filter paper No.1. The filtrate was taken as the callus. Extract (CluE) utilised in the 
synthesis of AgNPs. One hundred millilitres of the Callus was added to AgNO3 to reach a final concentration of 1mM. 

Table 1 Summary of the Literature on Greenly Synthesized Silver Nanoparticles Using Cinnamomum-Based Extract. Information 
About the Cinnamomum Species Was Utilised, Silver Solution Was Employed, the Average Size of the Synthesized Nanoparticle, Shape, 
Absorption Peak, Zeta Potential Was Tested, and the Application Was Tested

Author/s Type of NP 

Synthesized

Cinnamomum 

Species

Metal 

Solution

Average/range 

of Size of NP

Shape of the 

Majority of 

NPs

UV Spectroscopy 

Absorption Peak

Zeta 

Potential

Application Tested

Yadav and 

Kuharana56

Silver NPs C. tamala Silver 

nitrate

8 ± 2 nm Spherical 440 nm Not reported Catalyst for the synthesis of 

pyranopyrazole derivatives

Premkumar 

et al11

Silver NPs Cinnamon Silver 

nitrate

50–70 nm Spherical 423 nm Not reported Antibacterial activity against S. aureus, 

B. cereus, E. coli and P. aeruginosa

Aref and 

Salem58

Silver NPs C. camphora Silver 

nitrate

5.47 to 9.48 Spherical 420 Not reported Antibacterial activity against S. aureus, 

B. subtilis, E. coli and P. aeruginosa

Fatima 

et al59

Silver NPs C. cassia Silver 

nitrate

Average (42 nm), 

Range (25–55 

nm)

Spherical 410 Not reported Antiviral activity against influenza virus 

H7N3

Alwan and 

Al-Saeed60

Silver NPs C. zeylanicum Silver 

nitrate

60–80 nm Shape of the 

majority of NPs

428 −23.07 mV Effect on polycystic ovarian syndrome
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The mixture was left for 24 hours at a 35°C temperature. The colour of the mixture changed to deep brown, indicating the 
formation of AgNps. UV-vis spectroscopy revealed an SPR absorption peak at 420 nm, confirming the formation of the 
AgNPs. TEM imaging revealed spherical AgNPs that have a homogenous distribution without aggregation. The average 
size of the NPs was 5.47 to 9.48 nm.58 EDX confirmed that the major element of the mixture was silver, and the 
fabrication of AgNPs had a percentage of 57.3%. DLS recorded an average size of AgNPs to be 29.5 nm, which was 
attributed to the high sensitivity of the DLS, which recorded the size of the substances that are absorbed on the NPs 
surfaces, such as attached stabilizers, hence giving a higher registered number than the TEM. FTIR analysis of the 
AgNPs revealed a new band corresponding to binding vibrations of the amide I band protein with N-H stretching. New 
bands also appeared that correspond to binding OH to the AgNPs. FTIR analysis confirmed that the main component in 
reducing, stabilizing and capping the AgNPS was the callus extract of C. camphora. XRD analysis revealed peaks at 
38.3°, 45.52°, 64.44° and 77.54°, with corresponding planes that are indexed at (111), (200), (220) and (311), 
respectively, which represent planes of silver cubic face-centered (fcc) crystalline form (JCPDS No 87–0720).58

Fatima et al59 successfully synthesized AgNPs using C. cassia leaf extract. The Cinnamomum bark was obtained and 
ground. A 25g powder was added to 100 mL of water and then filtered using the Whatman No.1 filter to become the 
Extract utilised in the experiment. Ten millilitres of the Extract was added to 90 mL of AgNO3 (1 mm), and the mixture 
was left at room temperature for 5 hours. The colour changed to dark brown, indicating the silver nanoparticle synthesis. 
UB-vis spectroscopy revealed a peak at 410 nm. SEM imaging revealed spherical nanoparticles with an average size of 
42 nm, and sizes ranged from 25 to 55 nm. FTIR analysis of the AgNPs was compared to the Extract, and minor changes 
were observed, confirming that the Extract was responsible for reducing the silver ions.59

Alwan and Al-Saeed60 synthesized AgNPs by utilizing C. zeylanicum extract. Twenty grams of C. zeylanicum powder 
was added to 100 mL of 80% hydro-methanol (water:methanol, 20:80 v/v). The extract was filtered and dried. Under 
ultrasound conditions, 5 mL of the extract was added gradually to 200 mL of 1mM AgNO3. The mixture was stirred for 
20 minutes and stored in a dark room for 72 hours. The colour of the mixture changed to yellow after 20 minutes, reddish 
brown after 1 hour, brown after 24 hours, and dark brown after 72 hours. The colour change was assumed to be due to the 
shift in the formation of the AgNPs. The mixtures were then centrifuged at 10,000 rpm for 10 minutes. The precipitance 
was washed five times to be cleansed from impurities. A UV spectroscopy showed a peak around 428 nm and a small 
redshift. SEM images showed smooth, spherical particles with different sizes ranging from 60 to 80 nm. FTIR spectrum 
of the AgNPs showed strong absorption bands corresponding to the hydroxy group (O-H) of phenols and alcohols, 
carbon hydroxyl (C-H) of alkane, and aldehyde carbonyl (C=O) and (C-H) of alkenes, C-X from alkyl halides and 
C-N-C from amines. These all confirmed the presence of functional groups in the newly synthesized AgNPs. The AgNPs 
had an average zeta potential of −23.07 mV. XRD analysis showed diffraction peaks at 2θ values 36.4°, 43.5°, 54.3°, 
75.1° for AgNPs, which corresponded to 111, 200, 220 and 311 planes of silver.60

Biological Applications
Yadav and Kuharana56 assessed their formed AgNPs for their ability as a catalyst in the synthesis of pyranopyrazole 
derivatives. These compounds are known for their fungicidal, bactericidal and herbicidal properties.72 When AgNPs were 
used as catalysts, they yielded 88–92% of pyranopyrazole derivatives. A lower molar concentration of AgNPs led to 
a lower yield. However, higher molar concentrations did not significantly improve the yield or reaction time. The 
catalytic role of AgNPs was confirmed by repeating the same reaction without the AgNPs, and the reaction was 
incomplete after 8 hours and only yielded 25% of the pyranopyrazole derivatives. The AgNPs were then tested for 
their reusability as catalysts. The recycled NPs effectively yielded pyranopyrazole derivatives for four recycles, after 
which a drop in yield was observed.56

Premkumar et al11 tested their synthesised AgNPs for antimicrobial activity against S. aureus, B. cereus, E. coli and 
P. aeruginosa. They found the antimicrobial activity increased as the AgNPs concentration increased. The AgNPs were 
mainly effective against E. coli and P. aeruginosa. The effect was less robust on B. cereus and S. aureus.

Aref and Salem58 assessed their AgNPs antibacterial activity against different gram-positive bacteria (S. aureus and 
B. subtilis) and gram-negative bacteria (E. coli and P. aeruginosa). The AgNPs were more effective against gram-positive 
than gram-negative. A lower dose of 10 μg/mL exhibited a Minimum inhibitory concentration (MIC) against gram- 
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positive bacteria equal to a 20 μg/mL AgNPs’ MIC against gram-negative bacteria. An inhibition mechanism proposed 
was through the attachment of the AgNPs to the bacterial membrane that damaged the selective permeability, resulting in 
a leakage of its cellular constituents. Also, the AgNPs were to inhibit the ATP production required for the vitality of the 
bacterial cell. Electrostatic attractions between the negative bacterial cell surface and the positive AgNPs charge resulted 
in cytoplasmic shrinkage, membrane detachment and cell rupture.58

Fatima et al59 tested their AgNPs’ for antiviral activity against influenza virus H7N3. Five different concentrations of 
the Cinnamomum-based NPs were used (1, 10, 50, 100, and 200 μg/mL). The Cinnamomum antiviral effect was tested as 
well with five concentrations (31.25, 62.5, 125, 250, and 500 μg/mL). Two exposures were tested, (pre-penetration 
exposure) and (post-penetration exposure). Pre-penetration exposure is tested when the influenza virus is incubated with 
Cinnamomum and its NPs before it enters the cell. Post-penetration exposure is when the cell is treated with the 
Cinnamomum and its NPs after the virus infects the cell. Cinnamomum bark was more efficient as an antiviral in pre- 
exposure penetration than post-exposure. At higher concentrations of the Cinnamomum bark (250, 500μg/mL), there was 
no noticeable difference in the antiviral activity. At lower concentrations (31.250, 31.25, 62.5, and 125 μg/mL), there was 
significant antiviral activity at pre-exposure penetration. As for the NPs, there was no significant antiviral activity at 
lower concentrations (1, 10 μg/m) when the NPs were introduced to the cell after antiviral infection (post-penetration 
exposure). However, the low concentrations were significantly antiviral when incubated with the NPs before infection 
(pre-penetration exposure).59 At higher concentrations (50, 100, and 200 μg/mL), there was statistically significant 
antiviral activity in both pre-penetration and post-penetration exposures, with higher efficacy in pre-penetration.59

Alwan and Al-Saeed60 assessed their biosynthesized AgNPs using C. zeylanicum leaf extract to restore the hormonal 
imbalance of rats with Estradiol Valerate (EV) induced Polycystic Ovarian Syndrome (PCOS). The serum levels of follicle- 
stimulating hormone (FSH), Luteinising Hormone (LH), Estradiol (E2), Progesterone (PROG) and testosterone (TEST) 
levels were assessed in different groups of mice. The hormone levels were assessed in a control group (G1), EV-induced 
PCOS group (G2), EV-induced PCOS treated with metformin (G3), EV-induced PCOS treated with methanolic bark extract 
of C. zeylanicum (G4) and EV-induced PCOS treated with the biosynthesized AgNPs (G5). The AgNPs were shown to 
effectively regulate and restore the levels of all of the five hormones contributing to the PCOS.60 It was also proven that the 
NPs successfully restored the estrus cycle of the affected mice. It was proposed that the cytotoxic effect of accumulated NPs 
targeted the polycysts via apoptosis.60,73,74 Seventy-five percent of the rats in the PCOS were infertile; however, the groups 
treated with the CZ extract, metformin and AgNPs had a 100% restoration in their fertility rate.60

Cinnamomum-Based Gold Nanoparticles
Gold nanoparticles (AuNPs) have been studied extensively in the medical field due to their lack of harmful response in 
organisms. Gold particles can be specifically engineered to perform various functions, such as treating malignancies and 
bacterial infections. The natural inertness of gold, combined with the degree to which it can be engineered into 
nanoparticles, promises the ability to tailor therapies with fewer side effects.

Furthermore, many naturally occurring and abundant plants can be used in the synthesis process.75 The synthesis of 
these gold-based nanoparticles is simple while maintaining a low ecological footprint. The subject of this review, 
different types of Cinnamomum have been studied in the synthesis of AuNPs, such as Cinnamomum zeylanicum, 
Cinnamomum tamala, Cinnamomum cassia, and Cinnamomum camphora were reported to synthesize such particles. 
The size and shape of the NPs produced are two main points that must be considered during the synthesis process as they 
determine their properties, such as catalytic productivity as well as their physical, thermal and optical properties.17,75 

Table 2 summarises the experiments discussed in this section.

Synthesis and Characterization of Cinnamomum-Based Gold Nanoparticles
Naik et al17 reported a green synthesis method to develop Au/TiO2 NPs from C. tamala leaves. Similar to C. zeylanicum, 
the solution produced acted as a reductant. This method is accountable for reducing Au3+ to Au0. Naik et al17 prepared 5g 
of C. tamala leaves, which were finely cut and mixed with 100 mL of distilled water. This mixture was left to boil for 
60 minutes at 60 °C. Later, the broth was extracted by filtration after cooling down the boiled mix to room temperature. 
AuNPs were prepared by mixing 20 mL of distilled water with 1g of P-25 TiO2 in a beaker and stirring for 30 minutes. 
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Table 2 Summary of the Literature on Greenly Synthesized Gold Nanoparticles Using Cinnamomum-Based Extract. Information About the Cinnamomum Species, Metal Solution 
Utilised, the Average Size of the Synthesized Nanoparticle, Shape, Absorption Peak, Zeta Potential and the Application Tested are Found Here

Author/s Type of NP 
Synthesized

Type of 
Cinnamomum

Metal Solution Average/Range of 
Size of NP

The Shape 
of Most NPs

UV Spectroscopy Absorption 
peak

Zeta 
Potential

Application Tested

Naik et al17 Gold NPs C. tamala HAuCl4 8–20 nm Spherical − 500 to 600 nm 

− 200 to 340 nm for TiO2

Not reported Photocatalytic activity

ElMitwalli et al63 Gold NPs C. bark HAuCl4 powder - Sample A: 35 nm 

- Sample B: 5 nm 

- Sample C: 26 nm

Spherical 535 nm Not reported Fluorescence activity

Goyal et al64 Gold NPs Cinnamon bark Hydrogen 

tetrachloroaurate 
(III) hydrate 

(HAuCl4.3H2O)

- Spherical: 13 to 20 

nm 
- Spherical 

anisotropic: 20 nm 

- Triangular and 
hexagonal 

anisotropic: 40 nm

Triangular, 

hexagonal and 
spherical

− 522 nm 

− An additional weak intensity band 
at 390 nm

Not reported Antibacterial activity 

against E. coli and 
P. aeruginosa

Ling et al65 Gold NPs C. verum HAuCl4 Diameter: 30 nm to 

50 nm

Spherical Peak at 525 nm to 540 nm Not reported Effect on Parkinson- 

like neurodegeneration

Huang et al66 Gold NPs C. camphor HAuCl4 - Nanotriangles: 80 

nm 
- Spherical at 0.5g 

biomass: 23.4 nm 

- Spherical at 
0.1g biomass: 

21.5 nm

Nanotriangle 

and spherical

− 0.1g of biomass: 570 nm after 

2 min then becomes 1000 nm after 
60 min 

− 0.5g of biomass: 570 nm after 

2 mins then becomes 530 nm after 
60 minutes

Not reported No application tested
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The chloroauric acid (HAuCl4) solution of concentration 10–3 M was added by a dropper. The solution was continuously 
stirred for 4 hours. Next, C. tamala extract was added until reduction occurred. Naik et al17 characterised the Au/TiO2 
NPs produced using XRD, UV-vis diffuse reflectance, FTIR and TEM studies. C. tamala leaf extract produced particles 
that average around 8–20 nm in size and were spherical, which was identified via TEM and FESEM analysis. FESEM 
analysis indicated the deposition of AuNPs on the surface of TiO2. As for XRD studies, there were ”no peak shifts of Au/ 
TiO2 NPs observed, which demonstrates that ”the TiO2 matrix was maintained as the anatase phase”.17 Moreover, DRS 
UV-vis studies showed that the SPR absorption peak occurred at the spectrum’s visible region, indicating the photolytic 
activity of AuNPs. FTIR analysis also shows peaks of various samples of Au/TiO2. This study shows the stretching and 
bending of various bonds found in Au/TiO2.17

ElMitwalli et al63 reported using cinnamon bark extract to synthesize gold nanoparticles and examining its ability to 
fluorescence quenching of eosin Y dye. The AuNPs are prepared as follows. The cinnamon bark was washed, dried, and 
ground into a fine powder. A 2.5g of cinnamon bark powder was mixed with 100 mL of double-distilled water, boiled for 
5 minutes, and filtered twice. A 1mM of HAuCl4 solution was prepared. Different volumes of cinnamon extract were 
added for each 4mL sample of HAuCl4. Each sample was then heated in the microwave oven at 1000 W for 15 seconds. 
A colour change from light yellow to purple-red observed indicates nanoparticle formation.

The NPs produced from Cinnamon were characterised using UV-vis spectroscopy and TEM. The UV-vis analysis 
showed an SPR absorption peak at 535 nm, indicating the formation of spherical nanoparticles. Absorbance also 
increases as the amount of cinnamon extract added increases. The shift suggests an increase in size, and the high 
absorbance indicates they produce more nanoparticles due to a more reducing agent. TEM images show spherical 
nanoparticles with size. A stock solution of eosin in ethanol was prepared for the quenching. In addition, an albumin 
stock solution was A with 4mL of eosin stock solution, and sample C was sample B with 50 μL of albumin stock. The 
AuNPs in sample A had an average size of 35 nm. In sample B, the particles were decreased to 5 nm. Meanwhile, in 
sample C, the nanoparticles were about 26 nm.63

Goyal et al64 have reported the green synthesis of anisotropic AuNPs with cinnamon bark. The process involves the 
production of an aqueous cinnamon extract solution that acts as a reducing and stabilizing agent when added to hydrogen 
tetrachloroaurate (III) due to the presence of trans-cinnamaldehyde in Cinnamon. The solution is formed by immersing 
10g of Cinnamon in 100 mL of deionized water for approximately 24 hrs, creating a dark brown mixture, which is then 
filtered and stored at room temperature. While continuously stirring, this solution is added to 1mM of HAuCl4.3H2O 
aqueous solution to synthesize AuNPs. The solution changes from a transparent red wine colour to a red wine, signifying 
the formation of AuNPs. Goyal et al64 characterized the nanoparticles produced from Cinnamon using UV-vis spectro
scopy, XRD, FTIR and TEM. The UV-vis analysis showed SPR absorption peaks at 522 nm, indicating the formation of 
spherical nanoparticles.

On the other hand, the two peaks at 390 nm and 540 nm indicate the formation of anisotropic nanoparticles. XRD 
determined the crystalline phase and size of the nanoparticles. The average crystalline size of spherical NPs was 
determined to be 14 nm. Furthermore, the size and shape were confirmed by TEM and found to be in the range of 13 
nm to 20 nm with an average size of 16 nm. The anisotropic NPs are a mixture of different morphological structures. 
Spherical anisotropic is 20 nm on average. Triangular and hexagonal anisotropic NPs are 40 nm in size. Additionally, the 
FTIR study portrayed multiple peaks at 3392, 2121, 1680, 1386, 1227 and 1076 cm−1, indicating spherical NPs. 
Anisotropic NPs had bands at 3323, 2922, 1634, 1432, 1255 and 1075 cm−1. Each peak represents a band. It suggests 
the effects of the phytochemicals found in Cinnamon on reduction and stabilization during AuNPs production.64

Ling et al65 report using C. verum to synthesize AuNPs as a treatment for Parkinson’s disease (PD) in mice models. 
They assessed its effects on 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP), which induced PD in mice models. 
The extract was prepared by adding 24g of C. verum leaves to 30 mL of deionized water, and the mixture boiled for 
approximately 5 minutes. The extract was mixed in 30 mL of HAuCl4 solution, and the reaction was noted when 
a change in colour occurred from pale yellow to purple. They further characterized AuNPs through UV-vis spectroscopy 
and TEM analysis. UV-vis indicated the plasmon peak at 525 to 540 nm. TEM analysis showed that the diameter of most 
NPs formed ranged between 40 and 50 nm.65
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Huang et al66 biosynthesized AuNPs using C. camphora leaves. These leaves were turned into a powder form of 
biomass and mixed with 50 mL of 1mM of HAuCl4 solution. The solution was mixed at 150 rpm until the reaction was 
complete.66 A change in colour from pale yellow to ruby red was observed, indicating the formation of AuNPs. Different 
amounts of biomass were assessed using UV-Vis, TEM and XDR. A mixture of 0.1g biomass and HAuCl4 had an SPR 
peak at 570 nm after 2 minutes of the reaction, a peak at 1000 nm after 60 minutes, and increased intensity.

On the other hand, biomass of 0.5g shows a band at 570 nm after 2 mins and a band at 530 nm after 60 mins. On 
TEM, it was evident that an increase in the amount of dried powder changed the shape of NPs formed from nanotriangles 
to spheres. The characterization of the AuNPs on XDR suggested they were crystalline.66

Medical/Biological Application of Cinnamon-based Gold Nanoparticles
Ling et al65 explore the effects of AuNPs synthesized from C. verum on neurodegeneration which was induced in mice 
models by MPTP to mimic Parkinson’s disease (PD). The mice were divided into control, MPTP administered, MPTP 
with AuNPs (5mg/kg) and MPTP with AuNPs (10mg/kg). Multiple factors were assessed to evaluate the function 
improvement, including weight, motor impairment, motor function, motor coordination, inflammatory markers, levels of 
reactive oxygen species (ROS), superoxide dismutase (SOD) activity, myeloperoxidase (MPO) activity, activation of 
TLR/NF-kB and brain histology. It was revealed that AuNPs prevented weight loss in the mice that were induced with 
MPTP. Motor impairment was assessed through the pole climbing test. The change was seen as mice that were given 
MPTP only showed an increase in climbing time compared to the control.

Furthermore, there was a difference between the two doses of AuNPs administered: mice administered with 10mg/kg 
showed more improvement in pole climbing time than those administered with 5mg/kg. As for motor function, the grasp 
strength test was used, and it was found that mice treated with MPTP had a stronger grasp due to increased muscle 
rigidity caused by the compound. AuNPs decrease muscle rigidity, thus decreasing grasp strength to more normal levels. 
It was observed that 10mg/kg of AuNPs improved motor function by more than 5mg/kg. Additionally, motor coordina
tion was assessed through retention time, which was found through the rota-rod test. MPTP-treated mice had a reduced 
retention time, indicating negative effects on motor coordination. However, treatment with AuNPs showed increased 
retention time, indicating recovery.

Ling et al65 also found many effects of AuNPs administration in mice on immunity. They reported that the compound 
MPTP caused an increase in the expression of inflammatory markers such as Tumor necrosis factor alpha (TNF-alpha), 
Interleukin-1 beta (IL-1B) and Interleukin-6 (IL-6). AuNPs decreased the expression of these factors more when a higher 
dose of AuNPs was administered. In addition, they found an increased production of ROS, a decrease in the activity of 
SOD and an increase in MPO activity in mice administered with MPTP. However, the administration of AuNPs at higher 
doses caused a reduction in ROS production, an increase in the activity of SOD and a decrease in MPO activity, 
respectively.

Ling et al65 assessed the increase in the activation of Toll-like receptors (TLR) and NF-kB, which are a sign of 
inflammatory response occurring in the body using the Western blot method. MPTP mostly caused an increase in TLR2, 
TLR4 and NF-kB. The administration of AuNPs restored the changes induced by the MPTP. As for brain histology, 
MPTP-induced mice had alterations in the cells present. They had a decrease in the number of neural ganglions, an 
increase in glial cell lysis and necrotic damage of Purkinje neurons. The administration of a higher dose of AuNPs 
showed a decrease in changes in the integrity of the normal brain histology. There was less lysis of glial cells as well as 
less prominent necrotic degeneration of Purkinje neurons.65

Cinnamomum-Based Magnetic Nanoparticles
Magnetic nanoparticles gathered are attractive due to their properties that differ from their bulk materials and their 
importance in making new devices and materials with new properties.13,76 They are crucial in making magnetic storage 
devices, magnetic beads that are used in biotechnology, contrast enhancement in magnetic resonance imaging (MRI), 
targeted drug delivery and ferrofluids.13,77 The magnetic nanoparticles that are based on green synthesis have been 
utilised in semiconductors,78 catalysts,13,79 optics13,80 and medicine.81
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Iron nanoparticles (FeNPs) gained importance in the industrial sites, textile82 and plastic industries with coatings 
made of nanofibre and nanowire.13 It is also used in tissue repair,83 drug delivery,84 biological fluids detoxification,85,86 

hyperthermia,85 and cell separation by immunoassay.85 In addition, iron nanoparticles have an antibacterial effect, 
making them unique from other metal nanoparticles.87 The magnetic aspect of iron nanoparticles has a beneficial impact 
on drug delivery to targeted cancer cells.85 Table 3 summarises the experiment work discussed in this section.

Synthesis and Characterization
Sivakami et al13 Successfully synthesized FeNPs using C. verum as a reducing and stabilizing agent. C. verum barks 
were washed three times with deionized water. It was then left for three weeks at room temperature to dehydrate. Five 
grams of C. verum were added to 100 mL of distilled water and heated at 70°C for 20 min. It was then left to cool at 
room temperature. The solution was then filtered by Whatman No.1 paper to be the Cinnamomum extract (CES) utilised 
in the experiment, and the Extract was cooled at 4°C for later use. The CES extract solution was added to 0.01 M of iron 
chloride (FeCl3) by a burette dropwise to obtain a solution in 1:1 proportion with the Extract. The reaction mixture turned 
black immediately, indicating the reduction of Fe+ to Fe0 and the formation of the iron nanoparticles. The reaction 
mixture was centrifuged at 10,000 rpm for 15 min after 24h. Deionized water and ethanol were used to wash and purify 
the black pellet formed and left to dehydrate at 60°C in a hot air oven to remove any residual impurities or moisture. The 
nanoparticle powder was placed in a dry, dark place for further analysis. A UV-vis spectroscopy assessed the newly 
formed iron nanoparticles, which revealed an SPR peak at 288 nm. XRD analysis suggested that the FeNPs were 
amorphous as the pattern was deficient at specific diffraction peaks. A characteristic peak of iron NPs was observed at 
32.23°. Another peak observed at 22° was attributed to the organic material from the Extract that contributed to the 
stabilization of the nanoparticles. The average size of the crystallite was 36mm, calculated using Scherer’s formula. The 
XDR analysis was similar to the iron nanoparticles synthesized by Kumar et al88 using Terminalia chebula extract. FTIR 
analysis revealed peaks that correspond to stretching vibrations of hydroxyl groups (C–H and C–OH) and carbonyl 
groups (C=O) intimidating aromatic hydrocarbon groups (C=C). The NPs FTIR spectrum showed a slight variation from 
the original Cinnamon verum extracts. HR-TEM analysis showed circular and spherical-shaped NPs of the iron NPs in 
detail. Their average size is estimated to be 20–50 nm. No agglomeration of NPs was observed. EDX analysis confirmed 
the presence of Fe in the NPs. The phytochemical analysis confirmed the presence of Polyphenols, Alkaloids, tannins, 
Steroids, Terpenoids, and glycosides that contributed to the reduction process. The analysis also revealed a high 
concentration of antioxidant agents in the C. verum bark, which can potentially be exploited in future biomedical 
applications of the FeNPs.13

Biological Application
Sivakami et al13 tested their newly synthesized FeNPs’ antibacterial activity against E. coli, K. pneumonia, S. aureus and 
Bacillus subtilis by disc diffusion. The diameter of the inhibition zone was 25 mm with K. pneumonia, 20 mm with 
S. aureus, 19 mm with Bacillus subtilis and 18 mm with E. coli. It was concluded that the biosynthesized iron NPs had 
better antibacterial properties than the standard. It was proposed that reactive oxygen species bound, penetrated and 
perforated the bacteria’s cell membrane, leading to cell wall damage and damaging the interior cell components. The 
synthesized iron nanoparticles’ anti-inflammatory activity was tested and was shown to be more effective than 
Diclofenac sodium. The iron nanoparticles have also shown a better effect than acarbose when tested for their 
antidiabetic assay.

Cinnamomum-Based Copper Nanoparticles
Copper nanoparticles (CuNPs) are cost-effective and have various properties, including thermal and electric conduc
tivity, plasmonic resonance, and photocatalytic behaviour. Its nonmagnetic nature is phenomenal in electronics, 
electromagnetic interference shielding, metallurgy, heat sinks, military equipment, and medical applications.18,89 

Biosynthesis of CuNPs can be achieved by using different plants and their extracts; however, the weak reductive 
abilities of plant extracts still prevent their wide usage.18 In 2020, the importance of CuNPs increased as it was found 
that the coronavirus has a short maximum time of viability on copper surfaces. Synthesizing stable CuNPs with 
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Table 3 Summary of the Literature on Different Types of Metallic Nanoparticles That are Greenly Synthesized Using Cinnamomum-Based Extract. Information About the Cinnamomum 
Species Utilised, the Metal Solution Utilised, the Average Size of the Synthesized Nanoparticle, Shape, Absorption Peak, Zeta Potential and the Application Tested are Found Here

Author/s Type of 
Nanoparticle 
Synthesized

Cinnamomum 
species

Metal Solution Average/ 
range of size 
of NP

Shape of the 
majority of 
NPs

UV spectroscopy 
Absorption peak

Zeta 
potential

Application tested

Sivakami et al13 Magnetic NPs C. verum Iron chloride 20–50 nm Spherical 288 nm Not 
reported

Antibacterial activity against S. Aureus and 
E. coli

Sarwar et al18 Copper NPs C. lauraceae Copper nitrate Not reported Spherical 570–620 Not 
reported

Catalytic activity

Alghuthaymi 
et al47

Selenium NPs C. zeylanicum Sodium selenite Average  
(23.3 nm) 

Range  

(6.8–58.2 nm)

Spherical Not reported −28.6 mV Antibacterial activity against S. typhimurium, 
E. coli, S. aureus and L. monocytogenes.

Kamran et al68 Manganese NPs C. verum Manganese (II) 

acetate 
tetrahydrate

50–100 nm spherical Not reported Not 

reported

Antimicrobial activity against E. coli

Maheswari 
et al71

Titanium oxide NP C. verum Titanium dioxide 
powder

10.5 nm spherical UV spectroscopy 
Absorption peak

Not 
reported

Anticancer cell activity against oral cancer 
cell line
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disinfectant features on textiles with no toxic reagents can help fight the COVID-19 pandemic.18,90 Table 3 summarises 
the experiments discussed in this section.

Synthesis and Characterization
Sarwar et al18 successfully synthesized copper oxide nanoparticles (CuONPs) by utilizing Cinnamomum lauraceae 
extract as a reducing and stabilizing agent. C. lauraceae leaves were obtained from the local store, washed with distilled 
water, let dry, and ground into a fine powder.18 Ten grams of the ground powder were added to a 100 mL water flask and 
boiled for 40 minutes. The solution was then double-filtered using Whatman filter paper No.1 to become the 
Cinnamomum extract (CES) utilised in the experiment. Three millilitres of the CES and 30 mL of 0.1 mm copper nitrate 
were added to a glass beaker. The solution mixture was divided into three samples (10 mL each), and the pH was set to 
3.7 and 11, respectively, using ammonia water. The samples were then heated at 90°C with continuous stirring at 700 
RPM and observed visually for any colour change. The samples were assessed by UV-Vis spectroscopy and revealed 
a maximum absorption peak at 570–620 nm of wavelength. Furthermore, to find the optimum volume of CES to produce 
copper NPs, different amounts (1,2,3,4 and 5 mL) of the CES were added to 0.1 mm copper salt solution (keeping to 
10mL total volume) using the optimized pH 11. UV-visible absorption spectrum was then used to assess the solutions and 
the optimized CES quantity was determined to be 4 mL as it had the highest absorption and the most distinct peak. 
Different concentrations of citric acid were added to the reaction medium (with 4mL of CES, pH11) with 1–5% of the 
total volume. The UV-Vis spectrum showed sharp peaks, and the amount of citric acid increased until the solution 
acquired the standard brick-red colour of CuONPs. Field emission scanning electron microscopy (FESEM) was used to 
examine the surface morphology of the CuONPs. FESEM showed a uniform spherical shape, and the texture of the 
surface was consistent. At the same time, the CuONPs without citric acid had a non-uniform shape and an uneven hirsute 
surface texture. The EDX spectrum showed retention of the most substantial copper peaks at 1.00 KeV and 8.00 KeV, 
which supports the presence of the copper with 84.77% weight composition.18 XRD analysis reveals strong peaks at 
43.4°, 50.6°, and 74.2°, which corresponded to the (111), (200) and (220) planes of copper, respectively, with a slight 
deviation from the standard JCPDS. No. 01–085-1326 of copper. This slight deviation is due to surface capping and 
particle size distribution while the small peak at 39.05° might be due to slight surface oxidation. FTIR spectroscopy 
revealed strong bands corresponding to vibrations of the -C-O of primary alcohols in eugenol and -OH, -C=O and -C=C 
groups present in the Extract’s metabolites confirmed to be responsible for the capping of the NPs after their synthesis. 
The presence of citric acid indicated better capping by showing a sharper peak for -C=O and -C=C.

Biological Application
Sarwar et al18 tested the antimicrobial activity of the biosynthesized CuONPs (with and without mediation with citric 
acid) with S. Aureus and E. Coli bacterium using disc diffusion. The control sample had no inhibition zone, while 
CuONP samples, with and without mediation with citric acid, were shown to be effective against the bacteria mentioned 
above. However, citric acid-mediated CuNPs showed better antibacterial activity with their larger inhibition zone. The 
improved activity is due to an increased surface/volume ratio when citric acid is added. Citric acid also has antimicrobial 
activity, which was proposed to have caused a higher antibacterial effect. Sarwar et al18 also reported the effectiveness of 
their NPs in degrading dyes in a non-toxic technique.

Cinnamomum-Based Selenium Nanoparticles
Selenium nanoparticles (SeNPs) are known to have low toxicity and high biocompatibility, making them the centre of 
research for their application in therapeutics and theragnostic agents.91 SeNPs are also known for their antimicrobial and 
antiviral activity.92,93 SeNPs can be utilised in encapsulated drugs or carriers to reach and kill cancer cells.94 SeNPs can 
also suppress cancer growth by acting as immunomodulatory agents, acting on the tumor-associated macrophages and 
sending activation signals to specific T cells.95,96 SeNPs are known to have anti-oxidative and anti-inflammatory activity, 
allowing them to be applied to medical disorders such as arthritis, diabetes and nephropathy.97 SeNPs can control the 
production of cytokines to activate innate immunity, eventually exhibiting antimicrobial activity.98 Table 3 summarises 
the experiments discussed in this section.
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Synthesis and Characterization
Alghuthaymi et al47 successfully photosynthesized SeNPs using Cinnamomum zeylanicum as a reducing agent. In the 
experiment, C. zeylanicum barks were obtained, powdered, and immersed in 10-fold (w/v) from 70% ethanol for a period 
of 15 hours. The extract solution was then filtered out of the bark residues. A 10 mm of sodium selenite (Na2SeO3) was 
prepared and added to equal volumes of CIE aqua solutions to have a total concentration of 0.5%, 1.0%, and 1.5%. The 
solutions were stirred for 6 hours at a 25°C temperature. The colour of the solutions changed to brownish orange, 
indicating the formation of SeNPs. The optimal concentration of the CE aqua solution for synthesising SeNPs was 1%, as 
observed from the colour deepness.47 The SeNPs were characterized by TEM, which revealed the presence of spherically 
shaped NPs with no aggregation. The size range of the NPs was 6.8 to 58.2 nm, with an average mean diameter of 23.3 
nm. Little CIE particles were also observed in combination with the synthesized SeNPs, the same was observed in other 
research papers.99 FTIR assessment of the synthesized SeNPs to identify the biomolecules responsible for reducing and 
capping the selenium ions. The observed peaks were denoted to carbonyl groups and another O-H stretching group of 
alcohols and phenols. The involvement of the C=O bond in the cinnamon aldehyde in the SeNP was also observed in the 
FTIR. The zeta potential of SeNPs was −28.6 mV, indicating stable NPs.

Biological Applications
Alghuthaymi et al47 studied the antibacterial activity of the synthesized SeNPs against S. typhimurium, E. coli, S. aureus 
and L. monocytogenes. The highest sensitivity to SeNPs was S. typhimurium. The effects of SeNPs on S. typhimurium 
and E. coli were analysed by SEM at 0, 5 and 10 hours of exposure. At 0 hours, healthy, normal, smooth bacteria and 
contracted cell walls were observed. This sample served as the control. After 5 hours of exposure, apparent morpholo
gical changes were observed; a puffy bacterial cell wall appearance was observed, with many NPs entering the bacterial 
cell after attaching to and disturbing its cell membrane. Many other bacterial cells were lysed at 5 hours, and the general 
viability of the remaining bacterial cells decreased. At 10 hours, almost all bacterial cells were lysed. It was proposed that 
the smaller the size of the SeNPs and their spherical shape, the higher their antibacterial activity since a higher 
concentration of SeNPs can infiltrate the bacterial cell wall and halt its biological activities. SeNPs exhibit inhibitory 
activity against gram + bacteria, including Proteus sp and Serratia sp, which was attributed to lesser surface charges of 
the SeNPs.47,100 TEM and SEM imaging of S. aureus treated with SeNP have shown their cells shrank, deformed and 
damaged.47,101 The exact mechanism by which SeNP act as an antimicrobial is still unknown.

Cinnamomum-Based Manganese Nanoparticles
Synthesis and Characterization
Kamran et al68 successfully synthesized Manganese nanoparticles (MnNPs) using C. verum bark as a capping and 
a reducing agent. Dried C. verum bark was ground and sieved in a 300 mm size siever. Ten grams of the powder was 
added to 500 mL of distilled water. The mixture was heated at 70°C, stirred continuously for two hours and used as an 
extract in the experiment. Twelve grams of manganese (II) acetate tetrahydrate [Mn(CH₃CO2)2] was added to 9g of 
sodium alginate (C6H9NaO7) and 8g of C. verum powder, and the mixture was stirred until homogenous solution was 
achieved. Four hundred millilitres of the Extract was added to the homogenous mixtures and was sonicated at 60°C for 
7 hs. A colour change was observed from light brown to dark brown. The mixture was centrifuged at 4000 rpm for 
15 min. The sample was then washed with distilled water and methanol and dried in an oven at 70°C for 3 hs. SEM 
images confirmed the presence of spherical NPs with different sizes and a tendency to aggregate. TEM imaging 
determined the size range of 50 to 100 nm. XRD analysis revealed the peaks 28.33°, 40.53° and 50.01° at 2θ that are 
indexed as face-centred cubic. FTIR analysis of the synthesized MNPs after dye degradation revealed peaks indicating 
stretching vibration of a hydroxyl group, C-O bond and an Mn-O bond. Table 3 summarises the experiments discussed in 
this section.

Biological Applications
Kamran et al68 tested the antimicrobial activity of their MNPs. Significant antimicrobial activity was recorded. For 
E. coli, the zones of inhibition were 16 ± 0.5,18 ± 0.6, 20 ± 0.45 and 22 ± 0.25 (mm) at 0.4, 0.6, 0.8 and 1mg/mL of 
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MnNP concentrations, respectively. For S. aureus, the zones of inhibition were 18 ± 0.7, 20 ± 0.35, 23 ± 0.25 and 24.5 ± 
0.55 (mm) for 0.4, 0.6, 0.8 and 1 mg/mL of MnNP concentrations, respectively. MnNPns had zones of inhibition 
comparable to Streptomycin (standard antibiotic).

Cinnamomum-Based Titanium Dioxide Nanoparticles
Titanium oxide NPs (TiO2NPs) have been in the spotlight of research due to their unique exhibit of excellent antibacterial 
and anticancer properties.102,103 These properties were mainly mediated by ROS.102,103 TiO2NPs are also known for their 
excellent photocatalytic activity.104 Table 3 summarises the experiments discussed in this section.

Synthesis and Characteristics
Maheswari et al71 successfully reported the synthesis of TiO2NPs using C. verum extract. The Cinnamomum was washed 
with deionised water three times, and then 10g of C. verum was crushed and mixed with 100 mL of deionised water and 
heated for 30 minutes at 60°C. The solution was then filtered using a Whatman filter and stored at 4 °C for further use. 
Twenty millilitres of deionised water was mixed with 0.2 g Titanium dioxide powder, then 4 mL of Cinnamon extract 
was added to the mixture and stirred at room temperature for two hours, then centrifuged and dried in the oven at 100°C. 
The solution was assessed by UV spectroscopy and revealed an SPR absorption peak at 330 nm, which was slightly red- 
shifted than the pure TiO2 due to the chemisorption of Cinnamon molecules on the surface of TiO2. TEM and HRTEM 
analysis showed the TiO2NPs to be spherical and have an average particle size of 10.5 nm. The presence of biomolecules 
and changes in pH and ionic strength can disturb the delicate balance and allow NPs to form large aggregates in such 
complex biological fluids. HRTEM images showed crystalline fringes, indicating the great crystalline nature of the TiO2 

samples. XRD analysis revealed peaks at 25.3°, 37.8°, 48°, 54.7°, 63°, 7° w with corresponding planes that are indexed at 
(101), (004), (200), (105), (204), (220) and (215), respectively, which is constant with JCPDS file No: 21–1272 of 
anatase TiO2. FTIR spectroscopy showed peaks corresponding to cineole and cinnamaldehyde (the main components of 
Cinnamon). A slight variation between the peak of the TiO2NPs and the Cinnamon confirmed a reaction between them.

Biological Applications
Maheswari et al71 measured the anticancer effect using five different concentrations of TiO2NPs against the KB oral 
cancer cell line. It was noted that the Cinnamon modified TiO2NPs had much better anticancerous activities when 
compared to the pure sample. As the concentration of the NPs increased, the anticancer activity increased. This was 
attributed to the increased number of NPs penetrating the cells, producing more superoxide radicals, which damage the 
cancer cells.71,105 The cinnamaldehyde in Cinnamon is also proposed to cause cancer cell damage.71,106 The antibacterial 
properties of the pure and Cinnamon modified TiO2NPs were tested using the zone of inhibition method against Gram- 
positive and Gram-negative bacteria.71 The Cinnamomum modified TiO2NPs showed no antibacterial activity against any 
bacterial strain, but the pure TiO2NPs had some antibacterial activity against Gram-positive bacteria.71

Discussion of Literature Review Findings
The synthesis of MNPs can be achieved through various approaches, many of which involve chemical and physical 
methods that are costly and environmentally hazardous. Green synthesis methods, in contrast, are eco-friendly, cost- 
effective, and straightforward. Among these, Cinnamomum-based synthesis has emerged as a particularly effective and 
reliable method. The reviewed studies primarily focus on silver nanoparticles (AgNPs), followed by gold nanoparticles 
(AuNPs), and, to a lesser extent, other metallic nanoparticles such as copper, selenium, manganese, and titanium oxide.

With regard to the reported nanoparticle size, AgNP sizes ranged broadly from 5.47 nm to 80 nm, indicating 
a dependence on synthesis parameters like extract concentration, reaction temperature, and metal precursor concentra
tion. AgNP shapes are predominantly spherical, suggesting uniformity in the reduction process with Cinnamomum 
extracts. AuNP shapes exhibit greater variety, including spherical, triangular, and hexagonal, with sizes ranging from 5 
nm to 80 nm. Other metallic nanoparticles consistently demonstrate spherical shapes, with size ranges reflecting synthesis 
optimization for specific applications.
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AgNPs demonstrate UV-Vis absorption peaks primarily between 410 nm and 440 nm, consistent with their surface 
plasmon resonance (SPR) characteristics. AuNPs show broader peaks, ranging from 500 nm to 600 nm, corresponding to 
variations in size and shape. Peaks outside these ranges, particularly in studies involving anisotropic shapes, reflect the 
role of Cinnamomum extracts in modulating nanoparticle morphology. Zeta potential is reported inconsistently across 
studies. When mentioned (eg, −23.07 mV for silver and −28.6 mV for selenium nanoparticles), it indicates good stability 
due to the electrostatic repulsion between particles. This reflects the dual role of Cinnamomum extracts as both reducing 
and capping agents.

Health Aspects of Green Synthesis of Metal Nanoparticles Using Cinnamomum-Based 
Extract
The majority of studies demonstrate antibacterial activity against pathogens such as E. coli, S. aureus, P. aeruginosa, and 
B. subtilis, underscoring the potential for antimicrobial treatments. AgNPs are highly effective against gram-positive 
bacteria and have shown potential in restoring hormone levels and fertility in PCOS-induced mice.58–60 AuNPs show 
promise in treating Parkinson’s disease by improving motor function, motor coordination and decreasing muscle rigidity 
in mice with neurodegeneration.65 It has also shown anti-inflammatory activities by reducing inflammatory markers such 
as TNF-alpha, IL-1B and IL-6.65 Iron NPs exhibited excellent antibacterial properties, stronger anti-inflammatory 
activities than Diclofenac sodium and better antidiabetic effects than acarbose13. Copper, selenium, and manganese 
NPs exhibit strong antimicrobial effects, particularly against gram-positive bacteria.18,47,68 Lastly, titanium nanoparticles 
showed anticancer activity against KB oral cancer cells and antibacterial properties.71

Limitations of This Literature Review
This study faced several limitations. First, access restrictions to many original articles and reports due to paywalls limited 
the inclusion of potentially valuable studies. Another significant limitation was the variation in methodologies across the 
reviewed studies, as differences in extraction techniques, solvent choices, metal precursors, and synthesis conditions 
hindered direct comparisons and the ability to establish standardized conclusions. Furthermore, inconsistencies in 
nanoparticle characterization techniques, with different studies employing different methods such as SEM, TEM, 
XRD, and FTIR led to challenges in correlating synthesis methods with nanoparticle properties. Lastly, while the 
literature review explored the potential applications of Cinnamomum-derived nanoparticles, there is a lack of compre
hensive toxicological data and an emphasis on laboratory-scale synthesis, with a notable gap in understanding the 
nanoparticles’ cytotoxicity and environmental impact. Without rigorous toxicological evaluations, the potential risks 
associated with the use of these nanoparticles remain unclear.

Conclusion
The synthesis of metal nanoparticles using Cinnamomum-based extracts provides an eco-friendly, cost-effective alter
native to conventional chemical and physical methods. These extracts serve as natural reducing, capping, and stabilizing 
agents, enabling the formation of nanoparticles with properties comparable to those produced by traditional methods. The 
literature primarily focuses on silver and gold nanoparticles, with other metals like copper, selenium, manganese, and 
titanium oxide explored to a lesser extent.

Cinnamomum extracts are versatile agents capable of synthesizing nanoparticles with applications ranging from 
antimicrobial to catalytic and disease-specific treatments. While the spherical shape of nanoparticles indicates reliable 
stabilization, variations in size and UV-Vis absorption peaks suggest opportunities for further optimization. However, the 
lack of uniform zeta potential reporting and comprehensive toxicological profiles highlights the need for standardized 
methodologies and rigorous safety evaluations.

Furthermore, these nanoparticles exhibit a wide range of biological and medical applications, including antifungal, 
antiviral, and antibacterial activities, as well as therapeutic potential against diabetes, PCOS, and cancer. This review 
serves as a practical guide for researchers and practitioners interested in accessible, sustainable methods for synthesizing 
MNPs.
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Abbreviation
AgNPs, Silver nanoparticles; AuNPs, Gold nanoparticles; CuNPs, Copper nanoparticles; CuONPs, Copper oxide 
nanoparticles; DRS, Diffuse reflectance spectrometer; EDX, Energy-dispersive X-ray spectroscopy; FeNPs, Iron nano
particles; FESEM, Field emission scanning electron microscopy; FTIR, Fourier-transform infrared spectroscopy; 
HAuCl4, chloroauric acid; IL-1B, Interleukin-1 beta; IL-6, Interleukin-6; LSPR, Localised surface plasmon resonance; 
MnNPs, Manganese nanoparticles; MNPs, Metal nanoparticles; MPTP, 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine; 
MPO, myeloperoxidase; MRI, Magnetic resonance imaging; NP, Nanoparticle; PL, Photoluminescence; ROS, reactive 
oxygen species; SEM, Scanning electron microscopy; SeNPs, Selenium nanoparticles; SOD, superoxide dismutase; 
TEM, Transmission electron microscopy; TiO2NPs, Titanium oxide NPs; TNF-alpha, Tumor necrosis factor alpha; TLR, 
Toll-like receptor; UV, Ultraviolet-visible; XRD, X-ray diffractometry.
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