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Abstract

Cobalt nanoparticles (CoOONPs) have start out being a popular research subject. Previously manufactured using traditional physical and
chemical techniques, these nanoparticles frequently involve harmful chemicals, high energy consumption, and environmental hazards.
For this reason, worldwide efforts promote sustainable and environmentally conscious production processes. In this situation, green part
extracts gotten from plant are gaining appeal as a sensible alternative. This technique is popular since it has many benefits: free,
biocompatible, easy to scale up, and most importantly it eliminates the necessity of extra stabilizer during nanoparticulation. Phenols,
alkaloids, terpenoids, and tannins phytocompounds abundant naturally are crucial ingredients. The secret rests in their natural
constitution. These two-in-large-dose phytochemicals reducing agent and sealing agent are effective in converting cobalt precursors into
stable and practical nanoparticles. Utilizing extracts from various plant components roots, bark, and leaves, this thorough study
addresses recent developments and findings in the synthesis of cobalt oxide nanoparticles. Furthermore, researching their traits is vital
for studying nanoparticles including X-ray diffraction (XRD) and transmission electron microscopy (TEM), SEM, FTIR, EDS, UV-Vis
spectroscopy etc. with great equipment for establishing their form, size, and architecture. We also highlight the great advantages of cobalt
nanoparticles created from cobalt green in several applications. By investigating their part in antimicrobial activity, chemical sensitivity,
water pollution treatment, and photocatalytic environmental cleanup, this study hopes to provide a vivid picture.
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Introduction

The synthesis of nanomaterials has been a cornerstone of
modern science and technology, driving innovations across
medicine, energy, and electronics. Traditionally, these
materials were produced using conventional physical and
chemical methods, which, while effective, often rely on harsh,
energy-intensive processes. Techniques such as
hydrothermal synthesis, sol-gel, and co-precipitation
commonly utilize toxic precursors and reducing agents,
leading to significant environmental burdens and safety risks
[1-3]. The high temperatures and pressures required for these
methods also make them expensive and difficult to scale up
sustainably. This has ignited a global imperative to transition
toward greener, more benign synthesis routes that align with
the principles of sustainable chemistry[4].

The limitations of conventional methods have paved the way
for green synthesis, an approach that leverages biological
entities as non-toxic and cost-effective nano-factories.

This paradigm shift offers a promising solution by harnessing
the power of nature to fabricate nanomaterials. Among
various biological resources—including bacteria, fungi, and
algae—the use of plant extracts has emerged as a particularly
attractive and scalable method [5]. Plants are abundant,
renewable, and contain arich array of phytochemicals such as
polyphenols, flavonoids, terpenoids, and alkaloids. These
compounds serve a dual purpose: they act as powerful
reducing agents to convert metal ions into nanoparticles and
as effective capping agents to stabilize the newly formed
particles and prevent unwanted aggregation [6]. The one-pot,
low-temperature nature of this synthesis route makes it
exceptionally simple and economically viable.

Within the vast landscape of nanomaterials, cobalt oxide
nanoparticles (Co,0, NPs) have garnered immense scientific
and industrial interest. As a p-type semiconductor with a
unique spinel structure, Co,0,exhibits a rare combination of
properties, including excellent electrochemical performance,
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high catalytic activity, and intrinsic magnetic behaviour [7].
These attributes make Co,0, NPs highly versatile, with
applications spanning a wide range of critical fields. In energy
storage, they are being explored for use in high-performance
lithium-ion batteries and supercapacitors due to their high
theoretical capacity and structural stability [8]. In catalysis,
they are utilized for environmental remediation, such as the
degradation of organic dyes and pollutants via photocatalysis
[9], their antibacterial and anticancer properties make them
valuable in biomedical applications[10].

Recent studies have highlighted the remarkable versatility of
plant-mediated synthesis for producing Co,0, NPs with
tailored properties. Researchers have successfully used a
diverse range of plant sources, including Hyphaene thebaica
fruit extract [12], Clitoria ternatea flower extract [11] and
Annona muricata leaf extract [13]. These studies demonstrate
that the choice of plant extract significantly influences the
final morphology, size, and crystallinity of the nanoparticles.
The controlled synthesis achieved through green methods
allows for fine-tuning the properties of Co,0, NPs to optimize
their performance for specific applications.

Due to its exceptional characteristics and widespread use in a
variety of sectors, including photocatalysis, antimicrobial
entertainment, and chemical sensitivity, cobalt
nanoparticles are now a topic of study. In the past, these
nanoparticles were created using conventional physical and
chemical techniques, but these methods often involve
harmful chemicals, high energy usage, and environmental
dangers. Consequently, there are worldwide initiatives to
encourage environmentally beneficial and sustainable
manufacturing techniques. Plant extracts-based green
components are becoming increasingly popular as a viable
alternative in this scenario. Due to its numerous advantages,
this method is well-liked: free, biocompatible, simple to scale
up, and most importantly, it does not require the addition of
stabilizing chemicals during the creation of nanoparticles.
Plant extracts are naturally composed and provide a wealth of
phytochemicals, including phenols, alkaloids, terpenoids,
and tannins. In high concentrations, they perform two
functions: they act as a reducing agent and a sealing agent.
These phytochemicals successfully transform cobalt
precursors into stable and practical nanoparticles.

Table 1: The plant-mediated Biogenic Synthesis of Cobalt Oxide Nanoparticles

Parts used in
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Plant-mediatedSynthesis of Cobalt Oxide Nanoparticles
Because the manufacture of Co,0, NPs using plants is quick,
clean, environmentally friendly, non-pathogenic, and low, it
has attracted curious interest. protocol, which offers a one-
pot method for synthesis. Combining biomolecules such as
tannins, proteins, amino acids, enzymes, polysaccharides,
sugars, alkaloids, phenols, saponins, terpenoids, and others
reduces and stabilizes Co,0, NPs. vitamins that are naturally
found in the plant-accommodating. The process for making
NPs includes gathering the desired plant portion (leaf, latex,
flower, root, seed, peel, and fruit) from the plant. Sites should
be cleaned twice or three times with plain water to get rid of
the epiphytes and any surrounding debris. The sterile
distilled water is then used to rinse them, if there are any
undesirable elements. These fresh and clean plant
components are either ground to a fine powder using a
household blender or dried before being utilized to produce
extract. About 10 grams of fresh or dried powder is boiled with
100 millilitres of deionized distilled water to make the plant
broth. After that, the extract is carefully filtered until there is
no insoluble matter in the broth. The reduction of the cobalt
ion to produce Co,0O, NPs is followed by the addition of the
cobalt metal salts precursor into the plant broth. The
phytochemical is simply extracted and combined with cobalt
salt solution; there is no need to introduce any outside
chemicals, such as a reducing agent or stabilizers. Their
presence in extract serves as a stabilizing factor in the
production of Co,0, NPs. The comprehensive procedure for
the green synthesis of Co,0, NPs by the extract from
Aspalathus linearisleavesis described [14]. The produced
Co,0, NPs solution is then centrifuged to separate the NPs,
and the resulting solution is well rinsed with appropriate
solvents and it's followed by calcination process at 400-
500°C.Theresulting NPs are ground into a fine powder, which
is then gathered for additional analysis [15]. Additionally, to
the previously mentioned, different plants and their parts
utilised for the biosynthesis of cobalt and cobalt oxide
nanoparticles with their morphology, size and applications
are presented in table no. 1

Plant name . Precursors salt Size Shape of NPs obtained Applications Ref.
Synthesis
Citrus tangerina Leaves Co(NOs)»6H-0 90-130 nm Octahedral Al’ltlmlCl‘O.b {al, antioxidant, and 13
anti-inflammatory
Juglans regia Bark CoClI2:6H20 Spherical Env1roncr;1re0r1t?iica§(t;1tt:;ctti:1al, and 14
Blumea lacera Leaves CoCly*7H,0 5-10 nm Spherical Antimicrobial 15
Punica granatum L. Seed oil CoCly'6H,0 129.6 nm Spheroidal Antimicrobial and anticancer 16
Cocos nucifera Fruit Co(NOs)»6H,0 18.44 nm — Photocatalytic and antibacterial 17
Aloe vera stem Co(NO:s),6H.0 Rod shape Oxygen evolution reaction 18
Croton Macrostachyus Leaves Co(NO:s),6H,0 12.75 nm Irregular Spherical Antibacterial activity 19
Carboxymethyl cellulose Sugarcane molasses Co(NO:3),6H,0 27.2 nm Spherical Biological activities 20
Conocarpus erectus Leaves — 20-60 nm Spherical — 21
Ziziphus oenopolia Leaves CoCly-6H,0 27 nm Irregular Antimicrobial 22
Apium graveolens Leaves Co(NO3),6H,0 21-55nm Irregular Antibacterial activity 23
Camellia sinensis Stalks Co(NO:s)6H-0 21-72 nm Irregular Antibacterial activity 23
Lawsonia inermis Leaves and bark Co(NO:s),6H.0 98 nm Rough cubic and spherical Bimedical 24
https://lsr.crcjournals.org/ 31.
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Mappia foetida Leaves CoCl, — Spherical Antimicrobial potential 25
. . Catalytic and photocatalytic dye
Spent coffee Seed Co(NOs)»6H20 29.01 nm Spherical and irregular degradation 26
Jasminum mesnyi Leaves Co(NO3),6H,0 59.9 nm Spherical Degradation of dye 27
Celosia argentea Whole plant — 27.42 nm — — 28
Litchi chinensis Fruit Co(OAc),4H,0 26-40 nm Spherical — 29
Calotropis gigantea Leaves — 50 nm Spherical — 30
Calotropis procera Latex Co(OAc),4H,0 10 nm Spherical Antibacterial activity 31
Rap ham{s .satlvus var. Leaves — 80 nm Spherical — 32
longipinnatus
Helianthus annuus Leaves — — Plate — 33
Carica papaya Leaves Co(NO:s),6H.0 22 nm Spherical Anti-oxidant, anti-cancer 34
Piper nigrum Seeds CoCly-6H,0 40-60 nm Trlangular—llke Wlth — 35
irregular spherical
Phoenix dactylifera Seed — ~80 nm Spherical Photocatalytic and antimicrobial 36
Citrus limon Fruit juice CoCly-6H,0 — — Antimicrobial activity 37
Senna auriculata Flower Co(NOs)2-6H,0 31.94 nm — Antibacterial and antifungal 38
Manilkara zapota Leaves Co(NO3)2-6H,0 20.23 nm — Antifungal activity 39
Rhamnus virgata Leaves Co(OAc),4H;0 ~17 nm — Biological applications 40
Spirulina platensis Whole Plant CoCly'6H,0 13.28 nm — Antifungal activity 41
Withania coagulans Plant CoCly'6H,0 49-59 nm Bead, cube Antibiotic, al:;i;?fjl and biofilm 42
Gingko Leaves Co(CH5COO0), 30-100 nm Irregular Electrochemical biosensing 43
Abies pindrow Leaves C4HsCoO44H,0 17 nm Spherical dye degradation 44
Duranta repens Leaves (CHsC0O0),Co-4H20 ~23nm — Electrochemical analysis of 45
tramadol
Rosmarinus officinalis Leaves Co(OAc);4H,0 ~6.5 nm — Biomedical an.d p}_lotocatalytm 46
application
Hibiscus rosa sinensis Flower Co304 34.9 nm Tubular like Antibacterial activity 47
Spinacia Oleracea Leaves CoCly-6H,0 — Agglomerated-spherical — 48
Vitis vinifera Seed Co(NO:s)6H,0 10-20 nm Nanorod Catalyt.lc, phoFocata}yj@, and 49
antibacterial activities
Mollugo oppositifolia Leaves CoCly-6H,0 22.7 nm Spherical Antimicrobial activity 50
Geranium wallichianum Leaves Co(OAc),-4H,0 21 nm — Enzyme 1r}h1b1t10n, ?HFIOXM%am’ 51
cytotoxic and antimicrobial
Palm kernel Seed CoCly:6H,0 9-22 nm Diamond, hexagonal — 52
Phytolacca dodecandra Leaves Co(NO3),6H,0 10.79 nm Spherical Antimicrobial activity 53
Arishta Leaves CoCl,y6H,0 40-50 nm — Antibacterial, antifungal activity 54
Ziziphus oxyphylla Root CoCly:6H,0 40-60 nm Irregular and spherical Antibacterial activity 55
Hibiscus rosa sinensis Leaves C4HsCoO, 18.98 nm Spherical or elliptical Antibacterial, antioxidant 56
Cordia myxa Leaves,f::);zts, and Co(NO:3),:6H,0 47-48 nm Prism Photocatalytic activity 57
Aerva javanica Aerial CoCly'6H,0 39.23 nm Poly shaped Antimicrobial activity 58
Curcuma longa Leaves Co(NOs)»6H-0 22 nm Spherical Photocatalytic and antibacterial 59
Mi i imi ial
Ipomoea carnea Leaves CoCly-6H,0 6-10 nm Spherical icronutrient a‘n(.i antimicrobia 60
activity
Trigonella foenumgraceum Leaves CoCly:6H,0 13.2 nm Spherical — 61
Aspalathus linearis Leaves Co(NO:s),6H.0 ~3.6 nm Quasi-spherical Cubic — 62
Sageretia thea Leaves Co(OAc),-4H,0 20.03 nm Spherical Cubic Antibacterial, antioxidant 63
Clitoria ternatea Flower CoCls-6H,0 13-17 nm Spherical Antibacterial, antioxidant 64
Manihot esculenta Root CoCl; 36 nm Prism like-anchored - 65
octahedron
I 1 i
Aerva lanata Leaves Co(NO3)2-6H,0O 36.24 nm rregular, cubic, . Antimicrobial and antioxidant 66
hexagonal, and spherical
Sesbania sesban Plant Co(NOs)»6H-0 15-30 nm Spherical Antibacterial, antioxidant 67
Populus ciliata Leaves Co(NO:s),6H.0 15-35nm Square Antibacterial activity 68
Momordica charantia Aerial CoCly-6H,0 40-90 nm Irregular Photocatalytic activity 69
Caccinia macranthera Seed Co(NO3),6H,0 30-45 nm Granular shape Cytotoxicity and photocatalytic 70
Solanumlycopersicum Seed Co(NOs)»6H,O 5nm Quantum dot Degradation of ciprofloxacin 71
Psidium guajava Leaves Co(NO:s),6H.0 26-40 nm Spherical Photocatalytic 72
Salvia hispanica Leaves Co(NO3),6H,0 9.218nm Spherical Biomedical and photocatalytic 73
Ocimum tenuiflorum Leaves Co(NO:s)»6H-0 Rod Antifungal activity and sensing 74
1 -1
Euphorbia tirucalli stem CoSO4+7H,0 m?m 00 Irregular and spherical Breast cancer inhibition 75
Rosmarinus officinalis Leaves CoCly6H,0 19-33 nm Sheets like Anticancer activity 76
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Characterisation of plant-based synthesised Cobalt
oxide NPs

Characterization of Cobalt Oxide Nanoparticles (Co,0, NPs),
which vary widely in size, shape, and surface area, relies on a
diverse suite of analytical techniques. These methods include
UV-visible spectroscopy, thermogravimetric analysis, Fourier
transform infrared spectroscopy, powder X-ray diffraction,
photoluminescence, and various microscopy and scattering
techniques like SEM, TEM, AFM, DLS, and EDS. Spectroscopic
and diffraction methods, such as UV-vis, XRD, FTIR, DLS,
EDS, and Raman, are collectively used to determine the
crystal size, lattice planes, phase, structural configuration,
and elemental composition of the NPs. Specifically, EDS
confirms the elemental makeup, while DLS measures particle
size distribution and surface charge. Furthermore, XRD
provides crystallite size information, and FTIR identifies
surface functional groups (like flavonoids, phenols, and
hydroxyls) that are essential for successful reduction and
stabilization during nanoparticle synthesis.

Applications of Cobalt oxide NPs

Cobalt oxide nanoparticles (Co,0, NPs) are characterized by
their diversity, multi-faceted materials. It contains both
regular and monoclinic structures. Their main useful
properties are: high resistance to oxidation and corrosion
associated with effective, non-toxic and environmentally
friendly,due to these excellent properties, Co,0, NPshave
found wide application in many advanced fields. These
applications primarily demonstrate their usefulnesssuch as
photocatalytic treatment of wastewater, as well as Solar
energy storage Tools and Supercapacitor [77]. In addition,
Co,0, NPs are involved in development ofMagnetic
semiconductorsandElectrochemical sensorTechnology. The
use of these nanoparticles in some areas such as
photocatalytic environmental applications, water
purification, electrochemical sensors and related
applications [78]. Moreover, antimicrobial activity,
cytotoxicity, antifungal and antioxidant activityare the areas
that are specifically researched.

Degradation of water-based dyes

Dyes are complex chemicals with specific functional groups
(auxo-chromates, chromophores, conjugated systems, etc.)
and are widely used as dyes to produce attractive products
such as textiles, paper, leather, etc. Therefore, it is of great
importance to find an effective solution for the treatment of
dye wastewater [79]. Interestingly, CoO-NPs have opened a
new dimension in the treatment of wastewater due to their
high adsorption and photocatalytic activity. In recent years,
many studies have been published on the degradation or
removal of dyes from wastewater using CoO-NPs. For
example, Adekunle et al. [80] tested the photocatalytic
degradation of eriochrome black-T and muroxide dyes in
aqueous solution under the influence of sunlight. The
authors showed that only 10 mg of nanoparticles showed
good degradation efficiency within 40 min of sunlight
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exposure. Initially, the authors proposed the hypothesis that
dye molecules interact with nanoparticles and initiate the
color change process. Therefore, photocatalytic degradation
of dye molecules occurs after prolonged exposure to sunlight.
Similar observations were reported in the study done by
Sonkusare et al. [81] for the photocatalytic degradation of
malachite green, erythrochrome black-T, methyl red and
bromophenol blue under visible light. The photocatalytic
activity was evaluated using UV-visible spectra as a function
of time before and after treatment with CoO-NPs and liquid
chromatography-mass spectrometry (LC-MS) analytical
methods. The authors observed excellent and rapid
photocatalytic degradation (>95%) of selected dye molecules
with a nanoparticle size of 50 mg within 40 min under visible
irradiation. The main reasons for the excellent photocatalytic
performance were the morphology of the metal
nanoparticles, the energy gap compared to CoO
nanoparticles, and the presence of electron holes. Under
visible light irradiation, electrons in the valence band were
excited and moved to the conduction band, where
corresponding holes (h) were generated. Therefore, e-h pairs
were generated at the active site of the cobalt nanoparticles,
which were combined with the dye molecule through oxygen
and water molecules. In this way, superoxide radical anion
was generated, and reactive OH radicals were generated,
which acted as strong oxidizing agents for the dye. In this way,
the strong oxidizing radicals generated reacted with the
aqueous dye solution and were converted into dyes by
oxidation of the dye. In addition to the e-h coupling factor,
the specific surface area, mesoporosity, and surface
morphology were important factors in enhancing the
photocatalytic degradation of dye molecules by CoO»
nanoparticles. Furthermore, the authors identified the
photocatalytic degradation products of the dyes in the
reaction with cobalt nanoparticles by LC-MS analysis. The
reduction products were observed after 15 minutes of
reaction, and 100% degradation was observed within 45
minutes. In another recent study, Samuel et al. [82] evaluated
the photocatalytic activity of CoO nanoparticles in the
degradation of the acidic dye Blue-74 (a cationic dye) in
aqueous solution in the presence of UV radiation. The
photochemical activity of the acid dye Blue-74 increased
tenfold at acidic pH values compared to the initial pH value,
indicating that this is due to the presence of different charges
on the surface of the nanoparticles. The key factors for the
high photochemical degradation performance of
nanoparticle catalysts under UV light are the appropriate
doping of cobalt oxides to improve the photochemical
efficiency and the functionality of other metal nanoparticles.
CeO, nanoparticles (Co-CeO, NPs) were prepared by aqueous
extraction of the bark of Salvadora persica from the Salvadora
persica tree with trimethylamine, fluorine, fluorine
compounds, isothiocyanate, sodium bicarbonate, tannin and
sulphur compounds. This tree is rich in sulphur compounds.
The nanoparticles (NPs) were tested for degradation in an
aqueous solution of “Acid Orange 7”.
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The photovoltaic performance of the green composite
nanoparticles was significantly improved by the addition of
7% cobalt (from 10 mg L1 to 95.4% at pH 5.0 in 180 min).
Furthermore, the incorporation of 7% cobalt and cerium
nanoparticles not only increased the surface area of the
nanomaterial but also reduced the energy gap, thereby
accelerating the photovoltaic efficiency.

Use of an electrochemical sensor

CoO-NP nanoparticles synthesized from plant extracts
exhibit exceptional stability, good electroactive properties,
and electrical conductivity. Due to their broad linear range,
selectivity, low detection limit, and reliable performance,
they are used in various electrochemical sensing applications
[83]. For example, Sharma et al. [84] reported the use of
bioreduction of cobalt nitrate and aqueous Nigella sativa
seeds for the synthesis of CoO-NP nanoparticles. In this work,
an aqueous solution of Nigella sativa (15 mL) was heated with
cobalt nitrate, and the resulting mixture was heated at 85 °C
for 30 min with constant stirring. Then, the resulting
precipitate was washed with distilled water and ethanol, and
dried at 80 °C for 10 h. The nanoparticles were further coated
with Nafion (an ionic polymer) and applied to a glassy carbon
electrode for electrochemical detection of hydrocortisone by
cyclic voltammetry and differential pulse voltammetry.
Hydrocortisone is an anti-inflammatory and anti-allergic
glucocorticoid that is useful in the treatment of severe skin
infections and inflammation in humans and animals. TEM
analysis of the synthetic CoO, nanoparticles revealed a
spherical morphology with a particle size of 2-18 nm and a
diameter of 8.7 nm. The authors observed that Nafion
significantly increased the active surface area of the CoO2
nanoparticles on the glassy carbon electrode. Therefore, the
sensor showed a low detection limit of 0.001-1 pm for
hydrocortisone and showed excellent recoveries
(97.7%-102.5%) in blood serum samples and drug infusions.
The authors reported that a hybrid system (Naf-CoO2/GCE)
was fabricated by synthesizing Nafion-based CoO,
nanoparticles from oxygen atoms on a glassy carbon
electrode. Memon et al. [85] reported the synthesis of CoO-
NP using the leaves of Duranta repens L., commonly known as
the flower of paradise or golden dew. The crystallinity of the
synthesized CoO-NP was investigated using the DB Scherrer
equation based on the results of X-ray diffraction analysis.

Antibacterial effect

The emergence of drug-resistant bacteria is currently a global
concern. Therefore, there is a need for antimicrobial agents
that can kill bacteria that are resistant to existing drugs [86].
Nanoparticles are characterized by their small size and large
surface area compared to larger particles and therefore have
potent antimicrobial activity. Nanoparticles exhibit size-
dependent membrane diffusion and inhibit bacterial protein
synthesis by disrupting the cell membrane [87]. Gold, iron,
silver, and iron oxides, such as iron oxide, cobalt oxide, and
cobalt oxide, have shown significant antimicrobial activity.

Life Science Review

Silver nanoparticles are of interest not only in the biomedical
industry but also in the food industry due to their
antimicrobial properties [88]. Two important properties have
been proposed. First, the positive sites of different cobalt ions
on cobalt oxide nanoparticles, namely CO,” and CO*, react
with the negative charges of the cell membrane, leading to
cell death. Second, electrons in cobalt oxide can be excited to
the conduction and valence bands by light. In the conduction
band, the reaction of oxygen molecules with electrons forms
the superoxide radical anion. Eventually, hydrogen peroxide,
a strong oxidizing agent, is produced. The reaction of water
with the superoxide radical anion on cobalt oxide
nanoparticles leads to the destruction of the cell membrane.
Therefore, cobalt oxide nanoparticles can be effective
antimicrobial agents even at low concentrations [92]. Cobalt
and cobalt oxide nanoparticles have antimicrobial properties.
Eltarakhoni et al. (2018) reported an eco-friendly synthesis of
nanoparticles using the Gram-negative bacterium P.
mirabilis. The nanoparticles were characterized by UV-Vis
spectroscopy, EDX spectroscopy, XRD spectroscopy, TEM
spectroscopy, dynamic light scattering (DLS) and
polydispersity index (PDI). Antimicrobial activity was
observed by diffusion methods against S. typhi, E. coli, C.
perfringens, S. aureus and Enterococcus faecalis [89]. [19]
synthesized hemispherical cobalt oxide nanoparticles with a
diameter of 20-27 nm using the fungal species Aspergillus
brasiliensis. This is the first time that fungal cobalt oxide
nanoparticles have been synthesized and shown significant
activity against multiple pathogens [90]. The biosynthesis of
cobalt oxide nanoparticles using intact Celosia argentina has
been reported several times, and their antibacterial activity
has been investigated using the disk diffusion method. The
synthesized nanoparticles were shown to be active against B.
subtilis and E. coli [87]. Cobalt oxide nanoparticles were
synthesized in vitro in green media with Hibiscus rosa-
sinensis extract, and their antibacterial activity was
measured. These green clay nanoparticles were shown to be
active against E. coli, Streptococcus mutans, S. aureus, and
Klebsiella pneumoniae [91].

Antifungal activity

Bacteria and fungi are developing resistance to antibiotics
and existing drugs at an alarming rate. Therefore, there is a
need for effective antifungal agents that can kill fungi that are
resistant to existing drugs [1]. Cobalt and cobalt oxide
nanoparticles have diverse biomedical applications due to
their diverse properties, including antifungal properties. Hou
et al. (2020) measured the antifungal properties of cobalt
nanoparticles produced by an environmentally friendly
process, and the results showed that cobalt nanoparticles
exhibited potent fungicidal activity against Candida krusei,
Candida guilliermondi, Candida glabrata, and Candida albicans
[93]. Similarly, the synthesis of cobalt oxide nanoparticles
from H. rosa-sinensis flower extract and their fungicidal
activity were reported.
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The results showed that the synthesized nanoparticles
exhibited potent activity against Aspergillusflavus and A. niger
[91].

Antioxidant activity

For cellular survival, Oxidative metabolism is an essential
process. Nevertheless, the formation of free radicals and
reactive oxygen species (ROS) is a damaging side effect of this
process. When these harmful molecules build up, they trigger
enzymes like catalase and superoxide dismutase, which in
turn inflict damage on cellular proteins, membrane lipids,
and DNA [94]. This destruction can be lethal to cells and
disrupt their ability to respire. Outside the body, oxidationis a
major chemical contaminant in food, degrading its quality,
safety, and nutritional content. The good news is that both
natural and man-made antioxidants are available to reduce
the adverse impact of oxidation[95]. Antimicrobial
experiments, free radical scavenging capacity, total
antioxidant capacity and total reducing power were
evaluated. Bio-derived cobalt oxide nanoparticles showed
excellent radical scavenging capacity, moderate total
antioxidant capacity and total reducing power [96]. Shahzadi
et al. (2019) also investigated the radical scavenging capacity
of bio-derived CoNPs and reported that the radical
scavenging capacity and antioxidant activity were dependent
on the CoNP concentration: increasing the concentration led
to an increase in the CoNP concentration [87]. Nanoparticles
were synthesized using lamellar leaves of Ziziphora
clinopodioides, and their antioxidant activity was evaluated.
The synthesized green nanoparticles showed significant
results and had good DPPH scavenging activity [93].
Similarly, cobalt oxide nanoparticles made from Sesbania
sesbana extract showed lower DPPH radical scavenging
activity compared to silver and copper oxide nanoparticles
[67].

Conclusion

Cobalt and cobalt oxide nanoparticles (NPs) synthesised by
environmentally friendly (green) methods offer a wide range
of biological and biomedical applications. Traditionally, NPs
have been produced by expensive physical or chemical
processes, which often lead to environmental pollution. In
contrast, green synthetic methods use natural resources -
plant extracts or plant parts, microorganisms, or
biomolecules - such as oleic acid, secondary metabolites,
flavonoids, pigments, proteins and starch-to
synthesizenanoparticles. Biosynthetic methods can produce
not only cobalt and cobalt oxide NPs but also cheap and easy
to build but they are still Eco-friendly that serves as
Biocompatible.
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