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ARTICLE INFO ABSTRACT

Keywords: The ability of cobalt nanoparticles (CONPs) to absorb electromagnetic waves led to their use as potential
Orange peel ) biomedical agents in recent years. The properties of magnetic fluid containing cobalt nanoparticles are
Cobalt nanoparticles extraordinary. Hence, this research was designed to evaluate the Co(NO3), reducing the potential of orange peel
Characterization . .. . L. . .

L N aqueous extract and assessed their antimicrobial and antioxidant activities. The aqueous extract derived from
Antimicrobial . i A
Antioxidant orange peel had the potential to fabricate the CoNPs from 1 M Co(NOs), and the synthesized CoNPs were

successfully characterized by standard nanoparticles characterization techniques such as UV-vis spectropho-
tometer, Fourier Transform Infrared Spectroscopy (FTIR), Scanning Electron Microscope (SEM), and Dynamic
light scattering (DLS) analyses. The FTIR analysis revealed that the synthesized CoNPs were capped with active
functional groups. It was characterized by predominant peaks corresponding to carbonyl (C=0), amide (CO =),
and C-O of alcohols or phenols. The size and shape of CoNPs were found as 14.2-22.7 nm and octahedral,
respectively, under SEM analysis. Furthermore, at increased concentration, the CoONPs demonstrated remarkable
antimicrobial activity against common bacterial (Escherichia coli, Staphylococcus aureus, Bacillus subtilis, and
Klebsiella pneumoniae) and fungal (Aspergillus niger) pathogens. Furthermore, these CoNPs also showed consid-
erable in-vitro antioxidant activities against various free articles such as 2,2-diphenyl-1-picrylhydrazyl (DPPH),
and Hydrogen Peroxide (H303). These results suggest that OP aqueous extract synthesized CoNPs possess
considerable biomedical applications.

high concentration of polyphenols, which protect against various dis-
eases (Sharmila et al., 2020). Because of the existence of limonene, a
naturally present compound, it also possesses fine anti-cancerous attri-

1. Introduction

The citrus fruits (orange) are one of the most popular fruits world-

wide. The tangy flavor of fresh oranges has numerous health benefits.
This wonder fruit is beneficial to the skin, losing weight, as well as the
immune response (Sharmila et al., 2020). Though we all understand,
oranges are a good source of Vitamin C and some other vital phytonu-
trients (Williams, 2013). Meanwhile, the orange peel, which we usually
discard, contains nutrients such as fiber, folate, calcium, vitamin B6,
vitamin C, and many others. Furthermore, the orange peel contains a

butes. Besides that, the essential oil extracted from the orange peel has
anti-inflammatory characteristics which boost our immune system (de la
Torre et al., 2019). Orange peel, the major waste portion in the
manufacturing of orange juice, contains flavonoids (fractions such as
O-glycosylated flavanones, O-glycosylated flavonols, polymethoxylated
flavones, phenolic acids, O-glycosylated flavones, and C-glycosylated
flavones) and their ester derivatives possess considerable antioxidant
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(DPPH) properties (Kanaze et al., 2009). The orange peel extracts’
presumed antioxidant potential is primarily attributed to the glycosides
hesperidin and naringin (Williams, 2013). Coniferin and phlorin are two
more phenolic compounds present in orange peels, which have been
shown to help with radical scavenging while taken in the portion of
orange peel molasses (Negro et al., 2017). These phytochemicals
enriched orange peel has been used in this study as a novel approach to
synthesize the CoNPs from cobalt sulfate heptahydrate. Since nano-
particles have gained investigators from various fields over the last few
decades due to their elevated surface-to-volume ratio and other truly
unique characteristics (Samuel et al., 2020; Narayanan et al., 2022).
Among various nanoparticles, the cobalt and cobalt oxide nanoparticles
have a wide range of biomedical applications such as antioxidant,
antimicrobial, anticancer, insecticidal, antiparasitic, antidepressant,
wound healing, as well as antidiabetic activities (Rajeswari et al., 2021;
Waris et al., 2021). Apart from various biomedical applications, the
cobalt and cobalt oxide nanoparticles have been extensively used in
rechargeable (lithium-ion) batteries, colorants, thin electronic layers,
resistors, gas sensing, photocatalysis, and as pollutant remediation
(Medvedeva et al., 2017; Waris et al., 2021). Various chemical and
physical methods are being used; notwithstanding, such methods may
be affiliated with eco-toxicity, expense, high energy, and time con-
sumption (Waris et al., 2021). Thus, the researchers prefer to use bio-
logical materials to synthesize the nanoparticles since it is eco-friendly,
cost-effective, and less time-consuming. Furthermore, the chemicals
from the biomaterials may directly involve the reduction or synthesis of
nanoparticles and interestingly coated over the surface of synthesized
particles (Okwunodulu et al.,, 2019). Hence, the phytochemicals
enriched aqueous extract of orange peel was used to synthesize and
characterize (UV-vis- spectrophotometer, Fourier-transform infrared
spectroscopy (FTIR), Dynamic Light Scattering (DLS), and Scanning
Electron Microscope (SEM)) the cobalt nanoparticle (CoNPs) from
CoS04-7H20. Furthermore, the possible in-vitro biomedical applications
such as antimicrobial (Bacteria: Staphylococcus aureus, Bacillus subtilis,
Escherichia coli, and Klebsiella pneumoniae. Fungi: Aspergillus niger) and
antioxidant (2,2-diphenyl-1-picrylhydrazyl (DPPH, Hydroxyl, HOo,
and Ferric Reducing Antioxidant Power Assay) activity potential of
synthesized CoNPs were evaluated.

2. Materials and methods
2.1. Collection and processing of orange peel

The Orange Peel (OP) (Citrus reticulata) was collected from the
regional market, and they were washed with sterile water and sliced into
fine pieces. About 50 g of the fresh fine OP was used for aqueous extract
preparation by blending with 200 mL of sterile deionized water and
homogenized using an electric mixer (Premier-Turbo, EM-H50N-W).
The homogenized mixer was then heated at 70 °C for 30 min, cooled at
room temperature, and filtered through Whatman No.1 filter paper
(Negro et al., 2017; Waris et al., 2021). This filtrate was then used to
fabricate cobalt nanoparticles (CoNPs).

2.2. Synthesis of CoONPs

About 90 mL of freshly prepared OP aqueous extract was blended
with 10 mL of freshly prepared Co (NO3)3 (1 M). This reaction mixture
was heated for 90 min at 60 °C till reduced volume up to 30 mL and then
kept undisturbed at room temperature overnight (Waris et al., 2021).
After overnight incubation, the reaction mix was centrifuged for 15 min
10,000 rpm. The obtained pellet was rinsed with deionized water and
ethanol to remove un-reacted particles and impurities. The obtained
precipitates were dried in an oven at 65 °C for 8-9 h, grinded, and
subjected to characterization (Bibi et al., 2017).
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2.3. Characterization of OP synthesized CoNPs

2.3.1. UV-visible spectrophotometer analysis

The standard protocol (Kharade Suvarta et al., 2020) was followed to
confirm the reduction of 1 M Co(NO3), into CoNPs mediated by OP
aqueous extract was studied by reading the absorbance of 1 mL of CoNPs
at 200-800 nm through UV-vis. Spectrophotometer (V-760 UV-Visible
Spectrophotometer, Jasco, Pvt. Ltd.).

2.4. FTIR analysis

The functional groups of bioactive components of OP aqueous
extract, which involved in the reduction of Co(NO3), into CoNPs as well
as a coat over the surface of them was identified through Fourier
Transform Infrared Spectroscopy (iS5 FTIR Spectrometer, Thermo Sci-
entific Nicolet) in the range of 400-4000 cm™! with a resolution of 8
cm ! in the presence of KBr pellets by following standard operating
protocol (Hafeez et al., 2020).

2.4.1. SEM and DLS analysis

The size and structural morphology of OP aqueous extract synthe-
sized CoNPs were examined through Scanning Electron Microscope
(JSM-7900 F Schottky Field Emission SEM-JEOL, Ltd) under the mag-
nifications of magnification of 5.00 KX to 15.00 KX with the standard
operating protocol. The size distribution pattern and the average size of
OP aqueous extract of synthesized CoNPs were studied through Dynamic
light scattering analysis (MADLS-Zetasizer Ultra, Malvern Panalytical
Ltd.).

2.5. Antimicrobial activity potential of CoONPs

The antimicrobial activity of OP aqueous extract synthesized CoNPs
was studied by standard agar well diffusion method with Mueller Hinton
Agar (MHA) media against common bacterial (Escherichia coli, Staphy-
lococcus aureus, Bacillus subtilis, and Klebsiella pneumoniae) and fungal
pathogens (Aspergillus niger). In brief, the test microbial pathogens were
inoculated on sterilized MHA-containing plates through the spread plate
method. Then various concentrations (50, 100, and 150 pg mL ™) of OP
aqueous extract synthesized CoNPs were poured on well-perforated
plates in triplicates. About 75 pg mL ™! (each) concentration of tetra-
cycline and fluconazole were used as a positive control for bacteria and
fungus respectively. The inoculated plates (triplicates) along with sterile
and positive control plates were incubated at 35 °C and 28 °C for 24 h
(for bacteria) and 72 h (fungus) of incubation, respectively. The size of
the zone of inhibition (in mm) of various concentrations of CONPs was
measured and compared with positive control.

2.6. In-vitro free radicals scavenging potential of CoNPs

The free radicals scavenging competence of OP aqueous extract
synthesized CoNPs was studied through standard in-vitro antioxidant
assay against various forms of free radicals such as 2,2-diphenyl-1-pic-
rylhydrazyl (DPPH), Hydroxyl (OH ™), Hydrogen Peroxide (H,05), and
Ferric Reducing Antioxidant Power (FRAP) assays.

2.6.1. DPPH assay

The DPPH free radicals scavenging competence of various dosages of
OP aqueous extract synthesized CoNPs was studied following the typical
method. In brief, about 2.0 mL of different concentration (200, 400, 600,
800, and 1000 pg mL 1) of CoNPs were blend with 2.0 mL of DPPH
(0.004%) solution. Furthermore, similar butylated hydroxytoluene
(BHT) concentration was used as standard. These reaction mixtures were
then incubated for 30 min under dark conditions. Each sample’s ab-
sorption rate was read at 517 nm using a UV-vis spectrophotometer, and
the percentage of DPPH free radicals scavenging activity was calculated
using the following standard formula (Ajarem et al., 2022).
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DPPH free radical scavenging activity (%) = (Control — Test/Control) x 100
[1]

2.6.2. Hydroxyl radicals scavenging activity

The ability of aqueous extract of OP synthesized CoNPs to scavenge
hydroxyl (OH™) radicals were tested using a standard protocol.
Concisely, 0.45 mL of sodium phosphate (200 mM) buffer (pH-7.0),
0.15 mL of 10 mM deoxyribose, 0.150 mL of 10 mM FeSO4-EDTA, 0.15
mL of 10 mM Hy0,, and 0.525 mL distilled water were blended with
0.075 mL of different concentrations (200-1000 pg mL 1) of CoNPs.
Each concentration of reaction mixture was incubated for 4 h. Later,
0.75 mL (each) of 2.8% Trichloroacetic Acid (TCA) and 1% Trichloro-
acetic Acid (TBA) supplementation inhibited the reaction. The reaction
mixers were then placed in a boiling water bath for 10 min before
cooling with tap water. The solution’s absorbance was measured at 520
nm, and a similar concentration of BHT was used as standard.

Hydroxyl free radical scavenging activity (%) = (Control — Test/Control) X
100 [2]

2.6.3. H303 scavenging assay

The Hy0, scavenging activity of OP aqueous extract synthesized
CoNPs was investigated using a standard protocol. In brief, 0.4 mL of
different concentrations (200-1000 pg mL 1) of CONPs were mixed with
0.4 mL of Hy0, to make a total volume of 3.0 mL. After incubating the
reaction mixer for 10 min, the absorbance at 230 nm was observed with
a spectrophotometer. Similar concentrations of BHT were used as a
control, and the percentage of H,O5 scavenging activity was calculated
using the formula below (Kamal et al., 2020).

H202 free radical scavenging activity (%) = (Control — Test/Control) x 100
[3]

2.6.4. FRAP assay
The ferric reducing potential of OP synthesized CoNPs was evaluated
by standard FRAP assay protocol using colorless or light brownish 2,4,6-
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tripyridyl-s-triazine (TPTZ) and ferric chloride hexahydrate complexes.
In brief, 3 pL of different concentrations (each) of OP aqueous extract
synthesized CoNPs were blended with 150 pL of complex ferric reagent
in a cuvette and incubated for 10 min. After 10 min of incubation was,
the color change was noticed (blue color formation indicates the
reduction of ferrous complexes), and absorbance was then measured at
605 nm using UV-vis. Spectrophotometer and BHT were used as stan-
dard. The ferric complex, reducing percentage was calculated by
following the standard formula.

FRAP activity (%) = (Control — Test/Control) x 100 [4]

3. Results and discussion

The results obtained in this study revealed that the aqueous extract of
OP could fabricate/reduce the 1 M Co(NO3), into CoNPs. A UV-vis
spectrophotometer confirmed the initial reduction of Co(NOs)s. The
spectrophotometer analysis result showed the reduced form of Co(NO3)s
as CoNPs by founding the absorbance peak at 436 nm (Fig. 1). This wide
surface Plasmon resonance (SPR) band indicates poly-dispersed nano-
materials. This fabrication was possible due to various phenolic com-
pounds in the aqueous extract of OP. This result was correlated with the
findings of Varaprasad et al. (2017). They reported that the absorbance
of CoNPs synthesized by root extract of Asparagus racemosus was re-
ported as narrow as well as smooth absorption at 438 nm (Varaprasad
et al., 2017). Another study found that the absorbance of Hibiscus can-
nabinus leaf extract synthesized CoNPs was 508 nm (Kharade Suvarta
et al., 2020).

The SPR band near 436 nm widened and shifted slightly towards the
lengthy wavelength range, suggesting the existence and emergence of
CoNPs (Padalkar et al., 2017). SPR dominates the optical absorption
spectra of metallic nanoparticles that also shifts to higher wavelength as
particle diameter increases (Solati et al., 2013). The position and
structure of Co nanocluster plasmon absorption are greatly influenced
by particle diameter, dielectric material, and surface-adsorbed species
(Zhang et al., 2017). The SPR absorption of CoNPs with a short wave-
length range in the visible range around 436 nm is caused by the same
transverse electronic fluctuation (Varaprasad et al., 2017).
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Fig. 1. UV-vis spectrophotometer analysis of orange peel mediated CoNPs.
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3.1. FTIR characterization of CoNPs

The functional groups of phytochemicals of OP aqueous extract,
which is responsible for the reduction of Co(NOs), and coated over the
surface of the CoNPs as capping and act as a stabilizing, were analyzed
FTIR. Few predominant peaks were found at 3423.74, 2922.72,
2852.36, 1629.77, 1317.35, 1113.51, 663.32, 648.31, 576.86, and
530.15 cm ! (Fig. 2). The peak found at 3423.74 cm ! attributed to the
hydroxyl group of various phenolic components. The peaks found at
2922.72 and 2852.36 cm ! correspond to C- asymmetric stretching
vibrations. Some other major peaks found at 1629.77, 1317.35,
1113.51, and 530.15 cm™* corresponded to carbonyl (C—=0), amide
(CO =), C-O of alcohols or phenols, as well as CoNPs, respectively
(Fig. 2). These results strongly suggest that the OP aqueous extract
contains more phenolic and other reducing phytochemical components.
These results were correlated with the findings of Populus ciliate leaf
extract synthesized CoNPs possess predominant peaks at 3458, 1622,
1381, 1082, and 533 cm ! (Hafeez et al., 2020). Similarly, Varaprasad
et al. (2017) reported that significant predominant peaks (3442.90
em™ = OH & C=0, 1597 cm™' — COOH, 1357 cm™! = C-0) corre-
sponding various forms of phenolics and other compounds, which
involved in the reduction and capping of CoNPs synthesized by aqueous
extract of Asparagus racemosus (Varaprasad et al., 2017). Another report
was correlated with the present findings: the FTIR peaks obtained at
3293 cm™! (-OH groups), 1634 cm™! (C=0 of ~COOH groups), 1350
em™! (C-0) CoNPs synthesized and capped by Hibiscus cannabinus leaf
extract (Kharade Suvarta et al., 2020).

3.2. DLS and SEM analyses

The hydrodynamic dimensions of OP aqueous extract synthesized
CoNPs were analyzed through DLS analysis. The results obtained from
the DLS analysis demonstrated that uniform size scattering/distribution
of OP synthesized CoNPs with the average hydrodynamic size as 132 nm
(Fig. 3). Similarly, the SEM analysis results revealed that the size of OP
aqueous extract synthesized CoNPs was ranged from 14.2 to 22.7 nm
with different magnifications and octahedral-shaped nanoparticles. The
author’s knowledge may be the first report about OP aqueous extract
synthesized octahedral-shaped CoNPs (Fig. 4). This result was correlated
with the findings of Akhlaghi et al. (2020). They reported that the size
and shape of CoNPs synthesized by Trigonella foenumgraceum ethanol
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Fig. 3. Intensity distribution pattern of orange peel mediated CoNPs analyzed
by Dynamic Light Scattering (DLS).

extract were 13.2 nm and quasi-spherical, respectively (Akhlaghi et al.,
2020). The size and shape obtained from this study can be used in
various biomedical and non-medical applications (Shah et al., 2012).
The size and shape of CoNPs are determined by the quality and quantity
of bioactive components present in the aqueous extract of OP (Sudagar
et al., 2021). Furthermore, the reaction time and phytochemicals
involved in the capping and reduction potential also determine the size
and shape of the nanoparticles (Akhlaghi et al., 2020).

3.3. Antimicrobial activity potential analysis

The antimicrobial potential of OP aqueous extract synthesized CoNPs
against some common microbial pathogens such as E. coli, S. aureus, B.
subtilis, K. pneumoniae, and A. niger through the agar well diffusion
method. The obtained results revealed that the synthesized CoNPs
showed dose-dependent antimicrobial activity against test microbial
pathogens. The increased significant antibacterial activity was found
against test bacterial pathogens in the order of E. coli (24 + 1.3) >
K. pneumoniae (22 + 1.5) > B. subtilis (21 + 1.6) > S. aureus (18 + 1.5) at
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W. Anupong et al.

EHT = 2000 AV
WO =105 mm

Signal A = SE1
Mag= 1500K X

2om
P

Date 20 Jw 2021
Time :13:58:16

‘
i

PR
16.51¥m i as /\

~20.7 nm

W
Signal A= SE1
Mag= S00KX

Fig. 4. The size and morphological traits of orange peel mediated CoNPs by
SEM analysis.

200 pg mL~! concentrations of CoNPs (Table 1). Interestingly, the ob-
tained zone of inhibition was greater than the zone of inhibition of 75 pg
mL™! concentration of tetracycline (positive control). Similarly, an
increased concentration (200 pg mL™!) of CoNPs showed effective
antifungal activity against A. niger, and it was greater than the zone of
inhibition of 75 pg mL ! concentration of Fluconazole (Table 1). These
antimicrobial properties of OP aqueous extract synthesized CoNPs might
be due to the bioactive compounds involved in the reduction and

Table 1
Antimicrobial activity potential of orange peel aqueous extract mediated CoNPs.

Name of microbial Various concentrations (ug mL ™) of CONPs

pathogens 50 100 200  Positive control
(Tetracycline: 75 pg mL ™)
E. coli 17 £ 19 + 24 + 18+ 1.4
1.7 2.1 1.3
S. aureus 16 + 17 + 18 + 17 £ 1.5
1.5 1.4 1.5
B. subtilis 17 + 18 + 21 + 18 +1.9
1.1 1.3 1.6
K. pneumoniae 19 + 18 + 22 + 19+1.3
1.8 1.6 1.5
A. niger 18 + 19 + 21 + 19 + 1.7 (Fluconazole: 75
1.6 1.8 1.4 pg mL™h)

Legend: Mentioned values are mean and standard error (+SE) of triplicates.
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capping over the surface of the CoNPs (Zhao et al., 2021). Similarly, the
Populus ciliata leaf extract mediated CoNPs showed considerable anti-
bacterial activity (14.0 & 0.6 to 21.8 + 0.7) in dose-dependent manner
against E. coli, B. lichenifermia, K. pneumoniae, and B. subtillus (Hafeez
et al., 2020). Another report stated that the Celosia argentea mediated
CoNPs possess remarkable antimicrobial activity against E. coli and
B. subtilus as 51.83 mm and 42.18 mm respectively (Shahzadi et al.,
2019). The CoNPs fabricated from Aerva javanica extract possess sig-
nificant antibacterial (B. subtilis, S. aureus, E. coli, and P. aeruginosa) and
antifungal activity (Fusarium solani) at a concentration of 3.13 mg mL ™!
(Mubraiz et al., 2021).

3.4. Free radicals scavenging potential

3.4.1. DPPH scavenging assay

The free radicals scavenging competence of OP aqueous extract
synthesized CoNPs was studied against the DPPH radicals through
standard assay. The results obtained from this study revealed that the
synthesized CoNPs effectively scavenged the 2,2-diphenyl-1-picrylhy-
drazyl (DPPH) into 2,2-diphenyl-1-picrylhydrazine (DPPH-H) and
altered the color as pale-yellowish. These color changes were monitored
through spectrophotometer analysis. The dose-dependent antioxidant
activity was 62.17% at 1000 pg mL~! concentration, and however, it
was considerably lower than the DPPH radicals scavenging activity of
positive control (Fig. 5a and b). The phenolic components that capped
the CoNPs possess might be responsible for their antioxidant potential
by donating the H" and binding with free radicals to scavenge them
(Rehana et al., 2017). The Sageretia thea aqueous leaf extract synthesized
CoNPs possess considerable DPPH free radicals scavenging activity
(Khalil et al., 2020). Similarly, the Hibiscus rosasinensis aqueous leaf
extract synthesized CoNPs was reported to have remarkable antioxidant
activity against various forms of free radicals (Kainat et al., 2021).
Interestingly, another report suggested that the leaf extract
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Fig. 5. DPPH free radicals scavenging activity of CoNPs. (a) Mean absor-
bance of CoNPs (b) DPPH scavenging activity (%).
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Cadiospermum halicacebium synthesized CoNPs could scavenge different
forms of free radicals (Malathy and Revathi, 2021).

3.4.2. Hydroxyl scavenging assay

The OP aqueous extract synthesized CoNPs showed considerable free
radicals scavenging activity comparable with positive control. Further-
more, the obtained results revealed that the synthesized CoNPs possess
dose-dependent hydroxyl (OH ™) radicals scavenging activity as 72.18%
at 1000 pg mL ™! concentration, and it was partially comparable with the
hydroxyl radical scavenging potential of similar concentration of stan-
dard antioxidant agents (88.31%) (Fig. 6a and b). This scavenging po-
tential was comparably significant for the partial pure for test
nanoparticles. The flavonoids and other phenolic compounds that coat
the surface of nanoparticles play an important role in hydroxyl radical
scavenging (Sathishkumar et al., 2016).

A most responsive oxygen-centered species seems to be the OH!
radical that also causes serious damage to surrounding biomolecules.
The activity of OH radical scavenging was determined by producing
hydroxyl radicals with ascorbic acid-iron EDTA (Pavithra and Vadi-
vukkarasi, 2015). The fruit extract synthesized and carbon blended
CoNPs were reported to possess remarkable hydroxyl radicals scav-
enging activity and increased concentration (Song et al., 2019).

3.4.3. H30; scavenging and FRAP assays

The aqueous extract of OP mediated CoNPs showed moderate HyO»
radicals scavenging activity, which was dose-dependent. Since at
increased concentrations (1000 pg mL™!), the CoNPs scavenged the
H20; up to 55.78%, and this was comparatively lower than the HyO5
scavenging potential of standard (71.36%) (Fig. 7a and b). These results
suggest that the bioactive compounds from OP extract involved in the
capping and stabilizing activity on CoNPs synthesis possess the lowest
H»0, scavenging activity compared to other forms of free radicals. Ac-
cording to the authors’ knowledge, this is the first report about the H,O4
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S 08 1
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Fig. 6. Hydroxyl radicals scavenging activity of CoNPs. (a) Mean absor-
bance of CoNPs (b) Hydroxyl scavenging activity (%).
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Fig. 7. H,0, radicals scavenging activity of CoNPs. (a) Mean absorbance of
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scavenging potential of CoNPs synthesized from OP aqueous extract.
Accordingly, the CoNPs synthesized through the electrochemical pro-
cess showed considerable HyO5 radical scavenging activity (Kamal et al.,
2020). There is no adequate report about the HoO, radicals scavenging
potential of CoNPs mediated through plant extracts. Some particular
molecules (synthetic form) conjugated nanoparticles showed consider-
able Hy0, radicals scavenging activity. For example, the BSA blended
(conjugated) MnO, nanoparticles demonstrated remarkable H3O,
scavenging activity (Pardhiya et al., 2020). The OP-mediated CoNPs
effectively reduced the ferric (Fe+3) into ferrous (Fe+2) in the existence
of TPTZ and formed strong blue Fe*? — TPTZ complex color formation.
At a concentration of 1000 pg mL™}, the OP aqueous extract mediated
CoNPs effectively reduced the ferric into ferrous up to 76.18%. It was
almost comparable with the ferric reducing competence of the standard
(84.32%) (Fig. 8a and b). It is the novel report about the ferric reducing
potential of CoNPs synthesized by aqueous extract of OP as per the au-
thor’s knowledge. The bioactive compounds capped on CoNPs can act as
a hydrogen donor, breaking down the free radical chain and converting
ferric to ferrous (Zhou et al., 2020). Under slightly acidic conditions, the
phenolic acids, polyphenolics, flavonoids, and other compounds (Salari
et al., 2019) found in plant extracts used in the capping and fabrication
of CoNPs may effectively reduce ferric to ferrous (Veisi et al., 2021).
Furthermore, the ferric reducing percentage was proportional to the
quantity (Messaoud et al., 2012) and quality of ferric reducing phyto-
chemicals, as well as the reaction time.

4. Conclusion

The phytochemicals in the aqueous extract of OP can effectively
fabricate CoNPs from 1 M Co(NOg3),. The OP-mediated CoNPs were
successfully characterized using UV-vis spectrophotometer, FTIR, DLS,
and SEM analyses. Fortunately, at higher concentrations (200 pg mL™1),
the OP-mediated CoNPs have significant antimicrobial activity against
E. coli, S. aureus, B. subtilis, K. pneumoniae, and A. niger. Surprisingly,
these CoNPs have important in-vitro free radical scavenging activity
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against various free - radicals (DPPH, OH, H205, and Ferric compounds).
These findings strongly suggest that the OP aqueous extract-mediated
CoNPs may be significant for a wide range of biomedical applications
after the in-vivo study results.
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