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ABSTRACT: Synthesizing nanoparticles with high antioxidant capacity through green routes is critical for creating biocompatible
antioxidants. This present study investigated the free-radical scavenging potential of cobalt nanoparticles (CoNPs) synthesized from
Ipomoea batatas leaf extract. Air-dried leaf powder was macerated separately with distilled water and ethanol for 48 h, respectively.
The filtrates were lyophilized to give aqueous and ethanol extracts. Total phenolic, flavonoid and tannin contents were quantified
on both extracts, followed by DPPH scavenging assay. The ethanol extract that exhibited higher activity was utilized in the synthesis
of CoNPs. The NPs were characterized via UV, Fourier transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), and
scanning electron microscopy (SEM-EDX) analysis. The results showed that the ethanol extract demonstrated higher DPPH
scavenging activity (ICsp 66.49 pg/ml) than aqueous extract (ICso: 641.35 pg/ml) and CoNPs (ICso: 175.18 pg/ml). The CoNPs also
competed favorably with ascorbic acid for ferric reducing potential. UV absorption peak was observed at 220 nm, corresponding to
the surface plasmon resonance of CoNPs. The FT-IR showed characteristic peaks at <800 cm™ which is characteristic of cobalt
oxide bond. The XRD and SEM-EDX analyses showed that the CoNPs were nanocrystalline, spherical, and well-dispersed with an
average size of 17-22 nm. The study concludes that the synthesized CoNPs exhibited significant in vitro antioxidant potential which
could be further explored for in vivo antioxidant potential.
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1.0 INTRODUCTION

Endogenous antioxidant compounds have been thoroughly documented for their ability to neutralize free radicals, reduce lipid
peroxidation and suppress the risk of oxidative stress [1,2]. Although free radicals, such as hydroxyl (-OH), superoxide anion (O™
), and peroxyl (ROO") radicals, are part of normal body metabolism, their overproduction usually leads to oxidative stress and
oxidative damage [3-6]. Oxidative stress has also been linked to the pathogenesis of chronic conditions, including rheumatoid
arthritis, diabetes, atherosclerosis, chronic kidney disease, cardiovascular disease, and neurological degenerative [2,7,8]. As such,
there is a growing need to explore different medicinal plants and nanoparticles with high antioxidant capacity to scavenge the free
radicals and attenuate oxidative damage.

In recent years, scientists have focused their research on the preparation of metal nanoparticles (NPs) from medicinal plants due to
their high sensitivity, small size (<100 nm), low cost and effectiveness in scavenging harmful free radicals [9 - 11]. Earlier findings
showed that NPs were initially produced using cost-intensive techniques and several hazardous chemicals which pose adverse effects
on the environment. These limitations have been overcome by the use of green synthesis approach which is eco-friendly, non-toxic
and the synthesis can easily be upscaled [12-14]. NPs have reportedly been utilized in healthcare industries for drug delivery, new
drug formulations, disease diagnosis and treatment [15,16].

Cobalt nanoparticles (CoNPs) are NPs synthesized from medicinal plants. Cobalt is an essential trace element and an integral part
of vitamin B12. It is required for the formation of red blood cells and as such, is useful in the treatment of anemia [17]. Studies have
shown that CoNPs are nontoxic at low concentrations in the biological systems and have strong inhibitory activities against bacteria,
fungi and viruses [17-20]. In addition, CoNPs have been documented to exhibit anti-cancer, anti-oxidant, anti-diabetic, and cytotoxic
properties, making them suitable for biomedical research [10,17,21,22].

Ipomoea batatas (Family: Convolvulaceae) is a major staple food widely available in different parts of Africa including Nigeria
although the plant originates from America [23,24]. It is very easy to cultivate using the stem and is harvested several times during
the year [25]. Studies showed that /. batatas is a rich source of essential elements (copper, iron, potassium and manganese), vitamins,
carbohydrates and dietary fibers [26]. In Southern Nigeria, the leaves are consumed as vegetables in soups. The leaves are also
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believed to boost human health and prevent diseases [25,27]. Previous studies also showed I. batatas extracts contain flavonoids,
alkaloids, terpenoids, saponins and tannins which have been documented to elicit anti-oxidant, anti-microbial, anti-hypertensive,
anti-inflammatory, anti-diabetic and anti-anemic properrties [25,27-29]. In addition, the phytochemicals have been reported to act
as oxygen quenchers, hydrogen donors, reducing and stabilizing agents. The reduction of metal ions by these substances within the
plant extracts leads to the formation of several nanomaterials [17, 30]. However, there is paucity of scientific information on the in
vitro antioxidant property of 1. batatas leaf NPs. Therefore, the current study aims to synthesize CoNPs using /. batatas leaf extracts
and investigate its ability to scavenge free radicals.

2.0 MATERIALS AND METHODS

2.1 Collection and Preparation of Plant materials

The leaves of I. batatas were collected from a homestead garden in Sokoto, washed with distilled water, air-dried and ground with
an electric blender. The pulverized leaf powder (100 g) was macerated separately in 1 L of distilled water and absolute ethanol for
48 h at room temperature (25 + 2 °C). These were filtered, lyophilized, and stored at 4°C until further use.

2.2 Quantitative phytochemical Analysis

2.2.1 Estimation of Phenolic Content

The total phenolic content was determined as described [31]. A 200 pL of the aqueous and ethanol extracts were separately mixed
with 1.5 mL of 10% Folin-Ciocalteu reagent (FCR). After 5 min of incubation in the dark, 1.5 mL of 5% Na,CO; was added and
vortexed. The mixture was allowed to stand for 2 h in the dark. The optical density was measured at 750 nm on a UV-Vis
spectrophotometer. Results were expressed as milligrams of gallic acid equivalent (mgGAE) per g of the extract. The calibration
curve was prepared at various concentrations 5, 10, 25, 50, 75, 100, 125, and 150 pg/mL made from 1 mg/mL of gallic acid. The
assay was performed in triplicates.

2.2.2  Estimation of Flavonoid Content

The flavonoid content was determined using the aluminum chloride colorimetric method [31]. Briefly, 1 mL of the extract was
added to 0.3 mL of 5% sodium nitrite. This was allowed to stand for 5 min in the dark. After which 0.3 mL of 10% aluminum
chloride was added. This was mixed and the solution was incubated for another 5 min. Then, 2 mL of NaOH (1 M) was carefully
introduced and the solution allowed to stay in the dark for 10 min, at ambient temperature. The absorbance was read at 510 nm. The
calibration curve was prepared at various concentrations 5, 10, 25, 50, 75, 100, 125, and 150 pg/mL made from 1 mg/mL of
quercetin. The total flavonoid content was expressed as milligrams of quercetin equivalent per g of extract (mgQE/g).

2.2.3. Estimation of Tannin Content

The tannin content was quantified using the spectrophotometric method [31]. A volume of 100 pL of the extract was mixed with
distilled water (7.5 mL), 0.5 mL of 10% (v/v) FCR, and 1 mL of 35% Na>COj solution. The mixture was allowed to stand for 10
min at room temperature. Then, the absorbance was read at 725 nm on a UV-Vis spectrophotometer. The calibration curve was
prepared at various concentrations 5, 10, 25, 50, 75, 100, 125, and 150 pg/mL made from 1 mg/mL of gallic acid. Results were
expressed as milligrams of gallic acid per g of extract.

2.3 Antioxidant Assays

2.3.1 DPPH Scavenging Activity

This assay was performed as reported [31]. Briefly, 0.3 mM DPPH radical solution was prepared in methanol. Then, 1 mL of the
extract or CoONPs was added to 2 mL of DPPH solution in triplicates. The reaction mixture was vortexed and incubated in the dark
for 30 min and the absorbance was read at 517 nm. The same procedure was repeated for gallic acid standard at concentrations of

5, 10, 20, 40, 80, 160, and 320 pg/mL. Thereafter, the percentage inhibition of DPPH radical was calculated as follows:
Abs of control — Abs of extract/standard

%%, Inhibiti DPPH ical = X1
% Inhibition of radical Abs of control 00

2.3.2  Ferric Reducing Antioxidant Power (FRAP) Test

The ferric reducing antioxidant power of the test samples was determined based on standard method [32]. To 0.5 ml of the ascorbic
acid or CoNPs (0.2 — 1.0 mg/mL) was added 1.25 mL of 0.2 M phosphate buffer (pH 6.6) and 1.25 mL of 1% potassium ferricyanide.
These were thoroughly mixed and incubated at 50°C for 30 min. Thereafter, 1.25 mL of 10% trichloroacetic acid was added and the
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mixture was centrifuged at 3000 rpm for 10 min. The supernatant was separated and 0.625 mL of the supernatant was mixed with
0.625 mL of distilled water and 0.125 mL of 0.1% FeCls. The absorbance was measured at 700 nm against blank. The experiment
was performed in triplicate.

2.4 Green synthesis of cobalt nanoparticles (CoNPs) from 1. batatas

The cobalt NPs were synthesized from the ethanol leaf extract of /. batatas as described by Malathy and Revathi [22]. Briefly, 100
mL of 1% cobalt nitrate solution was mixed with 10 mL of . batatas ethanol leaf extract on a magnetic stirrer at 50 °C for 30 min.
The color of the solution changed from pink to dark brown indicating the formation of CoNPs. Thereafter, the CoNP was centrifuged
and the pellet was oven dried at 50°C. The dried sample was kept in a desiccator until when used.

2.5 Characterization of CoNPs

2.5.1 UV Spectroscopic Method

The CoNP was characterized on a UV-Visible spectrophotometer (Model ASUV-6300PC) at various wavelengths 200 -1000 nm.
An aliquot of the sample was dissolved in methanol and filtered. The absorbance of the filtrate was scanned at various wavelengths
(200 -1000 nm) using the quartz cuvette for maximum absorption.

2.5.2 X-Ray Diffraction (XRD) Analysis

The XRD analysis was performed to determine the crystalline structure of the CoNPs. The analysis was performed on Rigaku
MiniFlex 6G, 300/600 diffractometer equipped with Rigaku SmartLab software, operated at 40 kV and 15 mA with Cu Ko radiation
(A =0.15406 nm). The diffraction data were collected over a 26 range of 3-90° with a step size of 0.01°.

2.5.3 Fourier transform infrared spectroscopy (FT-IR)

The FT-IR analysis was conducted to identify the various functional groups in the CoNPs using an Agilent Cary 630 FT-IR
spectrometer. The system utilized a high-emission infrared radiation source in transmittance mode, with signals collected within the
range of 4000-650 cm™'. The sample spectra were acquired and processed using MicroLab software.

2.5.4 SEM-EDX Analysis

For morphological and elemental characterization, the sample was mounted on stubs with adhesive carbon tape and coated with 20
nm of carbon using a Quorum Q150R ES mini sputter coater. The prepared sample was then analyzed with a Phenom PRO-X SEM,
equipped with an Oxford XMax 50 Silicon Drift Energy Dispersive X-ray (EDX) detector. The analysis was performed at an
accelerating voltage of 15 kV under high vacuum conditions.

2.6 Statistical Analysis

Results were expressed as the mean + standard error of the mean (SEM). Statistical analysis was performed using GraphPad Prism
(version 10.0). Comparisons between groups were analyzed using Student’s t-test or one-way analysis of variance (ANOVA),
followed by appropriate post-hoc tests where applicable. A p-value of p < 0.05 was considered statistically significant.

3.0 RESULTS

3.1 Phytochemical analysis

The quantitative analysis of the phytocompounds in /. batatas revealed the ethanol extract contained significant (p<0.05) amounts
of of phenols and flavonoids compared to the aqueous extract (Table 1).

Table 1: Results of quantitative phytocompounds of I. batatas aqueous and ethanol leaves extracts

Aqueous extract Ethanol extract

Phenolics 20.98 +£3.34 187.68 + 10.97***

(mgGAE/g of extract)

Flavonoids 52.45+3.19 209.45 + 15.39%%**

(mgQE/g of extract)

Tannin 41.58+£3.29 77.14 + 7.38*

(mgGAE/g of extract)
Values are mean + SEM (n = 3). The superscript (*) indicate values that are significantly (p < 0.05) different for each phytochemical.
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3.2 DPPH Scavenging Activity

The ethanol extract of 1. batatas significantly (p<0.05) scavenged the DPPH radicals (ICso: 66.49 png/ml) than the CoNPs (ICso:
175.18 pg/ml) and the aqueous extract (ICso: 641.35 ug/ml). However, both the extracts and the CoNPs were found to be
significantly weaker than the gallic acid standard (ICsp: 0.018 pg/ml) as shown in Figure 1.

33 FRAP
The CoNPs also elicited ferric reducing antioxidant potential and competed effectively with ascorbic acid standard. As shown in
Figure 2, as the concentration increased, the absorbance also increased.
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Fig 1: DPPH radical scavenging ability of 1. batatas extracts and its cobalt nanoparticle. Data are mean + SEM of triplicate
determinations. The error bars are 5% of the mean values.
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Figure 2: Ferric reducing antioxidant potential of cobalt nanoparticle synthesized from I batatas and the reference
standard (ascorbic acid). Data are mean + SEM of triplicate determinations. The error bars are 5% of the mean values.
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33 UV Absorption Spectrum of CoNPs

The Figure 3 showed the UV absorption spectrum of the CoNPs at 200 — 1000 nm. The absorption spectrum (Figure 3) exhibited a
distinct maximum absorption peak at approximately 220 nm, characteristic of the surface plasmon resonance of cobalt nanoparticles
synthesized via green routes. Following the primary peak at 220 nm, there was a steady decline in absorbance as the wavelength
increased toward the visible and near-infrared (NIR) regions (400 - 1000 nm). The absence of broad, messy peaks in the visible
range suggests that the sample is relatively homogeneous and free from large, irregular aggregates that would typically cause
scattering at higher wavelengths. Therefore, the smooth decline in absorbance throughout the visible spectrum suggested stability
of the nanoparticles. Furthermore, the sharp peak in the shorter wavelength region of the spectrum indicated the presence of capping
agents (like phenolics) and the successful formation of very small, fine nanoparticles.

Figure 3: UV-Visible absorption spectrum of synthesized cobalt nanoparticles (CoNPs).

The UV-Vis spectrum shows the characteristic optical properties of the CoNPs synthesized via the green route. A prominent
absorption peak was observed at 220 nm, corresponding to the surface plasmon resonance (SPR) of the cobalt nanoparticles. The
sharp nature of the peak suggests a narrow size distribution, while the absence of significant secondary peaks at higher wavelengths
indicates the stability of the colloidal suspension and the successful role of plant-derived biomolecules as capping and stabilizing
agents.

34 X-Ray Diffraction

The crystalline structure and phase purity of the green-synthesized CoNPs were analyzed using XRD, as shown in Figure 4. The
diffractogram exhibited a series of well-defined Bragg reflections at 2 6 values of 17.57°, 20.79°, 25.89°, 30.09°, 34.32°, 44.36°,
52.12°, and 54.56°. The corresponding interplanar spacings (d-values), calculated using Bragg’s law, range from 5.05 A to 1.68 A.
All diffraction peaks exhibited significant broadening, with Full Width at Half Maximum (FWHM) values ranging between 0.38°
to 0.46°. This peak broadening is characteristic of small crystallite sizes and limited long-range structural order within the
nanoparticles. The average crystallite size, estimated using the Scherrer equation from the primary diffraction peaks, was
approximately 22 nm (range: 18-23 nm), confirming the nanocrystalline nature of the synthesized material.
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Fig 4: XRD pattern of synthesized CoNPs from 1. batatas ethanol leaf extract.

3.5 FT-IR Absorption Spectrum

The FTIR analysis was employed to identify the biomolecules involved in the capping and stabilization of the synthesized cobalt
nanoparticles as shown in Figure 5. The FTIR spectrum exhibited several characteristic absorption bands corresponding to
oxygenated and hydrocarbon-based functional groups. A broad, intense absorption band observed between 3362 and 3229 cm™ was
attributed to O-H stretching vibrations, indicating the presence of hydroxyl-containing compounds such as alcohols or phenolics.
The absorption band at 1619 cm™ is assigned to C=C aromatic skeletal vibrations or C=O (Amide I) stretching, suggesting the
presence of aromatic compounds or proteins. The absence of a strong absorption band in the 1700—1750 cm™ region suggested that
free carbonyl-containing functional groups, such as esters or ketones were minimal. A prominent band at 1036 cm ™' corresponds to
C-O stretching vibrations, which further supported the presence of alcohols or phenolic compounds and the oxygenated nature of
the sample. In the fingerprint region, absorption bands at 910 cm™ and 743 cm™! were linked to out-of-plane C-H bending vibrations,
typical of substituted aromatic rings. Additionally, the peaks in the lower frequency region (<800 cm™) could likely be associated
with Co-O metal-oxygen bonds, confirming the successful formation of cobalt-based nanostructures.
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Fig 5: FT-IR spectrum of CoNPs synthesized from 1. batatas extract
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3.6 Surface Morphological Analysis of CoNPs (SEM-EDX)

The surface topography and morphological features of the synthesized cobalt nanoparticles (20 nm scale) were investigated using
scanning electron microscopy (SEM) (Figure 6a). The micrograph showed that the nanoparticles possessed a spherical morphology
with a uniform and smooth surface. The particles appear well-dispersed, which suggests that the bio-organic capping agents
effectively reduced surface energy and prevented significant agglomeration. Measurement of individual particles yielded sizes of
~17.3 nm, which was consistent with (22 nm nanocrystalline domains estimated from the XRD data.

- - -

,‘A

& '
F ool 95

Fig 6a: TEM at 20nm of cobalt nanoparticle synthes1zed from I batatas

At 50 nm scale bar (Figure 6b), the cobalt nanoparticles were relatively well dispersed. Particle size measurements showed an
average diameter of ~15-17 nm. At the 100 nm scale bar (Figure 6¢), the cobalt nanoparticles appeared larger and more clearly
defined compared to the lower magnification images. Instead of showing several tiny individual particles, some of the nanoparticles
seemed to form small clusters. The observed size ranged between ~38 and 50 nm.

l ”'1

,
<l
& ™
Fig 6b: TEM at S0nm of cobalt nanoparticle from I batatas

The SEM micrographs (Figure 7b) revealed the presence of a heterogeneous particulate surface composed of clustered, sphere-like
features distributed across the substrate. At lower magnification (360x, 200 um scale bar), the surface appeared discontinuous
particle-rich domains with bright contrast regions corresponding to cobalt-containing material. These regions suggested that the
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nanoparticles were not completely isolated but instead formed interconnected assemblies. This morphology could be an indication
of the presence of nanoparticles forming compact clusters.

Fig 7a: SEM at 360x of cobalt nanoparticle from I batatas

At higher magnification (1500%; 50 um scale bar), the clustered morphology became more visible (Figure 7c). Dense agglomerates
with rough surface textures were visible. Individual primary nanoparticles were not fully resolved at this magnification. However,
the nodular surface structure confirmed that smaller particles were assembled into larger micro-scale aggregates.

Fig 7b: SEM at 500x of cobalt nanoparticle from 1. batatas
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Fig 7¢: SEM at 1500X of cobalt nanoparticle from I batatas

4.0 DISCUSSION

The extracts' capacity to scavenge free radicals could be attributed to the presence of phytoconstituents. This study demonstrated
that the ethanol extract contained significant phytochemicals, including phenols, flavonoids and tannins. Studies have shown that
flavonoids, phenols, and tannins are polyphenolic compounds with potent antioxidant properties as metal chelating and reducing
agents, singlet oxygen quenchers, and donors of hydrogen or electrons [13,33,34].

This study has shown that the synthesized CoNPs were effective at scavenging DPPH radicals and reducing of ferric (Fe*) to ferrous
(Fe?") ions. Previous studies reported that increase in absorbance at 700 nm equals to increase in the reducing power of the extract
or herbal preparation [35-37]. The observation in this study suggested that the CoNPs from /. batatas could serve as a potential
antioxidant to protect against oxidative stress-related conditions [38-39].

The optical properties of the synthesized CoNPs, as characterized by UV-Vis spectroscopy, provided a significant insight into the
formation and stability of the nanoparticles. The emergence of a distinct peak at 220 nm was a hallmark of metallic cobalt
nanostructures in a colloidal state. This sharp resonance in the UV region was consistent with the presence of very small, fine
nanoparticles, which is further corroborated by the average crystallite size of 22 nm derived from the XRD data.

The steady, monotonic decline in absorbance from 400 to 1000 nm, combined with the absence of broad absorption bands in the
visible spectrum, indicated a high degree of sample homogeneity. In nanoparticle synthesis, the lack of secondary peaks at higher
wavelengths is a critical indicator that the system is free from large, irregular aggregates or polydispersed clusters that typically
induce Mie scattering.

Furthermore, the stability of the colloidal suspension could be attributed to efficient capping effect of phytoconstituents, such as
phenolics and flavonoids. As indicated by the FTIR results, these oxygenated biomolecules form a protective layer around the cobalt
nuclei, reducing the surface energy and preventing agglomeration. This synergistic relationship between the small particle size
observed at 220 nm and the stabilizing matrix of the extract underscored the efficiency of the green synthesis approach. Previous
findings maximum absorption peak for CoNPs at 300 nm [40,41], possibly due to the nature of the constituents and functional
groups present.

The XRD diffractogram confirmed the crystalline nature of the green-synthesized CoNPs, showing well-defined Bragg reflections.
The calculated d-spacings (5.05-1.68 A) and significant peak broadening were characteristic of nanocrystalline structures with
limited long-range order. Using the Scherrer equation, the average crystallite size was estimated at 22 nm. This small particle size
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is significant for biological applications, as the resulting high surface-area-to-volume ratio typically enhances the bioavailability
and therapeutic efficacy of the nanoparticles, correlating well with the results obtained from UV-Vis and SEM analyses [13, 40-42].
Peaks observed between 20° and 35° 20 reflect short-range molecular ordering, while the gradual reduction in peak intensity at
higher angles was an indication for an increasing disorder at smaller lattice spacings. The broad amorphous background observed
across the diffractogram confirmed that a significant fraction of the material lacked long-range order. This behavior is typical of
organic materials and reaction products, where partial crystallization occurs within an amorphous matrix.

FTIR analysis identified the specific functional groups responsible for the reduction and stabilization of the CoNPs. The broad band
at 3362—-3229 cm™! (O-H stretching) and the peak at 1619 cm™ (C=C aromatic or C=0 amide stretching) confirmed that polyphenols
and proteins from the /. batata extract were the primary capping agents [40,42]. The absence of peaks in the 17001750 cm™ range
indicated a lack of free carbonyls, suggesting these groups were actively involved in the stabilization process [43,44]. Furthermore,
the prominent 1036 cm™ (C-O stretching) and fingerprint peaks at 910—743 cm™ verify the presence of a robust organic matrix.
Crucially, the peaks below 800 cm™ were attributed to Co-O metal-oxygen bonds, confirming the successful transition from plant-
derived precursors to cobalt-based nanostructures. This organic coating not only prevents agglomeration but also likely enhanced
the biocompatibility of the particles for pharmacological use.

The surface morphology and topography of the CoNPs were further elucidated via SEM analysis which revealed predominantly
spherical particles with smooth, uniform surfaces. The high degree of dispersion observed in the micrographs suggested that the
bio-organic capping agents identified in the FTIR analysis effectively reduced the surface energy, thereby preventing significant
agglomeration. Individual particle measurements yielded a size of approximately 17.3 nm, which is in close agreement with the 22
nm nanocrystalline domains estimated from the XRD data. This consistency across multiple characterization techniques robustly
confirmed the successful synthesis of stable, monodispersed cobalt nanostructures with a high surface-area-to-volume ratio
[13,40,44,45,46].

5.0 CONCLUSION

This study successfully demonstrated the green synthesis of cobalt nanoparticles (CoNPs) using Ipomoea batatas leaf extract as a
sustainable reducing and stabilizing agent. Comprehensive characterization revealed that the CoNPs were nanocrystalline,
predominantly spherical, and well-dispersed with an average size of 17-22 nm. The presence of a bio-organic capping matrix,
confirmed by FTIR, effectively stabilized the nanoparticles and prevented significant agglomeration. Furthermore, the synthesized
CoNPs exhibited considerable antioxidant potential in vitro, suggesting their promise as therapeutic agents. These findings provide
a strong foundation for future in vivo studies to evaluate their efficacy against oxidative stress-related and inflammatory diseases.
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