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Abstract—The growing demand for sustainable 

nanomaterials has intensified interest in green synthesis 

routes utilizing plant-derived biomolecules as reducing and 

stabilizing agents. This study reports, for the first time, the 

biosynthesis of nickel oxide nanoparticles (NiO NPs) using 

Microtrichia perotitii DC leaf extract, a medicinal plant rich 

in bioactive phytochemicals including flavonoids, alkaloids, 

tannins, phenolics, and saponins. Nickel (II) chloride 

hexahydrate served as the metal precursor, while the 

phytochemicals facilitated both nanoparticle formation and 

stabilization. The synthesized NiO NPs were 

comprehensively characterized using UV-visible 

spectroscopy, Fourier-transform infrared spectroscopy 

(FTIR), X-ray diffraction (XRD), scanning electron 

microscopy (SEM) with energy-dispersive X-ray 

spectroscopy (EDX), and thermogravimetry/differential 

thermal analysis (TG/DTA). XRD analysis confirmed the 

formation of crystalline nanoparticles with an average 

crystallite size of 24 nm and a cubic bunsenite phase. FTIR 

spectroscopy revealed a characteristic Ni-O stretching 

vibration at 651 cm⁻¹, confirming successful NiO formation. 

SEM imaging showed irregular, agglomerated 

nanostructures, while TG/DTA analysis demonstrated good 

thermal stability with major decomposition occurring at 

473°C, attributed to the removal of phytochemical residues. 

Antibacterial assays demonstrated strong inhibitory effects 

of the biosynthesized NiO NPs, particularly against Gram-

positive bacteria, including Bacillus subtilis (18.8 ± 0.6 mm) 

and Staphylococcus aureus (19.6 ± 0.4 mm) at 100 µg/mL 

concentration. Although the activity was slightly lower than 

ciprofloxacin (5 µg/disc: 22.4 ± 0.5 mm and 23.1 ± 0.43 mm, 

respectively), it indicates significant antibacterial potential. 

Gram-negative strains exhibited comparatively lower 

sensitivity, likely due to their protective outer membrane 

barrier. This first report of M. perotitii-mediated NiO NP 

synthesis highlights the untapped potential of this indigenous 

West African plant for eco-friendly nanomaterial production 

and demonstrates the applicability of these nanoparticles in 

biomedical and environmental applications. 

 Keywords—Green synthesis, Nickel Oxide, Nanoparticles, 

Microtrichia perotitii DC, Characterization. 

I. INTRODUCTION 

Nanoparticles have special physicochemical 

characteristics that have gained a lot of attention due to 

their surface area-to-volume ratio, tunable morphology, 

and unique optical, magnetic, and catalytic behaviors. 

Because of these properties, NPs can be used in a variety 

of fields, including biomedicine, environmental 

remediation, energy storage, and catalysis [1–3]. 

For the production of nanoparticles, traditional 

synthesis techniques like hydrothermal, sol–gel, 

microemulsion, electrospray, and laser ablation methods 

have been extensively used [4, 5]. However, there are 

issues with cytotoxicity and the environment because 

these physicochemical methods are frequently expensive, 

energy-intensive, and dependent on hazardous chemicals 

[6]. 

Green nanotechnology, on the other hand, has 

become a viable and environmentally beneficial substitute 

by using biological organisms like bacteria, fungi, algae, 

and plants as natural reducing and stabilizing agents [7–

9]. The presence of phytochemicals (such as phenolics, 

flavonoids, alkaloids, tannins, and terpenoids) that act as 

bioreductants and capping agents, as well as its simplicity, 

affordability, and scalability, make plant-mediated 

synthesis stand out among these biological systems [10, 

11]. Because these biomolecules improve the stability and 

biocompatibility of nanoparticles, plant-derived NPs hold 

great promise for use in environmental and biomedical 

applications. 

The remarkable chemical stability, wide bandgap, high 

coercivity, magnetocrystalline anisotropy, large specific 

capacitance, and electrochemical durability of nickel 

oxide nanoparticles (NiO NPs) make them particularly 

interesting [12]. As a result, NiO NPs have been used in 

dye-sensitized solar cells, electrochemical sensors, 

supercapacitors, and catalysis [13–15]. The significance of 

creating sustainable synthesis pathways for these 
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multipurpose nanomaterials is further highlighted by the 

diverse biological properties of biologically synthesized 

NiO NPs, which include antioxidant, antibacterial, 

antifungal, anticancer, and enzyme inhibitory activities. 

West African nations like Nigeria, Senegal, 

Guinea, Sierra Leone, Ivory Coast, and Ghana are home to 

the medicinal plant Microtrichia perotitii DC, which is a 

member of the Asteraceae family [16]. The presence of 

bioactive substances such as flavonoids, alkaloids, 

tannins, phenolics, and saponins has been verified by 

phytochemical studies. Because of its analgesic, anti-

inflammatory, and antidiarrheal qualities, M. perotitii DC 

has been used historically [16]. Its use in the biosynthesis 

of NiO NPs has not yet been documented, despite its rich 

phytochemical composition. 

A number of plant species have been investigated in the 

past for the environmentally friendly synthesis of NiO 

NPs. For instance, when examined by XRD, SEM, TGA, 

DSC, and FTIR analyses, NiO NPs made with leaf extract 

from Acacia nilotica demonstrated exceptional 

electrochemical and antibacterial qualities [17]. Similarly, 

it was confirmed that NiO NPs mediated by Vernonia 

amygdalina leaf extract had a bunsenite phase with an 

average crystallite size of 17.86 nm, octahedral 

morphology, and a noticeable Ni–O stretching vibration at 

1094.8 cm⁻¹ [18]. 

Nevertheless, it is still unclear how the 

phytochemical makeup of M. perotitii DC affects the 

nucleation, reduction, and stabilization of NiO NPs. We 

speculate that M. perotitii DC's phytoconstituents can 

efficiently convert nickel ions to NiO NPs while 

enhancing particle stability and biological activity because 

of the plant's high concentration of phenolic and flavonoid 

compounds. 

As far as we are aware, this work is the first to describe 

the environmentally friendly synthesis of NiO NPs using 

leaf extract from M. perotitii DC. The structural, optical, 

and morphological characteristics of the produced 

nanoparticles were thoroughly described, and a systematic 

assessment of their antibacterial activity against both 

Gram-positive and Gram-negative pathogens was 

conducted. This study presents M. perotitii DC as a novel 

bio-resource for the synthesis of environmentally friendly 

nanomaterials, offering insights into the phytochemical-

assisted bioreduction mechanism of the plant and laying 

the groundwork for a sustainable process for creating 

biocompatible NiO NPs with potential uses in the 

environment and in medicine. 

II. MATERIALS AND METHODS. 

A. Chemicals and Reagents 

The materials used in this study included nickel 

(II) chloride hexahydrate, absolute ethanol, sodium 

hydroxide, phosphate buffer, sulfuric acid, nitric acid, 

chloroform, Wagner’s solution, ferric chloride salts, 

concentrated HCl, ascorbic acid, deionized distilled water, 

and M. perotitii DC leaf. All chemicals and reagents were 

of analytical grade. 

B. Preparation of M. perotitii DC Leaf Extract 

The M. perotitii DC utilized in the current study 

were rinsed with sterile distilled water to eliminate any 

related dirt. The M. perotitii DC plant was air-dried for 

one week. The M. perotitii DC plant was ground using a 

pestle and mortar. The plan (20 g) was mixed in 100 ml of 

distilled water and ethanol in a ratio of 50:50, then 

incubated at room temperature for 24 hours [19]. 

Following the incubation period, the resulting infusion 

was properly filtered with Whatmann No. 1 filter paper 

and used for antibacterial tests. 

C. Qualitative Phytochemical Screening of M. perotitii 

DC Extract 

Qualitative phytochemical screening was 

performed to identify the presence of major secondary 

metabolites known to play crucial roles in nanoparticle 

biosynthesis. Five key phytochemical groups flavonoids, 

alkaloids, saponins, tannins, and phenolic compounds 

were specifically targeted because these biomolecules 

possess reducing and capping properties essential for 

green synthesis of metal oxide nanoparticles [20, 21]. 

Flavonoids and phenolic compounds contain hydroxyl 

groups that act as electron donors for metal ion reduction, 

while alkaloids, tannins, and saponins serve as stabilizing 

and capping agents that prevent excessive nanoparticle 

aggregation [10, 11]. These five classes represent the most 

bioactive constituents reported in M. perotitii and other 

Asteraceae family plants [16]. Standard qualitative tests 

were employed as described in previous phytochemical 

studies [20, 21]. 

TEST FOR FLAVONOIDS. (Alkaline Reagent Test) The 

extract (1 mL) was treated with 5 mL of NaOH. The 

presence of flavonoids was confirmed by the formation of 

the intense yellow color. 

TEST FOR ALKALOIDS (Wagner’s Test) The solvent extract 

(1 mL) was acidified with 1 mL of 1.5% v/v of HCl, and 1 

mL of Wagner’s reagent was added. The occurrence of 

alkaloids was indicated by the formation of yellow and/or 

brown precipitates. 

TEST FOR SAPONINS (Frothing Test): About 1 mL of the 

extract was diluted separately with 20 mL of distilled 

water and was shaken in a graduated cylinder for 15 min. 

A 1 cm layer of foam was formed, which indicates the 

presence of saponins. 

TEST FOR TANNINS AND PHENOLIC COMPOUNDS (ferric 

chloride test), the extract (1 mL) was treated with a few 

mL of 5% neutral ferric chloride. The formation of a dark 

blue and/or bluish-black colored product showed the 

presence of tannins and phenol. 

D. Preparation of NiO NPs using M. perotitii DC plant 

extract  

The synthesis procedure was adapted from the 

method previously described by [22]. Nickel (II) chloride 



 

162 

 

hexahydrate (NiCl₂·6H₂O) served as the precursor. 

(NiCl₂•6H₂O) (80 mL, 0.1 M) was measured and 

combined dropwise with 20 mL of the plant extract, M. 

perotitii DC, while being continuously stirred. After that, 

the mixture was heated to 80 degrees Celsius for two 

hours while being stirred with a magnetic stirrer. After 

allowing the mixture to cool to room temperature (25°C), 

it was centrifuged for 10 minutes at 10,000 rpm using a 

HERMLE Z326K centrifuge. The resultant pellet was 

rinsed three times with distilled water to get rid of 

contaminants after the supernatant was disposed of. After 

being cleaned, the pellet was placed in a Petri dish and 

dried in an oven set to 90°C. After drying, it was ground 

finely using a mortar and pestle, and any leftover organic 

material was then calcined for two hours at 500°C. For 

additional physicochemical characterization and 

biological assessments, the annealed NiO nanoparticle 

powder was ultimately stored in a tightly sealed glass vial. 

E. Antibacterial activities  

The antibacterial activity of the Microtrichia 

perotitii plant extract and the biosynthesized nickel oxide 

nanoparticles (NiO NPs) was assessed using a modified 

disc diffusion method [23–25]. The study was carried out 

against six bacterial strains comprising two Gram-positive 

bacteria Staphylococcus aureus (ATCC 33863) and 

Bacillus subtilis (ATCC 23857) and four Gram-negative 

bacteria Pseudomonas aeruginosa (ATCC 27853), 

Salmonella typhi (ATCC 19430), Escherichia coli (ATCC 

25922), and Clostridium botulinum (ATCC 19397). All 

bacterial isolates were obtained from the Microbiology 

Laboratory of the University of Ilorin Teaching Hospital, 

Ilorin, Nigeria. The bacterial inoculum was prepared by 

adjusting freshly grown cultures to a turbidity equivalent 

to 10⁸ CFU/mL (0.5 McFarland standard). A 100 µL 

aliquot of each suspension was evenly spread on the 

surface of sterile nutrient agar plates in three directions to 

ensure uniform growth. Sterile filter paper discs (6 mm in 

diameter) were impregnated with NiO NPs at different 

concentrations (25, 50, 75, and 100 µg/mL) and carefully 

placed on the inoculated agar surface. Discs containing M. 

perotitii plant extract (25 µg/mL) were also prepared to 

evaluate the antibacterial activity of the crude extract. 

Ciprofloxacin discs (5 µg) served as the positive control, 

while dimethyl sulfoxide (DMSO)-impregnated discs 

were used as the negative control to confirm that the 

solvent had no inhibitory effect. All inoculated plates 

were incubated at 37°C for 24 hours, after which the 

diameters of the inhibition zones were measured in 

millimeters using a digital Vernier caliper. The 

antibacterial potential of the NiO NPs and the plant 

extract was expressed as the mean ± standard deviation of 

triplicate determinations. 

F. Characterization 

The infrared spectrum of the solid NiO NPs was 

recorded using a Fourier-transform infrared (FTIR) 

spectrometer (ZN-FTIR 530, Shenzhen Zhuoneng Testing 

Technology Co., Ltd., Shenzhen, China) in the range of 

4000-400 cm⁻¹ using the KBr pellet technique to identify 

functional groups present in the nanoparticles. UV-Vis 

spectrophotometric analysis was performed using a 

SPECORD-200 spectrophotometer (Analytik Jena GmbH, 

Jena, Germany) in the wavelength range of 200-800 nm to 

analyze the optical properties of the nanoparticles. The 

morphology and particle shape of NiO NPs were 

examined using a scanning electron microscope (Phenom 

ProX model, Thermo Fisher Scientific, Eindhoven, 

Netherlands) operated at an accelerating voltage of 15 kV. 

The crystallographic structure was determined through X-

ray diffraction using a Rigaku MiniFlex 600 XRD 

Diffractometer (Rigaku Corporation, Tokyo, Japan) with 

Cu Kα radiation (λ = 1.5406 Å) in the 2θ range of 10-80°. 

Additionally, the thermal stability of the nanoparticles was 

evaluated using a thermogravimetric analyzer (TGA-Q500 

series, TA Instruments, New Castle, DE, USA) under a 

nitrogen atmosphere at a heating rate of 10°C/min from 30 

to 900°C. 

G. Statistical Analysis 

The antibacterial assays was performed in triplicate, 

and the results are presented as mean ± standard deviation 

(SD). Statistical analysis was conducted using SPSS 

software (version 23, IBM Corporation, Armonk, NY, 

USA). A two-way analysis of variance (ANOVA) was 

employed, and differences were considered statistically 

significant at a p-value of less than 0.05. 

III. RESULTS  

A. Phytochemical screening of M. perotitii DC  

Evaluation of M. perotitii's ethanolic leaf extract using 

phytochemistry. The phytochemical test used to support 

the different kinds of bioactive compounds present in the 

plant extract of M. perotitii is shown in Table 1. The 

synthesis of molecules with specific functions benefits 

from an understanding of the connection between 

phytoconstituents and plant bioactivity. A straightforward 

decoction process with ethanol was used to create the M. 

perotitii plant extract. The result was a green extract. The 

most significant bioactive components of the plant are 

compiled in Table 1. This result is quite consistent with 

previous research. [20, 21] 

 
 

Table 1: Qualitative phytochemical screening of M. perotitii DC plant 

extract 

S/N Phytochemical Test Results 

1 Alkaloids Wagner + 

2 Tannins Ferric 
Chloride 

+ 

3 Saponins Frothing + 

4 Phenolics Ferric 

Chloride 

+ 

5 Flavonoids Alkaline + 
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B. Fourier transforms infrared spectroscopy (FTIR) 

studies 

The FTIR spectrum of nickel oxide nanoparticles 

(NiO NPs) made with leaf extract from Microtrichia 

perotitii DC is shown in Figure 1. To determine the 

functional groups and validate the formation of NiO NPs, 

the spectra were captured using the KBr pellet technique 

in the 4000–400 cm⁻¹ range. Because of metal–oxygen 

lattice vibrations, metal oxide absorption and transmission 

bands usually occur in the 400–1500 cm⁻¹ range [26]. The 

O–H stretching vibrations of hydroxyl groups, which may 

be derived from phenolic compounds and adsorbed water 

molecules, are represented by a broad peak seen at 3372 

cm⁻¹ [18, 26]. The C=O stretching vibration of carbonyl 

groups was responsible for the absorption band at 1671 

cm⁻¹, whereas the C–H and C–O stretching vibrations are 

linked to the peaks at 2971 cm⁻¹ and 1068 cm⁻¹, 

respectively. Furthermore, residual biomolecules in the 

plant extract may be responsible for the band at 856 cm⁻¹ 

through phenolic ring vibrations or C–H bending. 

Crucially, the successful formation of NiO nanoparticles 

is confirmed by the clear absorption band seen at 651 

cm⁻¹, which correlates to Ni–O stretching vibrations. This 

result is in line with earlier reports on green-synthesized 

NiO NPs' FTIR spectra [17]. 

The spectra's presence of both organic (O–H, 

C=O, C–H, and C–O) and inorganic (Ni–O) functional 

groups indicates that the M. perotitii extract's 

phytochemicals, including flavonoids, phenols, and other 

oxygenated compounds, took part in the bioreduction of 

Ni²⁺ ions before acting as stabilizing and capping agents. 

Consequently, the FTIR analysis not only validates the 

formation of NiO but also offers proof of the reduction 

and surface stabilization mechanisms aided by 

phytochemicals [27]. 

 

 
Figure 1: FTIR spectrum of M. perotitii synthesized NiO NPs 

C. Optical properties of NiO NPs 

The UV-visible (UV-Vis) absorption spectrum of 

nickel oxide nanoparticles (NiO NPs) made with leaf 

extract from Microtrichia perotitii DC is shown in Figure 

2. The intrinsic electronic transition of NiO, which 

corresponds to the charge transfer between O²⁻ and Ni²⁺ 

ions, is responsible for the absorption band seen at about 

365 nm [28]. This absorption feature, which is within the 

typical range (320–380 nm) reported for biosynthesized 

NiO NPs, validates the successful formation of NiO 

nanoparticles [29]. At longer wavelengths, there is less 

photon interaction, indicating uniform particle distribution 

and aggregation, as indicated by a progressive decrease in 

absorbance intensity with increasing wavelength. The 

presence of tiny, evenly distributed nanoparticles with a 

narrow size distribution is further suggested by the sharp    

absorption edge. 

Depending on the synthesis conditions and 

particle size, the band gap energy (Eg) of NiO, which 

normally ranges between 3.4 and 4.0 eV for nanoscale 

NiO [30], can also be linked to the optical absorption edge 

at 365 nm. The formation of nanosized particles is further 

supported by quantum confinement effects, which are 

indicated by the slight blue shift in the absorption band 

(~380 nm) compared to bulk NiO. These findings validate 

that M. perotitii DC extract successfully promoted the 

reduction and stabilization of nickel ions during 

nanoparticle formation, as they are consistent with earlier 

research on green-synthesized NiO NPs. 

 
Figure 2: Absorption spectrum of M. perotitii synthesized NiO NPs 

 

D. X-ray diffractometry (XRD) analysis 

The crystallinity and phase structure of the 

biosynthesized nickel oxide nanoparticles (NiO NPs) were 

assessed using X-ray diffraction (XRD) analysis. The 

XRD diffraction pattern of NiO NPs made with leaf 

extract from Microtrichia perotitii DC is shown in Figure 

3. Significant diffraction peaks were detected at 2θ = 

37.3°, 43.8°, 63.5°, 75.3°, and 79.4°, corresponding to the 

crystal planes (111), (200), (220), (311), and (222), 

respectively. These planes support the formation of pure 

crystalline NiO since they are consistent with the standard 

cubic (bunsenite) phase of NiO as identified by JCPDS 

card no. 00-025-1044. High phase purity and a successful 

conversion of the precursor into NiO nanoparticles during 

synthesis were indicated by the absence of any additional 

peaks associated with impurities. The Debye-Scherrer 

equation was used to determine the average crystallite size 

(D). 

 

  
  

     
    (1) 

 

3372.889 2971.768 

1
6

7
1

.9
8

1
 

1
4

1
5

.4
9

5
 

1
0

6
8

.3
7

1
 

8
5

6
.2

3
9

 

6
5

1
.8

2
2

 

5001000150020002500300035004000

A
b

so
rb

an
ce

 

Wavenumber (cm-1) 



 

164 

 

Where λ is the X-ray wavelength (1.5406 Å for 

Cu Kα radiation), β is the full width at half maximum 

(FWHM) of the diffraction peak (in radians), θ is the 

Bragg angle, D is the average crystallite size, and K is the 

shape factor (0.89). The synthesized NiO NPs were found 

to have an average crystallite size calculated using the 

Scherrer equation of24 nm, which is within the usual 

range for green-synthesized NiO nanoparticles [13]. High 

levels of crystallinity are indicated by the comparatively 

sharp and intense diffraction peaks, whereas the presence 

of nanocrystalline domains is suggested by a slight 

broadening of the peaks. A number of variables, including 

the synthesis conditions, calcination temperature, and 

plant extract concentration, can affect the observed 

crystallite size and peak sharpness [6, 31]. The findings 

demonstrated that the phytochemicals 

 
Figure 3: XRD pattern of M. perotitii synthesized NiO NPs 

 

E. Surface morphology characterization  

Scanning electron microscopy (SEM) was used 

to analyze the surface morphology of the biosynthesized 

nickel oxide nanoparticles (NiO NPs). Figure 4 displayed 

the corresponding micrographs taken at 1000× 

magnification. According to the images, the NiO NPs 

were densely distributed, irregularly shaped, and showed 

clear signs of agglomeration, forming clusters of different 

sizes. The strong van der Waals interactions, magnetic 

attractions, and high surface energy characteristic of 

nanosized particles are responsible for this aggregation, 

which is frequently seen in green-synthesized metal 

oxides [6]. A polycrystalline nature, where smaller 

crystallites combine to form larger aggregates, is 

suggested by the microstructural appearance. The partial 

covering of phytochemical residues from the M. perotitii 

extract may be the cause of the particle surfaces' rough 

and granular textures. During synthesis, these 

biomolecules most likely served as stabilizing and 

capping agents, affecting the nucleation and development 

of the nanoparticles. For catalytic, electrochemical, and 

adsorption-based applications, the significant 

agglomeration and granular morphology also suggested a 

large specific surface area [13, 32]. The green-synthesized 

NiO NPs have nanocrystalline, poly-agglomerated 

structures stabilized by organic constituents from the plant 

extract, as confirmed by the overall SEM observations and 

XRD results. 

 

 

Figure 4: SEM micrograph M. perotitii synthesized NiO NPs at different 

magnification 

 

F. Thermogravimetry/Differential Thermal Analysis 

(TG/DTA) 

Thermogravimetric analysis (TGA) and 

differential thermal analysis (DTA) were used to 

investigate the thermal stability and compositional 

behavior of the biosynthesized nickel oxide nanoparticles 

(NiO NPs), as illustrated in Figure 5. Over a temperature 

range of 30 to 900°C, the analysis was carried out in a 

nitrogen atmosphere at a heating rate of 10°C/min. 

Multiple stages of overall weight loss resulted in a final 

residue of roughly 19.6% at 900°C, which is equivalent to 

the thermally stable NiO phase. The evaporation of 

adsorbed moisture and the elimination of volatile surface-

bound species are responsible for the initial slight weight 

loss of roughly 4% in the 50–220°C range [17]. The 

thermal breakdown of remaining phytochemical 

compounds from the M. perotitii extract is linked to the 

second stage of weight loss, which occurs at 262°C and is 

about 14.2%. During the synthesis of nanoparticles, these 

organic moieties served as capping and reducing agents 

and are normally removed at moderate temperatures [33]. 

At about 473°C, a significant weight loss of 61.2% was 

noted, which is consistent with the crystallization of the 

NiO lattice structure and the oxidative degradation of the 

residual organic residues. No discernible mass loss was 

seen above 500°C, suggesting that the material underwent 

full conversion to thermally stable NiO. The DTG curve 

showed clear endothermic peaks at temperatures of about 

300°C and 450°C, which stand for the organic 

constituents' maximum rates of degradation. All things 

considered, the TGA/DTA results showed that the 

biosynthesized NiO NPs have outstanding thermal 

stability above 500°C, proving their structural soundness 

and appropriateness for high-temperature uses like energy 

storage, gas sensing, and catalysis. 
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Figure 5: TGA-DTA curve of M. perotitii synthesized NiO NPs. 

 

 

G. Evaluation of antibacterial activity using NiO NPs 

prepared using M. perotitii DC plant extract 

Two Gram-positive species, Staphylococcus 

aureus (ATCC 33863) and Bacillus subtilis (ATCC 

23857), and four Gram-negative species, Pseudomonas 

aeruginosa (ATCC 27853), Salmonella typhi (ATCC 

19430), Escherichia coli (ATCC 25922), and Clostridium 

botulinum (ATCC 19397), were used to test the 

antibacterial activity of the Microtrichia perotitii DC leaf 

extract and its biosynthesized nickel oxide nanoparticles 

(NiO NPs). NiO NP concentrations of 25, 50, 75, and 100 

µg/mL were used in the antibacterial evaluation, which 

was carried out using the agar well diffusion method. 

The green-synthesized NiO NPs' antibacterial 

activity was concentration-dependent, as indicated in 

Table 2, with the inhibition zones gradually growing as 

the nanoparticle concentration rose. Across all tested 

microorganisms, the NiO NPs demonstrated greater 

antibacterial activity than the crude M. perotitii extract, 

even at the lowest concentration (25 µg/mL). The 

inhibition zones for S. aureus and E. coli at this 

concentration were 11.4 ± 0.5 mm and 8.1 ± 0.3 mm, 

respectively. Higher concentrations showed a significant 

increase in antibacterial activity; at 100 µg/mL, S. aureus 

and B. subtilis showed inhibition zones of 19.6 ± 0.4 mm 

and 18.8 ± 0.6 mm, respectively. Of the Gram-negative 

isolates, E. coli (13.2 ± 0.4 mm) and P. aeruginosa  12.8 

± 0.6 mm) showed moderate sensitivity, while S. typhi 

(15.9 ± 0.3 mm) showed the highest susceptibility, 

followed by C. botulinum (14.7 ± 0.5 mm). 

The NiO NPs showed exceptional antibacterial potency, 

especially against Gram-positive bacteria, even though 

the standard antibiotic ciprofloxacin produced slightly 

larger inhibition zones (ranging from 18.5 ± 0.3 mm to 

23.1 ± 0.4 mm). The synergistic influence of 

phytochemicals, particularly flavonoids, polyphenols, and 

terpenoids, which function as capping agents, increase 

surface reactivity, and encourage the production of 

reactive oxygen species (ROS), which causes oxidative 

stress, cell membrane disruption, and protein denaturation 

in bacterial cells, was responsible for the higher activity 

of the NiO NPs made with M. perotitii extract [34, 35]. 

Gram-negative bacteria are known to have comparatively 

smaller inhibition zones because of their intricate cell wall 

architecture, which includes a thinner peptidoglycan layer 

and an outer membrane rich in lipopolysaccharides. This 

structure limits the ionic interaction between Ni²⁺ ions and 

the cell surface and prevents nanoparticle penetration. 

Their superior resistance to Gram-positive bacteria is a 

result of this barrier, which also offers extra protection. 

These findings are in line with earlier research that found 

that Gram-negative bacteria's effective efflux mechanisms 

and outer membrane impermeability contribute to their 

increased resistance to metal oxide nanoparticles and 

traditional antibiotics [35–41]. 

All together, these results validate the potential 

use of M. perotitii-mediated NiO NPs in antimicrobial 

coatings, wound dressings, and biomedical formulations 

by confirming that they have broad-spectrum antibacterial 

qualities with stronger inhibition against Gram-positive 

bacteria. 
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Table 2: Antimicrobial activity of M. perotitii synthesized NiO NPs 

 

Pathogenic 

Bacteria 

Diameter of Inhibition Zone (mm)  Positive 

control 

Ciprofloxacin 

(5 µg disk) 

plant 

Extract 

(25 µg mL
-1

) 

NiO NPs  

25 µg mL
-1

 50 µg mL
-1

 75 µg mL
-1

 100 µg mL
-1

 

S. aureus 11.4±0.50
a
 13.8±0.70

b
 15.7±0.30

f
 19.6±0.40

d
 23.1 ± 0.43

c
 9.1 ± 0.32

e
 

B. subtilis 10.9±0.30
c
 12.7±0.51

e
 14.9±0.40

b
 18.8±0.60

c
 22.4± 0.50

a
 8.3 ± 0.23

d
 

P. aeruginosa 8.4 ± 0.31
d
 10.2±0.53

f
 11.6 ± 1.0

a
 12.8±0.60

b
 19.6 ± 0.35

e
 6.8 ± 0.70

g
 

S. typhi 9.2±0.40
e
 11.4±0.30

c
 13.5±0.42

f
 15.9±0.38

d
 21.7±0.40

a
 7.5±0.53

b
 

E. coli 8.1±0.30
a
 10.6±0.5

d
 11.8±0.60

e
 13.2±0.70

c
 20.5±0.62

b
 7.2±0.80

f
 

C. botulinum 9.7 ± 0.50
f
 11.8±0.14

b
 13.2 ± 1.1

c
 14.7±0.80

e
 18.5 ± 0.30

a
 8.6 ± 0.25

d
 

 

The superscript lettered (a-f) indicate significant difference (at p < 0.05) when subject to SPSS test. The findings are given as mean ± standard deviation 

 

 

 

 

 
 

 

 

 

 

Figure 6: Antimicrobial activity of M. perotitii synthesized 

NiO 
 

 

IV. DISCUSSION 

The green synthesis of NiO nanoparticles using 

leaf extract from Microtrichia perotitii DC shows how the 

plant's various phytochemicals all work together to 

promote the formation, stabilization, and functionality of 

nanoparticles. By donating electrons from hydroxyl 

groups to change Ni²⁺ into Ni⁰, which then formed NiO 

during calcination at 500°C, flavonoids, phenolics, 

tannins, alkaloids, and saponins acted as reducing and 

capping agents [42]. During the synthesis of 

nanoparticles, functional groups like hydroxyl and 

carboxyl groups actively participate as reducing agents, 

and plant metabolites are known to scavenge free radicals 

[43]. Thus, the presence of these metabolites, particularly 

alkaloids, saponins, flavonoids, phenolics, and tannins, 

suggests that the extract contains a significant amount of 

bioactive reducing agents [16, 33]. 

The participation of these phytochemicals was 

validated by FTIR analysis, which revealed distinctive 

Ni–O stretching at 651 cm⁻¹ in addition to O–H, C=O, 

and C–O vibrations from leftover organic compounds. By 

forming an organic shell around the NiO core, these 

surface-bound biomolecules establish a direct connection 

between the synthesis mechanism and the stabilization of 

the nanoparticles and their subsequent functional 

behavior. Agglomerated clusters with irregular shapes and 

dense packing were found by SEM analysis. Van der 

Waals forces, which pull particles together, cause this 

kind of agglomeration to occur frequently in nanoparticles 

with small particle sizes [43, 44]. The intrinsically high 

surface energy and surface tension of NiO at the 

nanoscale are also responsible for this behavior, according 

to earlier research [44, 46]. 

The reported morphological differences between 

NiO NPs made with Arabic gum [47] and Spirostachys 

africana [46] highlight the fact that particle size and 

shape are greatly influenced by the kind and concentration 

of phytochemicals found in each plant extract. The 

structural properties of the nanoparticles also show the 

influence of the phytochemical composition. In line with 

findings on other plant-mediated NiO nanoparticles [13, 

31], XRD analysis revealed a pure cubic bunsenite phase 

with an average crystallite size of 24 nm. Nanoparticle 

crystallinity is known to be impacted by variations in size, 

shape, and precursor chemistry, which can result in 

variations in XRD peak intensity. 
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The capping activity of polyphenols from M. perotitii, 

which restricts unchecked particle growth, may be 

responsible for the very small crystallite size obtained in 

this investigation. The UV–Vis spectrum, which showed a 

strong absorption peak at 365 nm, corresponding to the 

NiO band gap (3.4–4.0 eV), supports this homogeneity. 

The absorption peak further demonstrates the stability and 

good dispersion of the produced NiO NPs. The combined 

effects of the manufacturing process and the 

phytochemical coating were shown by thermal analysis 

(TGA/DTA). Thermally stable NiO was left at 500°C as a 

result of the breakdown of loosely and tightly bound 

organic residues, whereas the initial mass loss was 

attributed to desorbed water [17]. 

The substantial organic content before 

calcination indicates considerable biomolecule interaction 

with the nickel precursor, which contributed to regulated 

nucleation, stability, and the development of a protective 

organic shell. This intimate link between phytochemical-

mediated synthesis and structural-morphological 

characteristics naturally extends to the nanoparticles' 

thermal properties [47, 48]. The antibacterial activity 

demonstrates how synthesis, structure, morphology, and 

temperature behavior all influence functional 

performance. The small crystallite size, controlled by 

phytochemicals, allowed for close interaction with 

bacterial membranes, while the organic shell provided 

extra antibacterial activity. NiO nanoparticles produce 

ROS and release Ni²⁺ ions, causing oxidative stress, 

membrane damage, and DNA breakage in bacterial cells 

[34-36]. 

The increased susceptibility of Gram-positive bacteria 

in this study is consistent with their accessible 

peptidoglycan layer, and it supports the combined effects 

of particle size, surface chemistry, and NiO's inherent 

antibacterial pathways [39, 40]. Overall, the synergistic 

interplay of the inorganic NiO core and organic 

phytochemical coating demonstrates that the synthesis 

mechanism provides the foundation for all subsequent 

structural, optical, thermal, morphological, and biological 

aspects. Using Microtrichia perotitii DC extract provides 

a sustainable and effective method for manufacturing NiO 

nanoparticles with regulated size, crystallinity, shape, and 

increased antibacterial activity. 

IV. CONCLUSION 

This study successfully demonstrates the potential of 

Microtrichia perotitii DC leaf extract as an efficient, 

sustainable, and bioactive source for the green synthesis 

of nickel oxide nanoparticles (NiO NPs). The extract’s 

diverse phytochemical composition, rich in alkaloids, 

flavonoids, and phenolic compounds, acted synergistically 

as both reducing and capping agents, facilitating the 

formation of stable nanocrystalline NiO. Spectroscopic 

and microscopic analyses confirmed the successful 

synthesis. FTIR verified the presence of Ni–O bonds and 

residual organic moieties; XRD revealed well-defined 

crystalline nanoparticles with an average crystallite size of 

approximately 24 nm; UV–Vis spectroscopy showed a 

distinct surface plasmon resonance band; and SEM 

images displayed irregular, agglomerated morphologies 

typical of plant-mediated synthesis. The biosynthesized 

NiO NPs exhibited pronounced antibacterial activity, 

particularly against Gram-positive strains such as Bacillus 

subtilis and Staphylococcus aureus, with inhibition zones 

reaching 19.6 ± 0.40 mm at 100 µg mL⁻¹, slightly lower 

but comparable to ciprofloxacin (5 µg/disc). The lower 

sensitivity observed in Gram-negative bacteria likely 

results from their outer membrane barrier, which restricts 

nanoparticle penetration. These findings suggest that the 

antimicrobial efficacy arises from the combined effects of 

the NiO nanostructure and the phytochemical residues 

adsorbed on its surface. Overall, this work establishes M. 

perotitii DC as a novel biogenic agent for eco-friendly 

NiO NP synthesis and underscores the influence of plant 

extract composition on nanoparticle bioactivity. The 

promising antibacterial performance supports further 

studies aimed at elucidating the mechanistic pathways of 

microbial inhibition, optimizing synthesis parameters for 

controlled particle size and dispersion, and exploring 

broader biomedical and environmental applications. 
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