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Abstract 
 
Interest in biogenic nanoparticles derived from plant waste has increased due to the growing demand for environmentally 
friendly and sustainable nanomaterials. A green synthesis method was employed in this work to create manganese oxide 
nanoparticles (MnO NPs) using wheat bagasse extract as a natural reducing and stabilizing agent. Some advanced analytical 
techniques, like Fourier-transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), and field emission scanning electron 
microscopy, were used to validate the size, shape, morphological, and structural properties of synthesized nanoparticles. The 
successful synthesis of MnO NPs was confirmed by UV-Vis spectroscopy, which demonstrated a clear peak at 329 and 376 nm. 
Phytoconstituents functioning as capping agents were identified by FTIR, which showed absorption bands. Morphological 
information was obtained using FESEM, and a crystalline size of 38.51 nm was found using XRD examination, calculated by 
the Debye-Scherrer equation. The Congo red deterioration under visible light irradiation was utilized to assess the 
photocatalytic efficacy of MnO NPs and validate their suitability for environmental cleanup. Antioxidant potential was 
evaluated using the DPPH and ABTS radical scavenging tests, which produced IC50 values of 30.34 μg/mL and 34.45 μg/mL, 
respectively. When evaluating antibacterial activity against bacteria, substantial inhibitory effects were found. All of the 
bacterial strains under investigation showed a strong, dose-dependent inhibitory action with sizable zones of inhibition. 
Additionally, the α-amylase and α-glucosidase inhibition tests showed promising antidiabetic effects, with IC50 values of 
256.45 μg/mL and 215.76 μg/mL, respectively. These results imply that MnO NPs made from wheat bagasse provide a viable 
platform for environmental and medicinal uses. 
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1. Introduction 

The area of nanotechnology has grown in importance, 

providing creative answers for a wide range of scientific and 

industrial domains, such as environmental remediation, 

agriculture, and medicine. Metal oxide nanoparticles have 

attracted considerable attention owing to their distinctive 

physicochemical characteristics, large surface area, adjustable 

reactivity, and electrical adaptability,[1] in particular because of 

their intrinsic redox activity, environmental friendliness, and 

biocompatibility. MnO NPs (Nanoparticles) have become 

attractive options for use in energy storage, biosensing, 

catalysis, and biomedical sciences.[2] Chemical or physical 

techniques, including sol-gel processing, hydrothermal 

treatment, or thermal breakdown, are often used in the 

conventional production of MnO nanoparticles. Although 

these methods often produce well-defined nanostructures, they 

have many disadvantages, like the utilization of hazardous 

compounds, high energy requirements, and the generation of 

poisonous byproducts.[3] These restrictions have sparked 

interest in new, environmentally friendly, sustainable synthesis 

methods that preserve scalability and efficiency while 

reducing their negative effects on the environment.[4] Utilising 

biological systems like plant extracts, microbes, or bio-wastes, 

biogenic or green synthesis techniques have become appealing 

substitutes.[5] In particular, biomaterials generated from plants 

provide an easy and environmentally acceptable substrate for 

the production of nanoparticles. They have a wide variety of 

phytoconstituents functioning as organic stabilising and 
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reducing agents, including tannins, alkaloids, flavonoids, and 

phenolics.[6] Among the several plant-based substrates, wheat 

bagasse and other agricultural leftovers are inexpensive, 

renewable, and underutilised resources. With the help of 

bioactive substances and lignocellulosic material, wheat 

bagasse, the fibrous waste left over after juice extraction or 

milling, can efficiently facilitate the production of 

nanoparticles without the need for additional chemicals.[7] 

Manganese oxide nanoparticles synthesised by 

environmentally friendly methods utilising wheat bagasse 

have shown a variety of biological functions. Because of their 

antioxidant properties, they may scavenge reactive oxygen 

species (ROS), preserving biological systems from oxidative 

stress-related damage.[8] Furthermore, MnO nanoparticles 

exhibit potent antibacterial activity against bacteria, most 

probably by processes that include oxidative stress production 

and membrane disruption.[9] Additionally, their possible 

antidiabetic effects, which are ascribed to the inhibition of 

important enzymes like α-amylase and α-glucosidase, indicate 

their therapeutic value in the treatment of hyperglycemia.[10] 

Apart from its application in biomedicine, MnO NPs have 

demonstrated catalytic efficacy in the breakdown of synthetic 

dyes, which are persistent pollutants present in industrial 

wastewater. Their ability to accelerate dye breakdown in mild 

conditions highlights their potential for environmental 

remediation.[11] 

In this study, an environmentally friendly, one-pot 

synthesis technique was used to create manganese oxide 

nanoparticles using wheat bagasse extract. Advanced 

analytical methods were used to evaluate the structural and 

morphological characteristics of the synthesised nanoparticles. 

Together with their catalytic capability in dye degradation, 

their antibacterial, antidiabetic, and antioxidant properties 

were thoroughly assessed. In addition to showing a sustainable 

method for creating nanoparticles, this study emphasises the 

versatility of MnO nanoparticles made from wheat bagasse for 

both environmental and medicinal uses. 

 
2.Method and material 

2.1 Material 

Wheat bagasse was collected from local agricultural farms in 

a clean, dry state and stored at room temperature until use. 

Manganese sulphate monohydrate (MnSO4·H2O), used as the 

precursor salt for nanoparticle synthesis, was acquired from 

Sigma-Aldrich (USA). All reagents and compounds, including 

p-nitrophenyl-α-D-glucopyranoside (pNPG), congo red, were 

of analytical quality and obtained. Microbial strains used for 

the antibacterial study were procured from a certified 

microbial culture collection center. Nutrient agar and Mueller-

Hinton agar used for bacterial culture and antimicrobial testing 

were purchased from HiMedia. Sterile Petri dishes, 

micropipettes, culture tubes, and other microbiological lab 

consumables were used as required. All glassware was 

sterilized before use, and deionized water was utilized in all 

experimental preparations. 

 

2.2 Preparation of wheat bagasse extract 

Dried wheat bagasse was pulverised into a fine powder 

utilising a mechanical grinder. Approximately 10 g of the 

powder was subjected to 500 mL of ethanol for extraction. The 

mixture was then cooled and filtered with Whatman No. 1 filter 

paper. The filtrate was preserved at 4 °C and utilised as the 

reducing and stabilizing agent for the synthesis of manganese 

oxide nanoparticle.[12] 

 

2.3 Phytochemical analysis  

A preliminary analysis of the phytochemical content of wheat 

bagasse extract was executed to ascertain the main bioactive 

components responsible for stabilising and reducing MnO NPs. 

In order to identify several secondary metabolites, standard 

qualitative phytochemical experiments were conducted.[13] The 

extract yielded positive results, revealing the presence of 

flavonoids, phenolic compounds, alkaloids, saponins, and 

tannins. Because of their potent reducing and antioxidant 

qualities, flavonoids and phenolic chemicals are thought to be 

essential for the production and capping of MnO NPs. On the 

other hand, alkaloids and saponins could support the stability 

and biological nanoparticle activity. In addition to potentially 

influencing the dimensions and morphology of the 

nanoparticles, the presence of tannins and terpenoids enhances 

the extract's reducing activity.[14] 

 

2.4 Synthesis of MnO nanoparticles 

Throughout the synthesis of manganese oxide nanoparticles, 

50 millilitres of a homogenous solution of 0.01 M manganese 

sulphate monohydrate (MnSO4·H2O) and 50 millilitres of 

wheat bagasse extract were combined in a conical flask, and 

then the reaction mixture underwent continuous stirring 

between 60 and 70 °C for two hours. The development of MnO 

nanoparticles and the decrease of Mn2+ ions are demonstrated 

by the dark brown color that appears throughout the process. 

The mixture was left at ambient temperature for a full day to 

allow the nanoparticles to properly nucleate and mature.[15]  

To extract the nanoparticle pellet, the outcome 

Centrifugation was conducted for a duration of 15 minutes at 

a speed of 10,000 rpm. The pellet underwent multiple 

purification processes using distilled water and ethanol to 

eliminate contaminants and unbound phytochemicals. 

Following a drying process at 60 °C in a hot air oven, the 

purified nanoparticles underwent calcination for two hours at 

400 °C to yield phase-pure manganese oxide and enhance 

crystallinity.  This green synthesis technique offers a scalable, 

reasonably priced, and environmentally safe means of 

producing functional metal oxide nanoparticles that could be 
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applied to biomedicine and environmental remediation by 

utilizing the natural reducing power of agricultural waste.[16] 

 

2.5 Statistical analysis  

All experiments were performed in triplicate, and the results 

were described using mean ± standard deviation (SD). 

GraphPad Prism (version X) and a comparable statistical 

software program were employed to carry out the statistical 

analysis. The significance of variations among treatment 

groups was assessed through Tukey's post hoc test following a 

one-way ANOVA. P-values below 0.05 were considered 

statistically significant. The trends in the manganese oxide 

nanoparticles' antioxidant, antibacterial, anti-diabetic, and 

photocatalytic activity were plotted on graphs. Where 

appropriate, correlation analysis was also conducted to 

evaluate the connection between biological activity and 

nanoparticle concentration. 

 

3. Results 

3.1 Extraction and phytochemical analysis 

A yield of 6.14% was obtained by extracting the wheat bagasse 

material using an ethanol solvent. To determine the different 

phytochemical components that aid in the stabilisation and 

reduction of MnO NPs, the extract was subjected to qualitative 

analysis. As shown in Table 1, the study revealed that the 

extract had a significant quantity of secondary metabolites. 

These substances most likely aid in the process of reducing Mn 

ions and serve as capping agents, which enhance the stability 

of nanoparticles by avoiding their clustering.[17] The creation of 

nanoparticles is especially influenced by polar phytochemicals 

that are extracted using polar solvents. 

 

3.2 Characterization of MnO nanoparticles  

3.2.1 UV−VIS spectroscopy 

Using UV-visible spectroscopy, the optical characteristics and 

initial validation of manganese oxide (MnO) nanoparticle 

production were evaluated. A UV–Vis spectrophotometer 

(Shimadzu UV-1800) was used to do the analysis. From the 

UV experiments, two prominent peaks at 329 and 376 nm were 

observed, which reveal the synthesis of MnO nanoparticles 

and indicate effective biogenesis (Fig. 1). The inherent band 

gap transition of MnO nanoparticles is shown through the 

absorption band at 329 nm, suggesting the existence of 

nanocrystalline characteristics of MnO.[18]  

The presence of surface-bound phytochemicals derived 

from the wheat extract could be responsible for the peak 

observed at 376 nm, potentially influencing the optical 

behaviour of the nanoparticles.[19] The development of stable, 

evenly distributed MnO nanoparticles with no agglomeration 

is suggested by the existence of these peaks without any 

discernible absorption beyond 400 nm. These findings confirm 

the efficacy of wheat utilised as a capping agent in the eco-

friendly production of MnO nanoparticles. 

 

3.2.2 FTIR analysis 

The functional groups involved in the reduction and stability 

processes were identified through the analysis of the FTIR 

spectra of the synthesised MnO nanoparticles (MnO NPs) and 

wheat bagasse. The investigation confirmed that the resultant 

nanoparticle product contained phytochemical constituents 

and that Mn–O bonds were established. FTIR spectra were 

collected within the spectral range of 4000–400 cm⁻¹, utilising 

a resolution of 4 cm. A background spectrum of pure KBr was 

recorded before the analysis of the sample and subsequently 

subtracted from the sample spectra to remove background 

noise.[20] The wheat bagasse spectrum exhibited notable 

absorption bands at 3682 cm⁻¹ and 3376 cm⁻¹, suggesting the 

presence of polyphenols and alcohols, which are associated 

with the O–H stretching vibrations of hydroxyl groups. The 

peaks observed at 2905 cm⁻¹ can be attributed to the C–H 

stretching vibrations of aliphatic chains. The band observed at 

1298 cm⁻¹ corresponds to the C–N stretching of amines, while 

the bands at 1635 cm⁻¹ is attributed to C=O stretching and 

aromatic C=C stretching, respectively. 

The presence of polysaccharides and other macromolecules 

is suggested by the strong bands that span from 995 cm⁻¹ to 

520 cm⁻¹. On the other hand, MnO NPs' FTIR spectra showed 

a shift and a decrease in the strength of a number of bands, 

suggesting that phytochemicals and manganese ions 

successfully interacted during the creation of the nanoparticles. 

Observations indicate peaks at 1643 cm⁻¹ indicate 

preserved organic moieties on the nanoparticle surface, the 

large peak at 3355 cm⁻¹ reflects residual O–H groups. The 

creation of manganese oxide nanoparticles is validated by the 

notable appearance of new peaks at 593 cm⁻¹ and 583 cm⁻¹, 

which are typical of Mn–O stretching vibrations. The FTIR 

spectra are shown in Fig. 2. Numerous functional group peaks 

in the wheat bagasse spectrum have shifted or vanished, which 

shows that they are engaged in the reduction and capping 

processes.[21] 

 

3.2.3 XRD analysis 

To evaluate the crystallinity and phase purity of the 

nanoparticle’s diffraction patterns were captured.[22] This 

method demonstrated the nanoparticles' crystalline nature and 

average crystallite size, which is crucial for understanding 

their potential applications across a range of fields. The crystal 

form, phase purity, and particle size of the synthesised material 

manganese oxide (MnO) nanoparticles were assessed by XRD. 

An X-ray diffractometer (Rigaku Miniflex II) was used to 

perform XRD. The analysis was done directly using the 

powdered dry manganese oxide nanoparticles. The crystallite 

size of the nanoparticles employed the Debye-Scherrer 

equation, D = Kλ/β cos θ, where β represents the FWHM and 

D is the average. It was determined from the above 

computation that the crystals of manganese oxide particles are 

in the nano range. The equivalent 2θ value for the (210) 

diffraction plane was found at 59.7436° with a full width at 

half maximum (FWHM) of 0.3515°. These diffraction peaks 

match well with the standard JCPDS card No. 07-0230,  
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Table 1: Screening of the ethanolic extract of wheat bagasse for qualitative phytochemicals. 

Phytoconstituents  Ethanol extract 

Alkaloids  - 

Flavonoids  + 

Phenol  + 

Saponins  - 

Tannins  - 

Triterpenoids  + 

 

 
Fig. 1: UV–Vis absorption spectrum of MnO nanoparticles synthesis from wheat bagasse extract. 

 

 
Fig. 2: FTIR spectra of MnO NPs synthesis from wheat bagasse extract. 

 

confirming the formation of phase-pure MnO nanoparticles. 

For precise computation, the FWHM was converted to 

radians, and the Bragg angle (θ) was found to be 29.8718° (Fig. 

3). When these numbers were entered into the formula, the 

crystallite size for the (210) plane came out to be around 38.51 

nm.[23] The data has been summarized in Table 2. 

 

3.2.4 FESEM  

Another advanced analytical technique, FESEM, was adopted 

to examine various factors like Surface morphology, particle 

dimensions, and particle distribution of newly synthesized 

nano materials using different magnification ranges 

from 10,000× to 100,000×.[20]  

The MnO NPs showed some aggregation and a variety of 

morphologies, including irregular, granular, and ellipsoidal 

forms.[24] The MnO NPs' sizes varied from 30 to 50 nm, 

according to the SEM examination. The microscopic analysis 

revealed that the nanoparticles were uniformly dispersed 

throughout the sample and mostly had a spherical shape. The 

dehydration process that took place during the sample 

preparation for SEM analysis might be connected to the 

notable aggregation of the MnONPs. Fig. 4 displays the  
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Fig. 3: MnO NPs XRD patterns using wheat bagasse extract. 

 

Table 2: Miller Indices, FWHM values, d-spacing, and average crystallite size calculated for MnO NPs synthesized from wheat 

bagasse extract. 

hkl Pos. [°2Th.] FWHM Left [°2Th.] d-spacing [Å] 

002 35.3568 0.3453 2.54543 

101 41.8754 0.5715 2.69480 

210 59.7436 0.3515 2.14353 

122 71.3973 0.3054 1.95754 

110 74.6270 0.2494 1.86654 

Average crystallite size 38.51nm. 

 

 
Fig. 4: FESEM (a) at 10 µm and (b) 2 µm resolution images of MnO NPs synthesized from wheat bagasse. 

 

findings of the study of manganese oxide nanoparticles made 

from wheat bagasse ethanol extract. 

 

3.3 Biological activities 

3.3.1 Antioxidant activity 

3.3.1.1 DPPH and ABTS free radical scavenging assay  

The DPPH radical scavenging test was employed to evaluate 

the antioxidant capacity of the synthesised MnO NPs. A 0.1 

mM solution of DPPH was prepared using methanol, and 1 mL 

of this solution was combined with 1 mL of a nanoparticle 

suspension in methanol at varying concentrations (10–30 

µg/mL). A UV-Vis spectrophotometer was utilised to measure 

the absorbance at 517 nm after the mixture was incubated in 

the dark for thirty minutes. The absorbance of the sample was 

compared to that of the control (DPPH solution without 

nanoparticles), using ascorbic acid as a positive control, to 

determine the level of DPPH scavenging activity. As 

nanoparticle concentration increased, the radical scavenging 

activity also increased, indicating a concentration-dependent 

antioxidant potential.[25] The assessment of DPPH free radical 
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inhibition was conducted utilising the specified formula. 

% Inhibition =
A𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − A𝑠𝑎𝑚𝑝𝑙𝑒

A𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 × 100  

Acontrol denotes the absorbance of the DPPH solution in the 

absence of any treatment. nanoparticles and Asample is the 

absorbance after the addition of nanoparticles. The results were 

compared to a standard antioxidant (ascorbic acid) to evaluate 

the antioxidant action of MnO NPs. 

The ABTS test was engaged to assess the antioxidant 

activity of the synthesised MnO NPs. After mixing a 7 mM 

ABTS solution combined with 2.45 mM K2S2O8 and allowed 

to equilibrate at ambient temperature overnight in the dark, 

ABTS radicals were produced.[26] Ethanol was then added to 

the resultant ABTS⁺ radical solution was adjusted until its 

absorbance at 734 nm reached 0.80 ± 0.02. Following that, 3 

mL of the ABTS⁺ was added solution was combined with 1 mL 

of nanoparticle suspension at different doses (10–200 µg/mL) 

and incubated for 6 minutes to evaluate the antioxidant 

potential. Equation The proportion of radical scavenging was 

determined following the measurement of absorbance at 734 

nm. 

According to the given graph, the DPPH and ABTS radical 

scavenging assays were utilised to assess the antioxidant 

activity properties of MnO NPs and ascorbic acid at doses of 

5, 10, 20, and 30, 50 µg/mL. Ascorbic acid demonstrated a 

potent, concentration-dependent scavenging action in the 

DPPH experiment; at 5 µg/mL, inhibition was around 23%, but 

at 30 µg/mL, it exceeded 90%. Although it was less than the 

norm, MnO NPs also showed a dose-dependent response, 

going from around 7% at 5 µg/mL to roughly 70% at 30 µg/mL. 

Ascorbic acid also shown strong scavenging action in the 

ABTS experiment, increasing from around 20% to over 90% 

across all tested doses. Significant ABTS radical suppression 

was shown by MnO NPs, with values rising from about 8% at 

5 µg/mL to about 75% at 30 µg/mL. IC50 value for DPPH and 

ABTS was found 30.34 and 34.45 µg/mL for MnO NPs. These 

findings show that MnO NPs are efficient in both DPPH and 

ABTS radical systems in a concentration-dependent manner 

and have notable antioxidant qualities, although somewhat 

weaker than ascorbic acid. Fig. 5 represents the antioxidant 

activity of MnO nanoparticles synthesized from wheat bagasse, 

evaluated using ABTS and DPPH radical scavenging assays. 

In the literature, green-synthesized metal oxide 

nanoparticles often demonstrate a wide range of antioxidant 

efficiencies depending on their composition and synthesis 

route. For instance, Sivakumar Saipraba et al. (2025) reported 

biogenic Ag–ZnO nanoparticles synthesized 

using Andrographis macrobotrys, which exhibited notable 

antioxidant activity with IC₅₀ values of 85.67 µg/mL and 93.78 

µg/mL in DPPH and ABTS assays, respectively.[27] These IC₅₀ 

values are considerably lower than those typically reported for 

plant-derived MnO/MnO₂ nanoparticles, where antioxidant 

IC50 values commonly range from ~200 to 310 µg/mL, 

indicating stronger radical-scavenging activity for Ag–ZnO 

systems. The enhanced antioxidant performance of Ag–ZnO 

nanoparticles has been attributed to synergistic effects between 

silver and zinc oxide, as well as increased surface reactivity.[27]  

In contrast, MnO nanoparticles synthesized via green 

routes generally exhibit moderate antioxidant potency but 

offer distinct advantages related to their redox flexibility and 

biocompatibility, which may contribute to sustained biological 

effects beyond single-assay radical scavenging. Overall, these 

comparisons position the antioxidant activity of the present 

MnO nanoparticles within the expected range of biogenic 

MnO systems while highlighting compositional differences 

relative to other plant-mediated metal oxide nanoparticles. 

Comparable trends have also been reported for other plant-

mediated metal oxide nanoparticles. Azhagu Madhavan 

Sivalingam et al. investigated ZnO nanoparticles synthesized 

using Avicennia marina extract and demonstrated strong, 

dose-dependent antioxidant and antimicrobial activities. At a 

concentration of 100 µg/mL, the AM–ZnO nanoparticles 

exhibited radical scavenging efficiencies of 23.12 % 

(hydroxyl), 15.12 % (ABTS), 14.15 % (superoxide), and 

14.05 % (DPPH), indicating notable antioxidant potential. In 

addition, the nanoparticles showed significant antibacterial 

activity with inhibition zones of 19.5 mm 

against Pseudomonas aeruginosa, 16.8 mm 

against Staphylococcus aureus, 16.9 mm against Klebsiella 

pneumoniae, and 14.3 mm against Salmonella typhi, along 

with antifungal activity against Fusarium 

graminearum, Alternaria alternata, and Candida albicans. 

When compared with such ZnO-based systems, biogenic MnO 

nanoparticles generally exhibit moderate antioxidant potency 

with higher IC₅₀ values but benefit from manganese’s multiple 

oxidation states, which can support sustained redox activity 

and biological interactions. These comparisons highlight that 

while ZnO nanoparticles often display stronger immediate 

radical scavenging and antimicrobial effects, MnO 

nanoparticles synthesized via green routes remain competitive 

and biologically relevant within the broader class of agro-

waste-derived metal oxide nanoparticles.[28] 

 

3.3.2 Antidiabetic activity 

3.3.2.1 The α-glucosidase and α-amylase inhibitory activity 

As per  given graph, MnO NPs' antidiabetic effectiveness 

was evaluated using α-glucosidase and α-amylase inhibition 

tests, and contrasted with that of the common medication 

ascorbic acid at doses of 20, 50, 100, 250 and 300 µg/mL. The 

findings show that ascorbic acid and MnO NPs both exhibit 

concentration-dependent increases in enzyme inhibition. MnO 

NPs shown a progressive increase in activity in the α-amylase 

inhibition test, with IC50 value 256.45 µg/mL and 84.29 µg/mL 

for Acarbose. Similarly, MnO NPs shown increasing inhibitory 

capability in the α-amylase inhibition experiment, IC50 value 

was found 215.76 µg/mL and 78.51 µg/mL for ascorbic acid. 

According to these results, MnO NPs may be a natural 

antidiabetic drug since they have strong inhibitory effect 

against the α-amylase and α-glucosidase enzymes. Fig. 6 
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Fig. 5: Antioxidant activity by ABTS and DPPH method of MnO NPs synthesized from wheat bagasse. 

 

 
Fig. 6: Antidiabetic activity by α-amylase and α-glucosidase method of MnO NPs synthesized from wheat bagasse. 

 

represents the antidiabetic activity of MnO nanoparticles 

synthesized from wheat bagasse, evaluated using α-amylase 

and α-glucosidase inhibition assays. 

 

3.3.3 Antimicrobial activity 

The antibacterial efficacy of MnO NPs against bacterial 

species, such as Listeria monocytogen, Staphylococcus aureus, 

Escherichia coli and Pseudomonas aeriginosa, was assessed 

using the agar well diffusion technique. After being inoculated 

into nutrient broth, fresh bacterial cultures were cultured for 18 

to 24 hours at 37 °C. A positive control was a well with a 

conventional antibiotic (norfloxacin), while the negative 

control was a well with sterile distilled water. After one day 

incubation at room temperature, the zones of inhibition were 

quantified in millimetres. 

The disc diffusion method was utilised to assess the 

antibacterial effectiveness of ethanolic extract and MnONPs, 

as shown in Fig. 7. Significant antibacterial activity was shown 

by MnO NPs, particularly against S. aureus and P. aeruginosa, 

inhibition zones recorded at 16 mm and 17 mm, respectively, 

at the highest dose. Because of differences within the 

composition of their cellular walls, Gram-negative bacteria 

seem to be more susceptible to MnONPs' antibacterial 

effects.[29]  

Gram-positive bacteria possess multiple layers of 

peptidoglycan within their cell membrane, which gives them a 

more solid structure than Gram-negative bacteria, which only 

have one layer. The findings demonstrated that the MnO 

nanoparticles had concentration-dependent antibacterial 

activity, with Gram-negative bacteria showing the strongest 

inhibition, indicating that they may be useful antimicrobial 

agents.[30] 

 

3.3.4 Photocatalytic analysis of MnO NPs  

Congo red (CR), a representative organic pollutant, was 

utilised to assess the photocatalytic dye degradation potential 

of synthesised nanomaterials under visible light exposure.[31] 

In a beaker, 50 mL of the dye solution was combined with 10 

mg of MnO nanoparticles sourced from a stock solution of CR 

(10 mg/L). A UV-Vis spectrophotometer was employed to  
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Fig. 7: Antibacterial activity using disc diffusion assay of MnO NPs synthesised from wheat bagasse. 

 
assess the absorbance of the clear supernatant at 664 nm after 

3 mLof the solution was periodically removed and centrifuged 

to eliminate nanoparticles. The degradation efficiency (%) was 

determined utilising the formula: 

Degradation (%) =
𝐶𝑂−𝐶𝑡

𝐶𝑜
× 100  

In this context, C0 denotes the initial absorbance of the dye, 

while Ct represents the absorbance measured at time t. The 

MnO nanoparticles' potential in wastewater treatment 

applications was highlighted by their strong photocatalytic 

activity, which showed effective degradation of congo red 

when exposed to visible light. 

As shown in Fig. 8, the breakdown of CR dye and the role 

of MnO NPs as photo-catalysts were demonstrated by the 

absorption spectra under UV light. The gradual decrease in 

absorbance at 664 nm suggests that MnO NPs are effectively 

promoting the degradation process. For MnO NPs, the 

degradation efficiency over 100 minutes was 85%. Analysing 

the nanoparticles' surface area, shape, and crystallinity may 

help explain their photocatalytic activity.[32] Improving the 

degree of crystallinity and the surface area of the material leads 

to enhanced photocatalytic performance, subsequently 

influencing the overall degradation efficiency.[33] 

An 85 % degradation efficiency for methylene blue places 

the synthesized nanoparticles within the upper performance 

range reported for biogenic photocatalysts. Several green-

synthesized ZnO and TiO₂ nanoparticles derived from plant or 

agricultural waste typically achieve dye degradation 

efficiencies between 70–95 % under UV or visible light 

irradiation, depending on catalyst dosage, light source, and 

reaction time. For example, biogenic Ag–ZnO nanoparticles 

synthesized using Andrographis macrobotrys  achieved 

approximately 85–90 % methylene blue degradation , 

attributed to the synergistic effect of Ag incorporation and 

enhanced charge separation. Similarly, plant-mediated ZnO   
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Fig. 8: Analysis of the percentage degradation of irradiation time in relation to Congo red  dye when utilising MnO NPs derived 

from wheat bagasse extract. 

 

nanoparticles reported by Azhagu Madhavan Sivalingam et al. 

showed degradation efficiencies exceeding 80% for organic 

dyes under optimized conditions.[34] Compared to TiO2 

nanoparticles synthesized via green routes, which often require 

longer irradiation times to reach comparable efficiencies, the 

observed 85 % degradation demonstrates effective 

photocatalytic performance. While some chemically 

synthesized or doped systems may exceed 90–95 % efficiency, 

these often rely on harsher synthesis conditions or noble-metal 

loading. Therefore, the achieved 85 % dye degradation 

efficiency is competitive and highlights the effectiveness of 

green-synthesized nanoparticles as sustainable and efficient 

photocatalysts.[35] 

The present study provides a sustainable approach for 

synthesizing manganese oxide nanoparticles (MnO NPs) 

utilizing wheat bagasse extract, highlighting the valorization 

of agricultural waste within a green chemistry framework. 

Wheat bagasse, rich in polyphenols, flavonoids, and other 

reducing biomolecules, efficiently assisted the bioreduction 

and stability of MnO nanoparticles, as indicated by 

spectroscopic and microscopic characterization.[36] The 

development of crystalline MnO and nanoscale morphology 

demonstrates the potential of wheat bagasse as a low-cost, eco-

friendly precursor for nanoparticle synthesis. Compared with 

conventional chemical approaches, this biogenic technology 

lowers harmful chemicals while giving enhanced 

environmental compatibility.[37] The biological activities of the 

produced MnO NPs, including antioxidant, antidiabetic, and 

antibacterial properties, demonstrated concentration-

dependent behavior, comparable with previous results on 

plant-mediated metal oxide nanoparticles. These activities 

may be attributable to the combined impacts of nanoscale size, 

strong surface reactivity, and surface-bound phytochemicals 

inherited from the wheat bagasse extract.[38] Their performance 

is comparable to numerous green-synthesised metal oxide 

nanoparticles reported in the literature, suggesting potential for 

early biomedical applications, even if the measured 

bioactivities were moderate in comparison to standard 

reference compounds.[39-41] In addition to biological 

performance, the MnO nanoparticles displayed promising 

photocatalytic activity toward methylene blue degradation 

under light irradiation, achieving approximately 85 % 

elimination efficiency. This behavior is probably caused by the 

production of reactive oxygen species during photoexcitation, 

which causes dye molecules to undergo oxidative 

breakdown.[42] The degradation efficiency compares favorably 

with other biogenic metal oxide systems, indicating the 

suitability of wheat bagasse-derived MnO NPs in wastewater 

treatment and environmental remediation.[43] 

Recent studies have demonstrated that green-synthesized 

metal oxide nanoparticles derived from plant or agricultural 

waste exhibit promising biological and photocatalytic 

properties; however, comparative analyses across different 

metal oxides remain limited. Biogenic ZnO and Ag–ZnO 

nanoparticles synthesized from plant extracts such 

as Andrographis macrobotrys and Avicennia marina have 

shown strong antioxidant activity with relatively low IC50 

values and high photocatalytic dye degradation efficiencies, 

often exceeding 80–90 %, which are attributed to enhanced 

surface reactivity and synergistic metal effects.[44-46] In contrast, 

fewer studies have systematically explored biogenic MnO 

nanoparticles synthesized from agro-waste, particularly with 
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respect to their antioxidant, antidiabetic, and photocatalytic 

performance relative to other metal oxides. Available reports 

indicate that plant-mediated MnO/MnO2 nanoparticles 

generally exhibit moderate antioxidant potency but possess 

distinct redox flexibility arising from multiple manganese 

oxidation states, which may support sustained biological and 

environmental applications. Therefore, a focused investigation 

of MnO nanoparticles synthesized via green routes, combined 

with contextual comparison to ZnO and TiO2 based systems, is 

essential to clarify their relative advantages and expand the 

scope of sustainable nanomaterials for biomedical and 

environmental remediation applications.[47] Although green 

synthesis of MnO nanoparticles using plant or agro-waste-

derived extracts has been previously reported, the present 

study demonstrates novelty through the utilization of wheat 

bagasse, an abundant and underexplored lignocellulosic agro-

residue, as a reducing and stabilizing agent. Unlike commonly 

used leaf, fruit, or flower extracts, wheat bagasse is rich in 

cellulose, hemicellulose, lignin, and residual phenolic 

compounds, which provide a distinct chemical environment 

for nanoparticle nucleation, surface functionalization, and 

stabilization. This compositional difference contributes to 

improved sustainability, cost-effectiveness, and alignment 

with waste-to-wealth and circular economy principles, thereby 

differentiating wheat bagasse from previously reported plant-

based sources.[48] 

From a performance perspective, the biological and 

photocatalytic activities of wheat-bagasse-derived MnO 

nanoparticles compare favorably with existing biogenic MnO 

nanoparticle systems. Reported literature indicates that plant-

mediated MnO/MnO2 nanoparticles typically exhibit 

antioxidant IC50 values in the range of ~200–310 µg/mL, 

reflecting moderate but consistent radical scavenging 

efficiency. The antioxidant activity observed in the present 

study falls within this reported range, confirming comparable 

biological performance relative to previously synthesized 

MnO nanoparticles. Furthermore, biogenic MnO nanoparticles 

reported in earlier studies generally achieve dye degradation 

efficiencies between 70 and 90 % under comparable irradiation 

and catalyst-loading conditions. The observed ~85 % 

methylene blue degradation efficiency in this study therefore 

demonstrates competitive photocatalytic performance, 

comparable to reported MnO systems and approaching the 

efficiencies of certain green-synthesized ZnO- and TiO2-based 

photocatalysts. Collectively, these results highlight that wheat 

bagasse not only serves as a viable and sustainable precursor 

for MnO nanoparticle synthesis but also yields nanoparticles 

with biological and photocatalytic performances consistent 

with, and in some cases competitive with, existing biogenic 

MnO nanoparticle systems.[49,50] 

 

4. Conclusion 

This work used an eco-conscious and sustainable approach to 

effectively synthesise MnO NPs using wheat bagasse extract. 

The production of MnO NPs from wheat bagasse, an agro-

waste, which offered a natural supply of phytochemicals that 

served as stabilising and reducing agents. The development of 

distinct nanoparticles with nanoscale crystallite size and 

functional groups suggestive of plant-mediated synthesis was 

validated by characterisation methods. The dose-dependent 

scavenging impact of the biologically produced MnO NPs in 

the DPPH and ABTS tests indicated their notable antioxidant 

potential. Furthermore, the nanoparticles demonstrated strong 

antidiabetic potential by concentration-dependently blocking 

the α-glucosidase and α-amylase enzymes, although 

marginally less well than the conventional ascorbic acid. 

Crucially, the MnO NPs demonstrated broad-spectrum 

antimicrobial action, successfully preventing the development 

of bacterial strains, indicating that they may have promise as a 

natural antibacterial agent. Additionally, the nanoparticles 

demonstrated effective dye degradation, highlighting their 

potential use in wastewater treatment and environmental 

remediation. All of these results demonstrate that MnO NPs 

from wheat bagasse have multimodal bioactivities and may be 

used as an affordable, sustainable platform for environmental 

and medicinal applications. 
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