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Abstract. In the past decade, open-air burning of rice husks has negatively impacted the environment 

and human health, particularly in developing and underdeveloped nations. Consequently, the present 

study established a sustainable and environmentally friendly method of manufacturing zinc oxide 

nanoparticles (ZnO NPs) from Oryza sativa rice husks using different concentrations of the precursor. 

The ZnO NPs obtained were analysed with an ultraviolet-visible (UV-Vis) spectrophotometer, which 

revealed a characteristic ZnO NPs band at 410 nm. Based on Debye–Scherrer’s equation, the  

ZnO NPs crystallites had a mean size of 20 nm. The Fourier-transform infrared (FTIR) spectra of the 

ZnO NPs were determined within the 400 to 4000 cm−1 range. The peak at 487 cm−1 indicated that a  

Zn-O bond was formed. A developed material further evaluated the antibacterial effectiveness of  

ZnO NPs against four harmful bacteria, demonstrating a moderate level of effectiveness. The findings 

indicated that all the tested bacteria exhibited heightened susceptibility to ZnO NPs at a higher 

concentration of 250 µg/mL. 
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Introduction 

The introduction and development of 

nanotechnology offered numerous possible 

accomplishments through material manipulation. 

Nanotechnology has also altered the worldwide 

paradigm due to its applications in various areas 

[1], and advancements have resulted in smart 

materials with unique nanoparticle (NP) 

properties. The minute size of NP, between 1 and 

100 nm, and its significant surface-to-volume 

ratio have enabled it to be employed in  

numerous fields, including medicine [2], 

cosmetics [3], photocatalytic [4], electronics [5], 

and agriculture [6]. 

Utilising plant extracts from various plant 

species to biosynthesise nanoparticles (NPs) has 

been widely explored, encompassing numerous 

metals, such as copper [7], gold [8], and silver [9]. 

Zinc oxide (ZnO) is emerging as a particularly 

compelling inorganic oxide and gaining the 

interest of researchers due to its versatility and 

wide-ranging applications [10,11]. ZnO NPs are 

widely employed in different industries, including 

drug delivery, solar cells, medicals, photocatalytic 

degradation, and personal care products, such as 

sunscreen and cosmetics, as they are non-toxic, 

biocompatible, and cost-effective [11–13].  

ZnO NPs could be fabricated through a plethora 

of physicochemical pathways, including  

sol-gel, co-precipitation, laser vaporisation, 

microemulsion, and ball milling [14–17]. 

Nevertheless, conventional nanomaterial 

synthesising techniques are costly and require 

toxic and harmful reagents, organic solvents, and 

non-biodegradable stabilising agents [18,19]. 

Physicochemical processes of manufacturing  
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ZnO NPs also involve very complex procedures 

and costly equipment and consume considerable 

time and energy [20].  

A “green chemistry” approach is necessary 

in manufacturing NPs. The technique employs 

safe, non-toxic, and environmentally sustainable 

methodologies that could be utilised in open 

areas. Biosynthetic NPs are more water  

soluble biocompatible and less hazardous [21].  

Organic materials are crucial in producing  

green NPs, and the methods are regarded as 

valuable alternatives to the chemical  

approaches [22].  

Numerous reports on ZnO NPs biosynthesis 

approaches are available. For instance, Saka, A.  

et al., produced ZnO NPs with Apocynaceae, 

Carissa spinarum L. (Hagamsa) leaf extract. The 

study obtained relatively small (45.76 nm) 

cauliflower-shaped NPs, which was an excellent 

antibacterial agent [23]. In another study, 

Abdelbaky, A.S. et al., employed apple geranium 

(Pelargonium odoratissimum) leaf extract.  

The numerous phytoconstituents in the leaf 

extract acted as capping agents, resulting in  

ZnO NPs with excellent features. The NPs 

reported in the literature were 76 nm and spherical 

and hexagonal [10]. Nonetheless, a smaller  

(34.23 nm) spherical ZnO NPs was yielded when 

Aquilegia pubiflora (Himalayan Columbine) was 

utilised as reported by Jan, H. et al. [24]. 

Reports on synthesising ZnO NPs with 

agricultural wastes are scarce. Rice husk (RH) is a 

promising material in NPs production, including 

silica and silica oxide NPs [25,26]. Open-air 

burning of RH, a waste product, has impacted the 

environment and human health, especially in 

developing and underdeveloped countries [27]. 

Moreover, processing and transporting RH are 

laborious due to its low density and low 

commercial value, leading to disposal issues and 

significant environmental harm [28]. 

The present study was the first to employ 

bio-assisted ZnO NPs production through  

a simple and eco-friendly approach  

utilising Oryza sativa RH. The green  

ZnO NPs were extensively examined with  

various characterisation techniques, including  

ultraviolet-visible (UV-Vis) spectroscopy,  

X-ray diffraction (XRD), transmission electron 

microscopy (TEM), Fourier-transform  

infrared (FTIR), and scanning electron 

microscopy-energy dispersive X-ray (SEM-EDX). 

The NPs obtained in this study were also 

employed as an antibacterial agent against 

Escherichia coli, Bacillus subtilis, Klebsiella 

pneumoniae, and Staphylococcus aureus. 

Experimental 

Materials 

The current study employed zinc sulphate 

heptahydrate (Duchefa Biochemie, Netherland), 

hydrochloric acid (HCl) (RCI Labscan, Thailand), 

sodium hydroxide (NaOH) (R&M Chemicals, 

Malaysia), ethanol (Fisher Scientific, United 

Kingdom), Mueller-Hinton agar (Oxoid, United 

Kingdom), nutrient broth (Merck Millipore, 

Germany), and deionised water without 

purification.  

Preparing the rice husk ash  

In this study, the RH ash (RHA) was 

prepared according to the guideline reported by 

Nguyen, H.X. et al., with slight modifications 

[28]. Firstly, the RH was washed thoroughly 

under running water to remove heavy impurities, 

such as sand, dust, and other contaminants that 

might be present. Subsequently, the material was 

air-dried for 30 min before it was soaked in 2 M 

HCl for 1 h to remove small quantities of minerals 

before extracting silica from the RH. The RH was 

oven-dried for 24 h at 80°C before being burned 

in a furnace for 5 h at 700°C to obtain RHA.  

Synthesising the ZnO NPs with the RH solution  

The ZnO NPs in the present study were 

produced according to the procedures outlined by 

Saka, A. et al., [23], Jayachandran, A.T.R.A.  

et al., [29], and Balogun, S.W: et al., [5] with 

modifications. The plant extract was substituted 

with sodium silicate derived from RHA as a 

capping agent in this altered method.  

This substitution was made to enhance the 

stability and control the growth of the ZnO NPs, 

thereby preventing agglomeration and improving 

their dispersion. First, 1.0 g of the RHA was 

mixed with 200 mL of 2 M NaOH solution  

under agitation at room temperature to obtain  

sodium silicate. After 1 h of agitation, zinc 

sulphate heptahydrate and 200 mL of 2 M HCl 

were added to the sodium silicate solution to 

achieve pH 7, yielding a mixture containing  

Zn2+ and silicate ion (SiO4
−).  

Varying the concentration of zinc sulphate 

heptahydrate masses (0.4 M, 0.8 M, 1.2 M,  

1.6 M and 2.0 M) were boiled with 200 mL of a 

solution containing silicon dioxide (SiO2)  

with a stirrer-heater at 50°C to observe the effects 

of precursor concentration. Subsequently,  

the mixture was boiled for 5 h until a  

white precipitate formed before centrifuging  

the precipitate at 3000 rpm for 2 min.  

The precipitate was washed twice with  

ethanol and distilled water to remove dirt and 

impurities. The greyish precipitate was then 

collected and oven-dried for 24 h at 80°C.  
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The dried samples were ground and placed in a 

furnace to calcine for 3 h at 500°C before they 

were ground again. The specimens were weighed 

and stored as NPs (Figure S1 in supplementary 

material). 

Characterisations of the prepared ZnO NPs 

The optical properties of ZnO NPs were 

examined using a UV-Vis spectrophotometer 

(T80+, PG Instruments) over the wavelength 

range of 300-700 nm. The crystalline structure 

and phase purity of ZnO NPs were determined 

using a Rigaku diffractometer. The morphology 

and elemental composition of ZnO NPs were 

analysed using a Hitachi TM3030 PLUS SEM 

equipped with EDX analysis. Detailed insights 

into the internal structure and crystallinity of ZnO 

NPs were obtained using a Talos L120C TEM. 

The functional groups and bonding characteristics 

of ZnO NPs were investigated using FTIR (Perkin 

Elmer) in the range of 4000-400 cm−1. 

The ZnO NPs antibacterial activities 

The antibacterial effectiveness of the ZnO 

NPs manufactured in this study against  

Bacillus subtilis (B. subtilis), Staphylococcus 

aureus (S. aureus), Escherichia coli (E. coli), and 

Klebsiella pneumoniae (K. pneumoniae) was 

assessed through the disc diffusion technique.  

The procedures were adapted from the guidelines 

reported by Ali, D. et al., [30], Karthik, M. et al., 

[31], and Kamarajan, G. et al.[32]. First, blank 

discs were soaked with 50, 100, 150, 200, and  

250 µg/mL of the biosynthesised ZnO NPs.  

Agar plates containing the bacterial  

strains and carefully placed discs soaked with  

the ZnO NPs were incubated for 24 h at 37°C. 

The present study employed Ciprofloxacin and 

distilled water as the positive and negative 

controls, respectively. The inhibition zone 

diameter observed on each plate was determined 

and all experiments were performed  

in triplicates. 
 

Results and discussion 

This section aims to characterise ZnO NPs 

utilising UV-Vis spectroscopy, XRD, and FTIR. 

Additionally, a detailed morphological analysis 

and the shape of the NPs were conducted using 

TEM and SEM-EDX. 

UV-Vis analysis 

UV-Vis spectrophotometry was employed 

to establish the optical properties of the ZnO NPs 

manufactured in the current study. The NPs were 

synthesised through a green methodology 

exploiting Oryza sativa rice husks as the reducing 

and capping agent. The maximum absorbance 

peak observed at 398 nm confirmed the formation 

of ZnO NPs (Figure 1). The finding was 

consistent with the study by Sakthivel, S. et al., 

where the ZnO NPs were prepared with  

Citrus limon (L.) seed aqueous extract [33].  

Iqbal, J. et al., also reported similar results with 

synthesised ZnO NPs utilising Elaeagnus 

angustifolia L. leaf extract [34].  

The ZnO NPs synthesised with 1.2 M of 

zinc sulphate heptahydrate precursor recorded the 

highest absorbance band, hence the optimal 

precursor mass. Although higher concentrations 

of precursors (1.6 M and 2.0 M) were employed, 

the NPs documented decreased absorbance. The 

phenomenon might be due to the significant 

amounts of plant biomolecules that were still in 

the NPs, which stabilised the NPs by preventing 

new crystal developments as observed by 

Demissie, M.G. et al., which procured ZnO NPs 

with Lippia adoensis (Koseret) leaf extract [1]. 
 

 
Figure 1. UV-Vis spectra of ZnO NPs in various 

concentrations of precursor. 
 

XRD analysis 

The XRD pattern of the ZnO NPs procured 

in this study is illustrated in Figure 2. The 2θ 

peaks were observed at 31.90°, 34.57°, 36.37°, 

47.62°, 56.78°, 62.96°, 66.44°, 68.00°, 69.14°, 

72.73°, 77.16°, and 81.57°, corresponding to 

(100), (002), (101), (102), (110), (103), (200), 

(112), (201), (004), (202), and (104) lattice plane 

values, respectively. The results were in 

accordance with the data reported by Sundrarajan, 

M. et al., which produced ZnO NPs with 

Pongamia pinnata plant extract and calcined at 

350°C [35]. Jayappa, M.D. et al., also recorded 

similar findings, documenting outstanding XRD 

diffraction peaks of ZnO NPs manufactured with 

the leaf, stem and in-vitro-grown callus of 

Mussaenda frondosa (L.) [36].  

In this study, the crystallite sizes of the NPs 

developed by varying concentrations of precursor 

were determined according to Debye–Scherrer’s 

equation. The crystallites size of ZnO NPs were 
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determined as 19.88, 20.38, and 20.02 nm when 

0.4, 0.8, and 1.2 M of precursor were employed, 

respectively. The crystallites procured in the 

current study were smaller than the NPs produced 

by Velsankar et al., (29 nm) [19] and Iqbal, J. et 

al., (26 nm) [34]. 
 

 
Figure 2. XRD pattern of ZnO NPs. 

 

 

 
 

TEM analysis 

The TEM analysis (Figure 3) conducted in 

the present study verified ZnO NPs formation. 

Based on the results, the pure green ZnO NPs 

exhibited rod and worm-like shapes.  

The aggregation observed in this study might be 

attributed to the high surface energy of the ZnO 

NPs and potential densification due to the narrow 

space between the particles [36]. Ansari, A. et al., 

documented similar findings of predominantly 

rod-shaped NPs [37]. Gangwar, J. et al., also 

demonstrated that most ZnO NPs produced in 

their ZnO NPs mediated by Strobilanthes 

hamiltoniana were rods with minimal thickness 

variation [38]. According to a 50 nm scale,  

the average particle size of 80 randomly selected 

ZnO NPs is 17.84 ± 3.96 nm, as depicted in 

Figure 3(c) which displays the histogram  

of size distribution. The findings were  

analysed using ImageJ software are in line with 

the particle sizes reported by the Scherrer's 

formula. 

 

 

 

  

(a) (b) 

 
(c) 

Figure 3. TEM of ZnO NPs at (a) 100 nm magnification, (b) 50 nm magnification and (c) histogram plot. 
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FTIR analysis 

The band at 3431 cm−1 documented by the 

ZnO NPs manufactured in the present study 

represented the hydroxyl (O-H) group vibration 

from an intra-molecular hydrogen bond 

stretching. The vibrations were due to the 

moisture absorbed from the atmosphere. 

Demissie, M.G. et al., prepared ZnO NPs using 

Lippia adoensis (Koseret) leaf extract and noted 

broad peaks at approximately 3414 and 3442 

cm−1, suggesting similar considerable energy 

regions due to O-H stretching [1].  

 

 

The band at 1451 cm−1 corresponded to the 

C=C stretching vibration of alkene groups in 

biomolecules, which might be present on the free 

surfaces of the NPs. Iqbal, J. et al., also reported a 

band at 1457.85 cm−1 related to C=C stretching. 

On the other hand, C-O-C absorption of the  

ZnO NPs procured in this study was noted at  

1146 cm−1 [34]. A band stretch at 1160.83 cm−1 

was also attributed to C-O-C functional groups  

in the study conducted by Al Awadh, A.A.  

et al., [18]. The ZnO NPs bands observed  

at 994 and 487 cm−1 were associated with  

metal-oxygen, substantiating the characteristic 

Zn-O bonds that exist in the ZnO NPs 

synthesised. The observations were in agreement 

with the findings of Velsankar, K. et al., where 

bands with vibrations stretching under 1000 cm−1 

were most likely due to metal-oxygen bonding 

(Figure 4) [19].  
 

SEM-EDX analysis 

Figure 5 demonstrates the shapes and 

surface morphologies of the ZnO NPs 

biosynthesised in the current study. The 

morphology structural analysis suggested the  

 

 

ZnO NPs have varying and irregular quadrilateral 

crystals. The results were in accordance with the 

data reported by Devi, K. et al., which 

documented nano flakes-like structures that 

agglomerated randomly ZnO NPs [39]. Similarly, 

Suhel, A. et al., recorded outstanding SEM 

images of irregular-shaped ZnO NPs [40]. 

The EDX findings documented in the 

present study exhibited pronounced zinc (54.4%) 

and oxygen (19.0%) signals, confirming the 

presence of zinc oxide (Figure 5(e)). 

Jayachandran, A.T.R.A. et al., also noted similar 

elevated energy areas due to ZnO NPs, recording 

78.32% and 12.78% Zn and oxygen, respectively 

[29]. In another study, the EDX results reported 

by Shaghaghi, Z.  et al., verified the presence of 

Zn and O elements at 39.87% and 30.63% 

respective weight percentages [41]. However, the 

zinc content in this study is lower than the 73.29% 

reported by Pekdemir , S. et al., where 

Eupatorium cannabinum L. was employed as both 

a reducing and capping agent in the synthesis of 

ZnO NPs [42]. 

Antibacterial evaluation 

The ZnO NPs procured in the current study 

exhibited antibacterial activities against S. aureus, 

B. subtilis, E. coli, and K. pneumoniae (Figure 6). 

Nevertheless, Ciprofloxacin recorded the largest 

inhibition zone, indicating the highest resistance 

as the positive control. Conversely, the negative 

control, distilled water, did not demonstrate any 

inhibition zone. Based on Table 1, the inhibition 

zones of varying ZnO NPs concentrations against 

each bacteria strain were considerably different (p 

< 0.001). The Kruskal-Wallis assessment also 

indicated notable inhibition zone diameter 

variations between each ZnO NPs concentration, 

recording H (6) = 56.898 and p < 0.001. At lower 

concentrations (50–100 ug/mL), B. subtilis 

exhibited resistance against the ZnO NPs, while 

E. coli and K. pneumoniae were susceptible to the 

NPs at higher concentrations. Wider inhibition 

zones were observed with increasing ZnO NPs 

concentration. Nonetheless, the bacteria were the 

most susceptible against 250 µg/mL of ZnO NPs, 

documenting 3.3 ± 0.6 (B. subtilis), 5.9 ± 0.4 (S. 

aureus), 8.3 ± 0.3 (K. pneumoniae), and 8.3 ± 0.6 

(E. coli) mm inhibition zones. The findings 

suggested a dose-dependent inhibitory effect of 

the ZnO NPs relative to their concentration. A 

positive correlation between inhibition zone 

diameter for each strain and NPs concentration 

was also noted by Karthik, M. et al. [31], 

Kamarajan, J. et al. [32], and Alamdari, S. et al., 

[14] (Figure S2). 
   

 

 

Figure 4. FTIR of ZnO NPs. 
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(a) (b) 

  

(c) (d) 

 
(e) 

Figure 5. SEM of ZnO NPs at 100 µm (a), 50 µm (b), 10 µm (c), 5 µm (d) and EDX analysis (e). 
 

 
 

Table 1  

The inhibition zones of each bacterial strain assessed. 

Note: - indicates no inhibition zone, the values are presented in mean ± SD, and the values with superscript letters 

are significantly different at (p < 0.01) within the column. 

Bacteria 

Inhibition zone diameter (mm) 
Positive control 

(10 µg of 

Ciprofloxacin) 

Negative control 

(10 µg of 

distilled water) 

ZnO NPs concentration 

50 

µg/mL 

100 

µg/mL 

150 

µg/mL 

200 

µg/mL 

250 

µg/mL 

B. subtilis - -  0.3 ± 0.6b 2.8 ± 0.8c 3.3 ± 0.6d 25.7 ± 0.6a - 

S. aureus 0.3 ± 0.6a 3.8 ± 0.6b 4.2 ± 0.7b 5.2 ± 0.8b 5.9 ± 0.4c 28.3 ± 1.5b - 

E. coli 3.8 ± 0.3a 6.0 ± 0.8a 7.2 ± 0.8a 7.4 ± 0.5a 8.3 ± 0.6a 27.0 ± 1.0a - 

K. pneumoniae 4.8 ± 0.3a 5.4 ± 0.7a 5.8 ± 0.3b 7.4 ± 0.5c 8.3 ± 0.3d 28.3 ± 1.5a -  

Kruskal Wallis df 2 2 3 3 3 3  

P 0.001 0.001 0.003 0.003 0.017 0.013 - 
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Table 2  

The Spearman’s Rho correlations between ZnO NPs concentration, inhibition zone diameter, and bacteria 

determined with SPSS. 

 Concentration (µg/mL) Inhibition zone 

(mm) 

Bacteria 

Concentration 1 0.063 0.000 

Inhibition zone 0.063 1 0.425** 

Bacteria 0.000 0.425** 1 

(* sig p<0.05 ** sig <0.01) 

 
 

Statistical analysis with Spearman's Rho 

indicated a significant correlation between 

inhibition zone diameters (0.063) and the bacteria 

evaluated (r = 0.425). The positive association 

implied that with rising ZnO NPs concentration, 

the bacterial inhibition zone diameter also 

improves (Table 2).  
 

Conclusions  

This study introduced a straightforward, 

cost-effective, and environmentally friendly 

approach to synthesising ZnO NPs employing 

Oryza sativa rice husks. The findings suggested 

that Oryza sativa RH could serve as an efficient 

reducing and capping agent for biosynthesis of 

ZnO NPs. The ZnO NPs procured in the  

present study were characterised with UV-Vis, 

XRD, TEM, FTIR, and SEM-EDX. The NPs  

were less than 21 nm, which was determined  

through the Debye–Scherrer’s equation.  

The SEM-EDX analysis revealed the irregular and 

quadrilateral crystalline nature of the ZnO NPs, 

while the TEM results indicated its rod and  

worm-like shapes. The antibacterial efficacy  

of the biosynthesised ZnO NPs against  

Gram-negative (E. coli and K. pneumoniae) and 

Gram-positive (S. aureus and B. subtilis) bacteria 

was also established. The findings demonstrated 

the potential antibacterial treatment applications 

of the ZnO NPs due to their inherent  

toxicity, which could effectively inhibit bacterial 

growth by generating intracellular reactive 

oxygen species.  
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