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Abstract 
Cerium oxide nanoparticles (CeO₂ NPs) were successfully synthesized using Sargassum wightii aqueous extract via a 
green synthesis approach. UV–Visible spectroscopy showed a characteristic absorption peak at 354 nm, confirming 
nanoparticle formation [25,26]. FTIR analysis revealed the involvement of hydroxyl, carbonyl, and amine groups in 
reduction and stabilization, while XRD confirmed a face-centered cubic fluorite structure with high crystallinity and an 
average crystallite size of ~15.9 nm [21]. SEM images indicated predominantly spherical nanoparticles with slight 
agglomeration, and EDX analysis confirmed the elemental composition of cerium and oxygen, indicating high purity. 
The synthesized SW–CeO₂ NPs exhibited significant antibacterial activity against both Gram-positive and Gram-negative 
bacteria, with concentration-dependent inhibition, particularly against Escherichia coli and Pseudomonas [22]. DPPH 
assay demonstrated notable antioxidant activity, increasing from 18.45% to 74.32% with concentration, indicating strong 
free radical scavenging ability [22]. 
The nanoscale size, high surface area, and redox properties (Ce³⁺/Ce⁴⁺) enhance their potential in drug delivery 
applications, enabling efficient drug loading, controlled release, and protection against oxidative stress [23]. 
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Introduction 
Antimicrobial resistance (AMR) has emerged as a 
serious global health challenge, as microorganisms 
continuously evolve resistance mechanisms that reduce 
the effectiveness of existing antimicrobial drugs. This 
growing resistance significantly limits the treatment of 
common infections and increases the risk of disease 
spread, severe illness, and death. Both bacterial and 
fungal pathogens are developing resistance to multiple 
drugs, creating a major burden on healthcare systems 
worldwide. Recent studies report that millions of deaths 
are associated with AMR, and this number is expected to 
rise drastically if current antibiotic usage continues 
unchecked [1,2]. Therefore, there is an urgent need to 
explore alternative and effective strategies to combat 
resistant pathogens. 
Cancer remains one of the leading causes of mortality 
worldwide and is characterized by uncontrolled cell 
division and abnormal tissue growth. Conventional 
treatment approaches such as chemotherapy, 
radiotherapy, and surgery often lack specificity and can 
damage healthy cells along with cancerous ones. 
Hepatocellular carcinoma (HCC), a major form of liver 
cancer, accounts for a significant proportion of cancer-
related deaths and continues to show increasing 
incidence globally. Despite advancements in cancer 
therapy, many treatments are expensive and limited in 

their ability to selectively target cancer cells. Hence, 
there is a growing demand for safer, cost-effective, and 
targeted therapeutic approaches [3,4]. 
Metal and metal oxide nanoparticles have gained 
considerable attention due to their unique 
physicochemical properties, such as high surface area-
to-volume ratio, enhanced reactivity, and excellent 
optical behaviour. These features make them suitable for 
various biomedical applications, including 
antimicrobial, antioxidant, and anticancer therapies. 
Among them, cerium oxide nanoparticles (CeO₂ NPs) 
have attracted significant interest because of their unique 
redox properties, which involve reversible switching 
between Ce³⁺ and Ce⁴⁺ oxidation states. This 
characteristic enables them to effectively regulate 
reactive oxygen species (ROS), thereby exhibiting 
strong antioxidant and antimicrobial activities [5]. 
Additionally, CeO₂ nanoparticles have shown promising 
antibacterial effects against a wide range of pathogenic 
microorganisms and possess the ability to induce 
oxidative stress in cancer cells, leading to cell death 
[4,5]. 
Nanoparticles can be synthesized using physical, 
chemical, and biological methods. Physical and 
chemical approaches often require high energy input and 
involve toxic chemicals, making them less 
environmentally friendly. In contrast, biological 
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synthesis offers a green, sustainable, and cost-effective 
alternative. Algae-mediated synthesis, in particular, has 
gained attention due to its simplicity and the presence of 
diverse bioactive compounds that act as reducing and 
stabilizing agents during nanoparticle formation [8,9]. 
Sargassum wightii, a brown marine macroalga 
belonging to the family Sargassaceae, is rich in bioactive 
constituents such as fucoidan, fucoxanthin, polyphenols, 
and flavonoids. These compounds play a vital role in the 
green synthesis and stabilization of nanoparticles. 
Furthermore, Sargassum wightii exhibits various 
biological activities, including antimicrobial, 
antioxidant, anti-inflammatory, and anticancer 
properties, making it a suitable candidate for 
nanoparticle synthesis [10]. 
Based on these advantages, the present study focuses on 
the green synthesis of cerium oxide nanoparticles using 
Sargassum wightii extract (SW-CeO₂ NPs). The 
synthesized nanoparticles were characterized using 
various analytical techniques, and their antimicrobial 
activity against pathogenic microorganisms, anticancer 
efficacy against the HepG2 liver cancer cell line, and 
larvicidal potential were systematically evaluated. 
 
2.Materials and methods 
 2.1.Collection of Seaweed sample: 
The fresh sample of (S. wightii) was collected from HVG 
Industries  (GST No: 33AAIFH1476K1Z9) , Bharathi 
Nagar, Maduravoyal, Chennai – 600095, Tamil Nadu, 
India. The collected Seaweed Sample  was identified and 
authenticated by Dr. P. Victoria Rani, Associate 
professor, Department of Botany, SVSSC Government 
Degree College (A), Sullurupet, Tirupati District. 
Andhra Pradesh. India 
To eliminate dirt and related organisms, the sample was 
carefully washed distilled water and then dried for 15 
days at room temperature in the shade. Using an electric 
kitchen blender, the dried components were blended in 
to powder and kept in an airtight container for later use.  
 
2.2 Preparation of Seaweed Extract 
Dried and powdered Sargassum wightii (5 g, w/w) was 
dispersed in distilled water to obtain an aqueous extract. 
The mixture was subjected to continuous agitation using 
an orbital shaker at 150 rpm for 24 hours to ensure 
efficient extraction of bioactive compounds [7]. The 
secondary metabolites present in Sargassum wightii, 
containing various functional groups such as phenols, 
flavonoids, and polysaccharides, play a significant role 
in the reduction and stabilization of cerium ions, leading 
to the formation of cerium oxide nanoparticles (CeO₂) 
[8,9]. After extraction, the mixture was filtered through 
Whatman No. 1 filter paper to obtain a clear dark 
reddish-brown algal extract. The filtrate was then 
collected and stored at 4 °C under dark conditions for 
further nanoparticle synthesis and analysis [10]. 
 
2.3 Green Synthesis of Cerium Oxide Nanoparticles 
(CeO2 NPs) 
2.3.1 Preparation of the Reaction Mixture and 
Precipitation of Nanoparticle 

Cerium oxide nanoparticles (CeO₂ NPs) were 
synthesized using a green approach by preparing a 
precursor solution of cerium nitrate hexahydrate. In this 
method, 2.17 g of cerium nitrate hexahydrate 
[Ce(NO₃)₃·6H₂O] was dissolved in 100 mL of distilled 
water to obtain a 50 mM solution. Subsequently, 20 mL 
of Sargassum wightii aqueous extract was added to this 
solution under continuous stirring. The extract is rich in 
bioactive secondary metabolites, which play a 
significant role in nanoparticle formation [8]. 
The reaction mixture was maintained at 80 °C and stirred 
continuously at 500 rpm using a magnetic stirrer to 
ensure uniform mixing and effective interaction between 
the precursor and phytochemicals. During the reaction, 
biomolecules such as polyphenols and polysaccharides 
present in the Sargassum wightii extract acted as natural 
reducing and stabilizing agents, facilitating the 
conversion of cerium ions into cerium hydroxide 
intermediates, which subsequently led to the formation 
of cerium oxide nanoparticles (CeO₂ NPs). 
A visible colour change from dark brown to pale yellow 
was observed during the reaction, which confirms the 
formation of CeO₂ nanoparticles [11].(Showed in 
Graphical abstract) 
 

 
 
2.3.2 Purification and Calcination 
The obtained mixture was centrifuged at 4000 rpm to 
separate the precipitate from the liquid phase. The 
collected solids were then filtered and repeatedly 
washed with distilled water at room temperature to 
remove residual nitrates and unreacted biomaterials. The 
purified sample was dried overnight in an oven at 40 °C 
to obtain a dry precursor. 
To convert the hydroxide intermediate into crystalline 
cerium oxide (CeO₂), the dried powder was subjected to 
calcination in a muffle furnace [18]. Initially, the sample 
was calcined at 80 °C for 2 h in air, followed by further 
heat treatment at 100 °C for 16 h to improve crystallinity 
and structural stability. The final product was then dried 
to obtain pure CeO₂ nanoparticle powder. 
 

Graphical abstract 
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Characterization  
UV–visible spectroscopy analysis 
The UV–Visible spectroscopic analysis of CeO₂ 
nanoparticles was carried out using a JASCO V-730 
UV–Visible Spectrophotometer with a 1 cm quartz 
cuvette at room temperature. The absorbance spectrum 
was recorded in the wavelength range of 200–1000 nm. 
A characteristic absorption peak was observed at 354 
nm, which confirms the formation of CeO₂ nanoparticles 
and indicates their optical properties. 
 
Fourier transform InfraRed (FT-IR) analysis 
FT-IR spectra of the synthesized CeO₂ nanoparticles 
were recorded using the KBr pellet technique in a 
sample-to-KBr ratio of 1:100. The spectra were obtained 
in the wavenumber range of 400–4000 cm⁻¹ using a 
Shimadzu IR Affinity-1S FT-IR spectrophotometer with 
suitable resolution. This analysis was performed to 
identify the functional groups involved in the synthesis 
and stabilization of CeO₂ nanoparticles. 
 
X-ray diffraction (XRD) analysis 
X-ray diffraction (XRD) analysis was carried out using 
a Bruker D8 Advance diffractometer to determine the 
crystalline nature and phase purity of the synthesized 
CeO₂ nanoparticles. The powdered sample was finely 
ground and uniformly spread on a glass sample holder 
for analysis. The diffraction pattern was recorded using 
Cu Kα radiation (λ = 1.5406 Å) over a 2θ range of 10°–
80° with an appropriate scanning rate. The obtained 
XRD data were analysed using X'Pert HighScore 

software, and the average crystallite size was estimated 
from the full width at half maximum (FWHM) of the 
diffraction peaks by applying the Scherrer equation. 
 
Scanning electron microscopy (SEM) 
Scanning Electron Microscopy (SEM) was used to 
investigate the surface morphology and average particle 
size of the synthesized CeO₂ nanoparticles. For analysis, 
the sample was fixed onto an SEM stub using double-
sided carbon tape and then coated with a thin gold layer 
to enhance electrical conductivity. The micrographs 
were obtained at an accelerating voltage of 20 kV using 
a ZEISS scanning electron microscope. The SEM results 
showed that the particles were present in the nanometre 
size range.  
 
Energy dispersive x-ray spectroscopy (EDX) analysis 
Energy Dispersive X-ray (EDX) analysis was carried out 
to determine the elemental composition and purity of the 
synthesized CeO₂ nanoparticles. The sample was 
examined using a ZEISS Smart EDX system attached to 
the scanning electron microscope operated at an 
accelerating voltage of 20 kV. The EDX spectra were 
recorded in the energy range of 0–13 keV. The analysis 
confirmed the presence of cerium (Ce) and oxygen (O) 
as the major elements, indicating the successful 
formation and high purity of CeO₂ nanoparticles. 
 
Result and discussion 
UV–visible spectroscopy of SW-CeO2 NPs 
The UV–Visible absorption spectrum of the synthesized 
cerium oxide nanoparticles (CeO₂ NPs) showed a 
distinct absorption maximum at approximately 354 nm 
(Fig. 1), which is considered a characteristic absorption 
peak of cerium oxide nanostructures. This absorption 
band is mainly attributed to the charge transfer transition 
between oxygen ions (O²⁻, 2p) and cerium ions (Ce⁴⁺, 
4f), confirming the successful formation of nanosized 
CeO₂ nanoparticles [25][26]. The presence of this 
absorption peak in the ultraviolet region agrees well with 
previous reports, where CeO₂ nanoparticles generally 
exhibit absorption peaks in the range of 300–370 nm 
depending on the synthesis route, particle size, and 
surface chemistry. 
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The broad nature of the absorption spectrum followed by 
a gradual decrease toward the visible region indicates 
size-dependent optical behaviour and suggests the 
formation of well-dispersed nanoparticles with reduced 
agglomeration. The slight shift of the absorption peak 
toward a higher wavelength compared to bulk CeO₂ may 
be due to quantum confinement effects and the presence 
of oxygen vacancies on the nanoparticle surface. These 
oxygen vacancies play an important role in modifying 
the electronic structure and enhancing the catalytic, 
antioxidant, and biological properties of CeO₂ 
nanoparticles through reversible redox transitions 
between Ce³⁺ and Ce⁴⁺ states [21]. 
The absence of multiple absorption peaks further 
confirms the phase purity of the synthesized 
nanoparticles and indicates minimal impurity 
contribution during the synthesis process. In green 
synthesis methods, seaweed-derived phytochemicals act 
as reducing, stabilizing, and capping agents, which help 
prevent nanoparticle aggregation and improve 
dispersion stability. This enhanced stability improves the 
physicochemical properties of the nanoparticles and 
increases their suitability for biomedical and 
pharmaceutical applications. 
CeO₂ nanoparticles have attracted considerable attention 
because of their excellent redox properties, antioxidant 
activity, high surface area, and good biocompatibility. 
The optical behaviour observed in the UV–Visible 

spectrum is directly associated with the presence of 
oxygen vacancies, which enable strong reactive oxygen 
species (ROS) scavenging activity. This property makes 
CeO₂ nanoparticles highly useful in therapeutic 
applications related to oxidative stress, including cancer, 
inflammation, and neurodegenerative disorders 
[22][23]. Their nanoscale size also supports improved 
cellular uptake, enhanced permeability, and better 
interaction with biological systems, which are highly 
important for efficient drug loading, controlled release, 
and targeted delivery of therapeutic agents. In addition, 
the large surface area and modifiable surface chemistry 
of CeO₂ nanoparticles make them suitable candidates for 
advanced nanocarrier systems and theragnostic 
applications [23]. 
Therefore, the UV–Visible spectroscopic analysis 
clearly confirms the successful synthesis of CeO₂ 
nanoparticles through the presence of the characteristic 
absorption peak at 354 nm. The observed optical 
properties indicate nanoscale dimensions, good stability, 
phase purity, and the presence of oxygen vacancies, 
which are essential for their catalytic and biomedical 
performance. These characteristics demonstrate that the 
synthesized CeO₂ nanoparticles possess strong potential 
for applications in nanomedicine, particularly in 
controlled drug delivery and targeted therapeutic 
systems. 

 
FTIR Spectroscopic Analysis of Sargassum wightii Extract and SW-CeO₂ Nanoparticles with Drug Delivery 
Relevance 
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Fourier Transform Infrared (FTIR) spectroscopy was 
employed to identify the major functional groups present 
in the Sargassum wightii seaweed extract and to 
determine their role in the biosynthesis, stabilization, 
and capping of cerium oxide nanoparticles (CeO₂ NPs). 
Fig. A represents the FTIR spectrum of the crude 
Sargassum wightii extract, while (Fig. B) shows the 
FTIR spectrum of the synthesized Sargassum wightii 
mediated cerium oxide nanoparticles (SW-CeO₂ NPs). 
Comparative analysis of both spectra confirms the active 
participation of phytochemical constituents in the 
reduction of cerium ions and nanoparticle stabilization. 
In Fig. 2, the broad and strong absorption band observed 
around 3375 cm⁻¹ corresponds to O–H stretching 
vibrations of hydroxyl groups present in phenols, 
alcohols, and polysaccharides. These hydroxyl-rich 
compounds are commonly found in brown seaweeds and 

act as effective reducing agents during nanoparticle 
synthesis [18]. The absorption peaks observed near 2924 
cm⁻¹ indicate C–H stretching vibrations of aliphatic 
compounds, while the strong peak around 1714 cm⁻¹ is 
attributed to C=O stretching of carbonyl groups present 
in proteins, polyphenols, and carboxylic acids. The peak 
near 1620 cm⁻¹ corresponds to N–H bending vibrations 
of amine groups or amide linkages of proteins, 
suggesting the involvement of proteins in nanoparticle 
stabilization [17]. Peaks observed around 1219 cm⁻¹ and 
1041 cm⁻¹ are associated with C–O stretching vibrations 
of alcohols, ethers, and polysaccharides. These results 
indicate that hydroxyl, carboxyl, and amine-containing 
biomolecules present in Sargassum wightii play an 
important role in the reduction and stabilization of 
nanoparticles. 

Fig.2: FTIR analysis of S. wightii seaweed extract 

Fig.3: FTIR analysis of SW-CeO2 NPs 
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In Fig. 3, the FTIR spectrum of SW-CeO₂ NPs shows 
slight shifting and reduction in peak intensity compared 
to the crude extract, confirming the interaction of these 
functional groups with cerium ions during nanoparticle 
formation. The broad peak around 3377 cm⁻¹ again 
indicates O–H stretching vibrations, confirming the 
presence of surface-bound hydroxyl groups. The peaks 
near 2925 cm⁻¹ and 1714 cm⁻¹ represent C–H and C=O 
stretching vibrations, respectively, while the band near 
1620 cm⁻¹ indicates amide or amine functional groups. 
The peaks observed at 1379 cm⁻¹, 1212 cm⁻¹, and 1096 
cm⁻¹ correspond to C–O and C–N stretching vibrations. 
Most importantly, the characteristic peak observed in the 
lower region around 680–500 cm⁻¹ confirms the metal–
oxygen (Ce–O) stretching vibration, which strongly 
supports the successful formation of cerium oxide 
nanoparticles [16][19]. 
The FTIR results clearly demonstrate that the bioactive 
compounds present in Sargassum wightii function as 

natural reducing, capping, and stabilizing agents during 
the green synthesis of CeO₂ nanoparticles. These surface 
functional groups significantly improve nanoparticle 
stability and biocompatibility, which are highly 
desirable properties for pharmaceutical applications. In 
drug delivery systems, surface-bound hydroxyl, 
carboxyl, and amino groups facilitate efficient drug 
loading, surface modification, and controlled release of 
therapeutic agents. Additionally, CeO₂ nanoparticles 
possess antioxidant properties, high surface area, and 
excellent redox behaviour, making them promising 
nanocarriers for targeted and sustained drug delivery 
applications [15]. 
Therefore, FTIR analysis not only confirms the 
successful green synthesis of SW-CeO₂ nanoparticles but 
also highlights their strong potential for application in 
advanced drug delivery technology and other biomedical 
fields. 

 
XRD analysis Sargassum wightii cerium oxide nanoparticles (SW-CeO2 NPs) 

 
Figure 4 :  XRD pattern of the annealed CeO2 nanoparticles at 400°C. 

 
The crystal structure and phase composition of the 
synthesized Sargassum wightii mediated cerium oxide 
nanoparticles (SW-CeO₂ NPs) were confirmed by X-ray 
diffraction (XRD) analysis. The obtained XRD pattern 
(Fig. 4) showed prominent diffraction peaks at 2θ values 
of 28.5°, 33.1°, 47.5°, 56.3°, 59.0°, 69.4°, 76.7°, and 
79.1°, corresponding to the crystallographic planes of 
(111), (200), (220), (311), (222), (400), (331), and (420) 
of the face-centered cubic (fcc) fluorite structure of 
CeO₂. These peaks are in good agreement with standard 
JCPDS card No. 34-0394, confirming the successful 
formation of pure crystalline CeO₂ nanoparticles 
[25][26]. 
The intense peak at the (111) plane indicates high 
crystallinity and preferential growth orientation. The 

absence of impurity peaks confirms the phase purity of 
the nanoparticles, while slight peak broadening indicates 
their nanocrystalline nature. The average crystallite size 
was calculated using the Debye–Scherrer equation and 
was found to be approximately 15.9 nm, confirming the 
formation of nanosized SW-CeO₂ NPs [21]. 
The small crystallite size, high surface area, and stable 
crystal structure make SW-CeO₂ NPs highly suitable for 
drug delivery applications. Their excellent redox 
properties, antioxidant activity, and biocompatibility 
support efficient drug loading, controlled release, and 
targeted therapeutic delivery, especially for oxidative 
stress-related diseases [22][23]. 

 
Table 1. hkl Indexing from 2θ Values of SW–CeO₂ Nanoparticles 
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2θ 
(Degree) 

1000*sin²θ 1000*sin²θ / 
Constant 

hkl Remarks 

28.5 61.5 3.0 (111) 12 + 12 + 12 

33.1 82.0 4.0 (200) 22 + 02 + 02 

47.5 164.2 8.0 (220) 22 + 22 + 02 

56.3 246.0 11.0 (311) 32 + 12 + 12 

59.0 268.5 12.0 (222) 22 + 22 + 22 

 
Table 2. Particle Size Calculated Using the Debye–Scherrer Equation 

2θ (Degree) FWHM Crystallite Size (nm) 
28.5 0.33395 22.54 
33.1 0.36108 20.45 
47.5 0.45524 14.89 
56.3 0.57146 11.00 
59.0 0.57630 10.61 
Average 15.90 

 
Structural analysis of SW-CeO2 NPs (Scanning electron microscopy) : 

 
Fig. 5. SEM images of SW-CeO2 NPs. 

 
The morphology, shape, and surface topography of the 
synthesized Sargassum wightii mediated cerium oxide 
nanoparticles (SW-CeO₂ NPs) were confirmed using 
SEM analysis, as shown in Fig. 5. The SEM images 
revealed that the SW-CeO₂ NPs were predominantly 
spherical to nearly spherical in shape with slight 
agglomeration and uniform surface distribution. Similar 
spherical morphology of green synthesized CeO₂ 
nanoparticles was also reported by [22]. The particle size 
was observed in the nanometre range, indicating 
successful nanoparticle formation. Due to the high 
surface energy and surface tension of CeO₂ 
nanoparticles, slight aggregation of larger particles was 
observed, which is commonly seen in metal oxide 
nanoparticles, as reported by [24]. The small particle 
size and high surface area of the nanoparticles 
significantly enhance their biological activity and 
improve their suitability for biomedical applications, 
particularly in drug delivery systems, by increasing drug 

loading efficiency, controlled release behaviour, and 
cellular uptake. Thus, the SEM results confirm the 
successful formation of stable SW-CeO₂ nanoparticles 
with promising pharmaceutical applications. 
 
Elemental study of SW-CeO2 NPs  
The elemental composition of the synthesized 
Sargassum wightii mediated cerium oxide nanoparticles 
(SW-CeO₂ NPs) was confirmed by EDX analysis, as 
shown in Fig. 5. The EDX spectrum showed strong 
peaks corresponding to cerium (Ce) and oxygen (O), 
confirming the successful formation of CeO₂ 
nanoparticles. Similar characteristic peaks for Ce and O 
were also reported by [22], supporting the presence of 
pure cerium oxide nanostructures. The major peaks 
observed in the range of 0.5–6.0 keV indicate the 
formation of stable CeO₂ nanoparticles. 
A small carbon peak was also observed, which may be 
due to the phytochemical residues of Sargassum wightii 
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extract acting as natural reducing and capping agents. 
[24] also reported that biological extracts help in 
stabilizing nanoparticles and reducing agglomeration. 
The absence of impurity peaks confirms the purity of the 
synthesized nanoparticles. 
The good elemental purity, nanoscale structure, and 
surface stability make SW-CeO₂ NPs suitable for drug 

delivery applications. Their high surface area improves 
drug loading efficiency, while their antioxidant and ROS 
scavenging properties support targeted therapeutic 
delivery, especially in cancer and inflammation 
treatment [23]. 

 

 
Fig.6.   EDX Analysis of SW-CeO2 NPs 

 
Biological activity 
Antimicrobial activity 

 
 

Testing of Antimicrobial activity 
The antimicrobial activity of the prepared samples was 
evaluated using the agar well diffusion method, which is 
widely used in clinical laboratories for testing the 
susceptibility of microorganisms against different 
samples. In this method, sterile nutrient agar plates were 
uniformly inoculated with the test organisms, and wells 
were made on the agar surface for sample loading. 
According to [13] the growth of microorganisms and 
diffusion of the test sample occur simultaneously, 
resulting in the formation of a clear circular zone of 
inhibition around the well where the concentration of the 
sample exceeds the inhibitory level. The diameter of this 

inhibition zone depends on both the antimicrobial 
strength of the sample and the sensitivity of the 
microorganism. 
This method requires proper standardization because the 
zone of inhibition can be influenced by factors such as 
inoculum size, agar thickness, medium composition, 
incubation temperature, and moisture content [14] 
reported that maintaining these conditions is essential 
for obtaining accurate and reproducible antimicrobial 
results. After incubation, the inhibition zones were 
measured in millimeters using a zone reader, and the 
observed clear zones confirmed the antimicrobial 
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activity of the synthesized samples against the tested 
bacterial strains. 
 
Procedure: 
Preparation of nutrient agar: 
Agar medium is prepared by mixing nutrient medium 
with commercially available agar powder if nutrient 
medium is not available then it can be individually 
prepared by water, peptone, beef extract and agar. 1 gm 
of agar was weighed and was mixed with nutrient 
medium in 100 ml of water and poured into petri plates 
which is kept for autoclave at 121°C at 15 lbs [13]. 
Using a standard, make a suspension at an appropriate 
turbidity of the bacterial culture to be tested. 1 to 2 drops 
of gram positive and gram negative bacteria was placed 
on sterile nutrient agar plate each for spreading. 
Spreading was done with the help of sterile spreader. 
Plates were incubated within 15 minutes after applying 

the disks. The plates should be incubated soon after 
placing the wells since the test is standardized under 
conditions where diffusion of the test samples and 
bacterial growth commences. From the table of 
antibacterial susceptibilities, it is determined if the strain 
is resistant, intermediate, or susceptible to the samples 
tested [14]. 
 
Antibacterial activity of samples 
Following inoculation, the bacteria were incubated for a 
standardized period of 24 hours to allow for the 
development of observable zones of inhibition around 
sample wells. 
The results of the antimicrobial activity test were 
systematically documented and are summarized in the 
table. The zones of inhibition, indicative of the 
effectiveness of each sample against the respective 
isolates, were measured and recorded. 

 
Antibacterial activity of  SW-CeO2 NPs 
 
Antibacterial activity of SW-CeO2 NPs against different bacteria’s with different concentrations: 
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The antibacterial activity of Sargassum wightii mediated 
Cerium oxide nanoparticles (CeO₂ NPs) (SW-CeO₂ NPs) 
was evaluated against four bacterial strains, namely 
Escherichia coli, Pseudomonas species, Staphylococcus 
species, and Bacillus species, using the zone of 
inhibition (ZOI) method [13][14]. Different 
concentrations of the synthesized nanoparticles (50, 100, 
150, and 200 µg) were tested, and the results were 
compared with a standard antibiotic (50 µg/10 µL). 
For E. coli (Fig. 9), the inhibition zone gradually 
increased from 0.4 cm at 50 µg to 0.8 cm at 200 µg, 
indicating a concentration-dependent antibacterial effect 
of the nanoparticles. Similar dose-dependent 
antibacterial activity of CeO₂ nanoparticles against E. 
coli was also reported by [22]. The standard antibiotic 
produced a larger inhibition zone of 1.0 cm. 
In the case of Pseudomonas (Fig. 8), the inhibition zone 
increased from 0.3 cm to 0.8 cm as the nanoparticle 
concentration increased, showing significant 
antibacterial activity at higher concentrations. 
According to Thovhogi et al. (2015), green synthesized 
CeO₂ nanoparticles exhibited strong inhibitory effects 
against Gram-negative bacteria such as Pseudomonas. 
The standard antibiotic exhibited the maximum 
inhibition zone of 1.2 cm. 

For Staphylococcus (Fig. 7), the inhibition zones ranged 
from 0.4 cm to 0.6 cm, suggesting moderate antibacterial 
activity compared to the other tested strains. Similar 
moderate antibacterial responses of CeO₂ nanoparticles 
against Gram-positive bacteria were reported by [18]. 
The standard antibiotic showed a higher inhibition zone 
of 0.9 cm. 
Similarly, Bacillus (Fig. 6) showed a lower inhibition 
zone of 0.1 cm at 50 µg, which increased to 0.7 cm at 
200 µg, demonstrating improved antibacterial 
performance at higher concentrations. The standard 
antibiotic showed an inhibition zone of 1.0 cm. Similar 
findings were observed by Patil et al. (2021), where 
higher nanoparticle concentrations showed better 
antibacterial efficiency (Table.3). 
Overall, the results confirmed that the synthesized 
Sargassum wightii mediated cerium oxide nanoparticles 
(CeO₂ NPs) exhibited dose-dependent antibacterial 
activity against all tested bacterial strains. Among the 
tested organisms, Pseudomonas and E. coli showed 
comparatively higher sensitivity, while Staphylococcus 
and Bacillus showed relatively lower sensitivity, which 
agrees with earlier reports on the antibacterial behaviour 
of green synthesized CeO₂ nanoparticles [19][22]. 
[13][14]. 

 
Antibacterial activity of  S.wightii seaweed crude extract 

 
Antibacterial activity of S.wightii seaweed crude extract against different bacteria’s with different 
concentrations: 
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Table 3. Comparative antibacterial activity of Sargassum wightii crude extract, SW–CeO₂ nanoparticles, and 
standard antibiotic against selected bacterial strains at different concentrations (Zone of inhibition in cm) 

 

        E. coli Pseudomonas Staphylococcus Bacillus 

Seaweed Extract     
50 0.4 cm 0.3 cm 0.2 cm 0.4 cm 
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100 0.4 cm 0.5 cm 0.3 cm 0.5 cm 

150 0.6 cm 0.5 cm 0.5 cm 0.8 cm 

200 0.9 cm 0.6 cm 0.6 cm 0.8 cm 

Antibiotic     

50 0.9 cm 0.8 cm 1.0cm 0.9 cm 

SW-CeO2 NPs     
50 0.4 cm 0.3 cm 0.4 cm 0.1 cm 
100 0.6 cm 0.4 cm 0.5 cm 0.4 cm 

150 0.7 cm 0.8 cm 0.5 cm 0.5 cm 

200 0.8 cm 0.8 cm 0.6 cm 0.7 cm 

Antibiotic     
50 1.0 cm 1.2 cm 0.9 cm 1.0 cm 

 
The antibacterial activity of synthesized Sargassum 
wightii mediated cerium oxide nanoparticles (SW-CeO₂ 
NPs) was evaluated against four bacterial strains, 
namely E. coli, Pseudomonas, Staphylococcus, and 
Bacillus, using the agar well diffusion method. The 
inhibition zones increased with increasing nanoparticle 
concentration, indicating dose-dependent antibacterial 
activity. Similar concentration-dependent antibacterial 
effects of CeO₂ nanoparticles were also reported by [22]. 
For E. coli, the inhibition zone increased from 0.4 cm at 
50 µg to 0.9 cm at 200 µg, which was equal to the 
standard antibiotic (0.9 cm), showing strong 
antibacterial activity. In Pseudomonas, the inhibition 
zone increased from 0.3 cm to 0.6 cm, while the standard 
antibiotic showed 0.8 cm inhibition. [19] also reported 
good antibacterial activity of green synthesized CeO₂ 
nanoparticles against Gram-negative bacteria. 
For Staphylococcus, the inhibition zone increased from 
0.2 cm to 0.6 cm, whereas the standard antibiotic showed 
a higher inhibition zone of 1.0 cm, indicating moderate 
antibacterial activity. Similarly, Bacillus showed 
inhibition zones ranging from 0.4 cm to 0.8 cm, while 
the standard antibiotic showed 0.9 cm. [18] reported 
similar antibacterial responses of CeO₂ nanoparticles 
against Gram-positive bacterial strains. 
Overall, the results confirmed that SW-CeO₂ NPs 
exhibited effective antibacterial activity against all 
tested bacterial strains, with E. coli and Bacillus showing 
comparatively higher sensitivity, while Pseudomonas 
and Staphylococcus showed moderate sensitivity. The 
antibacterial action may be due to the generation of 
reactive oxygen species (ROS) and strong interaction of 
nanoparticles with bacterial cell membranes, leading to 
cell damage and growth inhibition [24] (Table.3). 
 
DPPH ASSAY (Antioxidant activity) 
The antioxidant potential of Sargassum wightii seaweed 
crude extract and Sargassum wightii mediated cerium 
oxide nanoparticles (SW–CeO₂ NPs) was evaluated 
(Fig.14)(Fig.15) using the DPPH free radical scavenging 
assay. The gradual colour change observed in the test 
tubes from deep violet to pale yellow confirmed the 

reduction of DPPH radicals by the antioxidant 
compounds present in the samples. The decrease in 
violet coloration became more prominent with 
increasing concentration, indicating concentration-
dependent antioxidant activity. Similar observations 
have been widely reported for nanoparticle-mediated 
DPPH scavenging assays [27]. 

The antioxidant activity results revealed that both the 
seaweed extract and SW–CeO₂ nanoparticles exhibited 
significant free radical scavenging ability. The SW–
CeO₂ nanoparticles showed an increase in radical 
scavenging activity (%RSA) from 18.45% at 12.5 µg/µL 
to 74.32% at 200 µg/µL, demonstrating strong dose-
dependent antioxidant behaviour. The Sargassum 
wightii crude extract also exhibited considerable 
antioxidant activity, increasing from 21.08% to 87.01% 
with increasing concentration. The standard antioxidant, 
ascorbic acid, showed %RSA values ranging from 
16.68% to 82.89%. 

The enhanced antioxidant activity of SW–CeO₂ 
nanoparticles may be attributed to the reversible redox 
cycling between Ce³⁺ and Ce⁴⁺ ions and the presence of 
oxygen vacancies on the nanoparticle surface, which 
facilitate efficient scavenging of reactive oxygen species 
(ROS) [23]. In addition, bioactive phytochemicals such 
as phenolics, flavonoids, and polysaccharides present in 
Sargassum wightii contribute to the stabilization and 
antioxidant potential of the nanoparticles [24]. 

The antioxidant behaviour observed in the present study 
indicates that SW–CeO₂ nanoparticles possess 
promising biomedical significance. Nanoparticles with 
strong ROS scavenging activity are highly valuable in 
drug delivery science and technology because they can 
protect therapeutic molecules from oxidative 
degradation and improve drug stability during delivery 
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[28]. Furthermore, the nanoscale size, high surface area, 
and surface functional groups of SW–CeO₂ 
nanoparticles support efficient drug loading, controlled 
drug release, and targeted therapeutic applications, 
particularly in oxidative stress-related disorders, cancer 
therapy, and anti-inflammatory treatments [29]. 
Therefore, the synthesized SW–CeO₂ nanoparticles may 
serve as potential multifunctional nanocarriers for 
advanced biomedical and pharmaceutical applications. 

 

 

 
Fig. 14. DPPH free radical scavenging activity of 
Sargassum wightii crude extract at different 
concentrations 

 
 
Fig. 15. DPPH free radical scavenging activity of SW–
CeO₂ nanoparticles at different concentrations. 

 

 
 
 
 
 
 

Concentration 
(µg/µl) 

12.5µg/12.5µl 25µg/25µl 50µg/50µl 75µg/75µl 100µg/100µl 200µg/200µl 

SW-CeO2 NPs 18.45 20.46 29.37 41.92 57.36 74.32 

S.wightii seaweed 
extract 

21.08 38.75 43.94 57.85 64.43 87.01 

Ascorbic 
acid(%RSA) 

16.68 28.06 36.67 72.205 78.735 82.895 

Table.4 . Anti oxidant activity(%RSA) of SW-CeO2 NPs and SW seaweed crude extract and Ascorbic acid 
 
DPPH Free Radical Scavenging Activity 
Figure 16 shows the antioxidant activity (%RSA) of 
SW–CeO₂ NPs, Sargassum wightii crude extract, and 
standard ascorbic acid using the DPPH assay. The 
%RSA values increased with increasing concentration, 
indicating concentration-dependent antioxidant activity. 
SW–CeO₂ NPs exhibited antioxidant activity from 
18.45% to 74.32%, while the seaweed extract showed 
higher activity ranging from 21.08% to 87.01%. 
Ascorbic acid showed strong antioxidant activity with 

%RSA values up to 82.89%. The antioxidant potential of 
SW–CeO₂ NPs may be due to the reversible Ce³⁺/Ce⁴⁺ 
redox cycle and oxygen vacancies, which help scavenge 
reactive oxygen species (ROS) [22][23]. These 
properties also support their potential application in drug 
delivery systems by improving drug stability and 
reducing oxidative stress during therapeutic delivery 
[25]. 
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Figure 16: Bar graph representation of  Antioxidant activity (%RSA) of SW-CeO2 NPs and SW seaweed crude 

extract and Ascorbic acid 
 
Conclusion 
In the present study, cerium oxide nanoparticles (CeO2 
NPs) were successfully synthesized using the aqueous 
extract of Sargassum wightii through an eco-friendly 
green synthesis approach. The formation of stable and 
crystalline CeO₂ nanoparticles was confirmed by 
comprehensive spectroscopic and structural 
characterization. UV–Visible spectroscopy revealed a 
characteristic absorption peak in the UV region, 
indicating nanoparticle formation. X-ray diffraction 
(XRD) analysis confirmed a face-cantered cubic (fcc) 
fluorite crystal structure with high phase purity, while 
FTIR analysis demonstrated the involvement of algal 
phytochemicals such as hydroxyl, carboxyl, and amine 
groups in the reduction and stabilization of the 
nanoparticles. Furthermore, SEM analysis revealed 
nanoscale particles with relatively uniform morphology 
and slight agglomeration, and EDX analysis confirmed 
the elemental composition of cerium and oxygen, 
validating the formation of CeO₂ nanoparticles. 
The biologically synthesized SW–CeO₂ nanoparticles 
exhibited significantly enhanced antimicrobial activity 
compared to the crude algal extract, showing 
concentration-dependent inhibition against both Gram-
positive (Staphylococcus and Bacillus) and Gram-
negative (Escherichia coli and Pseudomonas) bacterial 
strains, with notable effectiveness against Pseudomonas 
and E. coli. In addition, the antioxidant activity of SW–
CeO₂ nanoparticles was higher than that of the aqueous 
extract, demonstrating improved free radical scavenging 
ability and approaching the activity of the standard 
antioxidant, ascorbic acid, at higher concentrations. This 
enhanced biological performance can be attributed to the 
nanoscale size, increased surface area, and the 
synergistic interaction between cerium oxide and the 
bioactive compounds present in Sargassum wightii. 

Furthermore, these physicochemical and biological 
properties make SW–CeO₂ nanoparticles promising 
candidates for applications in drug delivery science and 
technology. Their high surface reactivity and reversible 
redox behaviour (Ce³⁺/Ce⁴⁺) facilitate efficient drug 
loading, controlled and sustained release, and protection 
of therapeutic agents from oxidative degradation. 
Additionally, their strong antioxidant properties enable 
the reduction of oxidative stress in biological systems, 
enhancing therapeutic efficacy in various disease 
conditions. Overall, the present study highlights 
Sargassum wightii-mediated CeO₂ nanoparticles as eco-
friendly, multifunctional nanomaterials with significant 
potential in antimicrobial, antioxidant, and advanced 
drug delivery applications, along with broader 
biomedical and environmental uses. 
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