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Abstract: 

Zinc oxide (ZnO) nanoparticles have physico-chemical methods, such as cost effectiveness; reduce toxicity, and 

environment sustainability. The present study green synthesis of ZnO nanoparticles using the red algae Gracilaria 

textorii as a natural reducing and stabilizing agent. The optical properties of the synthesized nanoparticles were 

confirmed by UV–Vis spectroscopy, which exhibited a characteristic absorption peak at 347 nm. FTIR analysis 

revealed the presence of Zn–O stretching vibrations within the range of 400–600 cm⁻¹, confirming the formation of 

ZnO. XRD analysis demonstrated the crystalline nature of the nanoparticles, with an average crystallite size of 34.8 nm. 

FESEM micrographs showed flake-like nanosheet morphology with particle agglomeration, while EDX analysis 

verified the elemental composition, consisting of 71.82% Zn and 28.18% O. Furthermore, DLS measurements indicated 

a polydispersity index of 0.351, suggesting a moderately uniform particle size distribution. Electrochemical studies 

performed using cyclic voltammetry revealed quasi-rectangular voltammograms with distinct anodic and cathodic 

responses, indicating efficient charge-transfer characteristics. The photocatalytic activity of the ZnO nanoparticles was 

assessed through the degradation of methylene blue dye under sunlight irradiation, achieving a degradation efficiency of 

76% within 70 min. In addition, the synthesized nanoparticles exhibited considerable antioxidant activity in both DPPH 

and H₂O₂ radical scavenging assays. Significant antibacterial activity was also observed against Escherichia coli, 

Staphylococcus aureus, and Pseudomonas aeruginosa, demonstrating effectiveness against both Gram-positive and 

Gram-negative bacterial strains. Overall, the findings highlight the potential of biosynthesized ZnO nanoparticles as 

multifunctional materials for environmental remediation and biomedical applications. 
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1. INTRODUCTION: 

Nanotechnology is the  science of manipulating matter at the nanoscale to create new and unique materials and products 

with enormous potential to change environment[1,2].zinc oxide nanoparticle has promoted itself as an interesting metal 

oxide material because of its unique physical and chemical properties such as high chemical and mechanical stability, 

broad range of radiation absorption, high catalytic activity,[3] good electrical conductivity, non toxic and 

environmentally friendly nature etc.,[4,5] Zinc oxide is a unique semiconducting material and lot of other interesting 

applications. its widely used as biosensor, solar cells, [6] chemical sensor, gas sensor, photo detectors, catalysts, active 

fillers for rubber [7,8] and plastics, optical material, additive in treatment of water and waste water etc.[9,10] However 

most ZnO nano-particles used commercially produced synthetically which have some advantages, compared to silver 

nano-particle, such as lower cost, white appearance [11]. The antibacterial agents are used to prevent or kill the growth 

of bacteria. Zinc oxide nanoparticles are excellent antibacterial drug activity compared to that of the bulk material [12]. 

Several studies have successfully been led to synthesize ZnO nanoparticles using different organisms such as bacteria, 

fungi, algae, and plants. [13]  Algae are being used more and more in green synthesis because of their abundant 

secondary metabolites, quick growth rate, ease of harvesting, and affordable scale-up[14] Marine macroalgae are 

important ecologically and commercially to many regions of the world, especially in Asian countries such as China, 

Japan and Korea [15]. Seaweeds are classified into three main category: brown algae (phaeophyta), green algae 

(chlorophyta), and red algae (rhodophyta)[16]. Red algae are a widespread group of uni- to multicellular aquatic 

photoautotrophic plants. Planktonic unicellular species have simple life cycles characterized by regular binary cell 

division. [17] Red algae, or Rhodophyta, are one of the oldest groups of eukaryotic algae. The Rhodophyta comprises 

one of the largest phyla of algae, containing over 7,000 currently recognized species with taxonomic revisions ongoing. 

[18] Among marine organisms, marine algae are rich sources of structurally diverse bioactive compounds with various 

biological activities. Recently, their importance as a source of novel bioactive substances is growing rapidly and 

researchers have revealed that marine algal originated compounds exhibit various biological activities [19] The 

synthesized ZnO nanoparticles were comprehensively characterized using UV–Visible spectroscopy, X-ray diffraction 

(XRD), Fourier transform infrared (FTIR) spectroscopy, field emission scanning electron microscopy coupled with 

energy-dispersive X-ray spectroscopy (FESEM–EDX), and dynamic light scattering (DLS) analysis. The photocatalytic 

efficiency of the synthesized ZnO nanoparticles was subsequently investigated through the degradation of methylene 

blue (MB) dye under irradiation conditions. In addition, their antibacterial activity was evaluated against pathogenic 

bacterial strains, namely Escherichia coli, Staphylococcus aureus, and Pseudomonas aeruginosa. The antioxidant 
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potential of the nanoparticles was further assessed using DPPH and hydrogen peroxide (H₂O₂) radical scavenging 

assays. The findings highlight the multifunctional nature of the synthesized ZnO nanoparticles and demonstrate their 

potential for biological and environmental applications. 

 

2. Materials and Methods: 

Zinc nitrate hexahydrate [Zn (NO₃)₂·6H₂O] and sodium hydroxide (NaOH) of analytical grade were used as precursor 

materials for nanoparticle synthesis. Double-distilled deionized (DI) water was employed throughout the experimental 

procedures, and filtration was carried out using Whatman No. 1 filter paper. A zinc nitrate solution was prepared by 

dissolving the required amount of Zn (NO₃)₂·6H₂O in DI water. Chemicals including 2,2-diphenyl-1-picrylhydrazyl 

(DPPH), methylene blue (MB), peptone, and sodium hydroxide were procured from Merck Chemicals, Mumbai, India. 

All reagents were of analytical grade and were used without further purification. 

 

2.1 Collection of seaweed: 

 Samples were collected from shallow waters of the Gulf of Mannar region (Lat. 9◦17N Long. 79◦17E) at Mandapam, 

southeast coast of India. The collected seaweeds were washed with salt water to remove all the epiphytes and then 

allowed in distilled water for about 15 min to remove the salts. Thus, the collected seaweeds were air dried, then cut 

into small pieces and made Grind into powder and used for further studies. [20, 21] 

 

2.2 Preparation of Seaweed Extract: 

 Gracilaria textorii red algae powder (5 g) was added to a conical flask containing 50 mL of ethanol. The mixture was 

vigorously stirred for two hours at 60°C. The extract was well filtered through Whatman filter paper then cooled and 

stored for the biosynthesis process. 

 

2.3 Biosynthesis of zinc oxide nanoparticles: 

The preparation of biosynthesis, 10 ml of seaweed leaf extract was added 90 ml of aqueous solution of 1 mM zinc 

nitrate. Then the solution was kept under constant stirring using a magnetic stirrer to completely dissolve the zinc 

nitrate. After complete dissolution of zinc nitrate, the flask containing the solution was heated on a water bath at 80°C 

for 5–10 min. The pH was adjusted between 5 and 10 using 0.1 M HCl or 0.1 M NaOH aqueous solution to the above 

aqueous solution and placed on magnetic stirrer for 1 h. Finally, the white precipitate was formed and used futher 

analysis. [22] 

 
Figure 1. Synthesis of ZnO nanoparticles using Gracilaria textorii extract 

 

3. CHARACTERISATION: 

UV-Visible spectra analysis was performed on a JASCO V-650 UV - visible spectrophotometer.  The XRD 

measurements were made by analytical X pert powder X Celerator Diffractometer, measurements range: 10 to 80 

degree in 2θ and particle size was calculated using Scherrer’s equation.  The FT-IR spectra were recorded using a 

Nicolet iS5. The surface morphology of the nanoparticles was done using JEOL JSM-6700F. We conducted 

measurement using SEM & EDAX. The electrochemical analyser, CH Instruments Electrochemical Workstation model 

650c was employed for various electrochemical studies. 
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3.1 Electrochemical Studies 

The electrochemical performance of the biosynthesized ZnO nanoparticles was investigated using cyclic voltammetry 

(CV). The working electrode was fabricated by thoroughly mixing 70 wt% ZnO nanoparticles, 20 wt% graphite 

powder, and two drops of silicone oil as a binder to obtain a homogeneous paste. The resulting paste was uniformly 

coated onto a disk electrode surface. A platinum foil served as the counter electrode, while an Ag/AgCl electrode was 

employed as the reference electrode. Electrochemical measurements were carried out in 3 M KOH solution, which 

acted as the supporting electrolyte [23]. 

 

4. Applications: 

4.1Photocatalytic Degradation of Methylene Blue (MB) Dye by ZnO Nanoparticles 

The photocatalytic activity of the synthesized ZnO nanoparticles was evaluated through the degradation of methylene 

blue (MB) dye under natural sunlight irradiation. The experiment was performed using 100 mL of 20 ppm MB dye 

solution containing 50 mg of ZnO nanoparticles in a glass reactor. The reaction mixture was continuously stirred using 

a magnetic stirrer during the irradiation period. Prior to sunlight exposure, the suspension was maintained under dark 

conditions for 30 min to establish adsorption–desorption equilibrium between the dye molecules and the catalyst 

surface. At regular time intervals, aliquots of the reaction mixture were collected and centrifuged to remove the catalyst 

particles. The residual concentration of MB dye was determined by measuring the absorbance at 662 nm using a UV–

Visible spectrophotometer. [24] 

 

4.2 Antioxidant Activity of Synthesized CuO Nanoparticles 

4.2.1 DPPH radical scavenging activity:  

The antioxidant potential of the biosynthesized Zinc oxide nanoparticles was evaluated through their free radical 

scavenging ability against the stable 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical assay [25,26]. Different 

concentrations of the synthesized nanoparticle algae extract (12.5, 25, 50, 100, and 200 µg/mL) were prepared and 

treated with 3.0 mL of 0.1 mM DPPH solution in methanol. The reaction mixtures were maintained in the dark at 

ambient temperature for 30 min. Subsequently, the absorbance was recorded at 517 nm using a UV–Vis 

spectrophotometer (Genesys 10S UV, Thermo Electron Corporation). Ascorbic acid served as the reference standard. 

The percentage inhibition of DPPH radicals was calculated using the following equation. 

% DPPH radical scavenging activity = 
(𝐴0−𝐴1 )

𝐴0
 × 100  

Where A0 is the absorbance of the control 

A1 is the absorbance of the test samples and reference. 

All the tested samples were performed in triplicates and the results were averaged.  

4.2.2 Hydrogen peroxide radial scavenging activity 

 As per the method [27, 28] Hydrogen peroxide (H2O2) scavenging ability of the synthesized nanoparticles ascorbic acid 

was established. In phosphate buffer (pH 7.4) a solution of H2O2 (40mM) was arranged. Dissimilar concentrations 

(12.5, 25, 50, 100 and 200 µg/mL) of nanoparticles ascorbic acid in 3.4 ml phosphate buffer were added.  These are 

added to H2O2 solution (0.6 ml, 40 mM). At 230nm, the absorbance value of the reaction mixture was recorded. The 

percentage scavenging activity of H₂O₂ was determined using the following equation. 

        Scavenging effect (%) = 
(𝐴0−𝐴1 )

𝐴0
 × 100 

Here A0 is the absorbance of control and A1 is the absorbance of the sample 

 

4.3 Antibacterial activity  

The test bacteria was inoculated in peptone water and incubated for 3 – 4 hours at 35 ºC. Mueller hinton agar plates was 

prepared and poured in sterile petriplates. 0.1 ml of bacterial culture was inoculated on the surface of Mueller hinton 

agar plates and spread by using L-rod. The inoculated plates were allowed to dry for five minutes. The disk loaded with 

samples concentration 1000 µg/ml was placed on the surface of inoculated petriplates using sterile technique. The plate 

was incubated at 37 ºC for 18-24 hours. The plate was examined for inhibitory zone and the zone of inhibition was 

measured in mm [29]. 

 

5. Result and Discussion:  

5.1UV–Visible spectroscopy: 

UV–Visible spectroscopy was employed to verify nanoparticle formation within the wavelength range of 200–800 nm. 

Earlier reports have shown that zinc oxide nanostructures typically display a characteristic absorption band between 350 

- 380 nm [30]. The UV–Visible absorption spectrum obtained from the material synthesized using Gracilaria textorii 

extract is shown in Fig. 2. A prominent absorption maximum was observed at 374 nm, confirming the successful 

synthesis of the oxide nanomaterial [31]. The observed absorption arises from the excitation of electrons from the 

valence band to the conduction band, resulting in a characteristic electronic transition. The appearance of this 
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absorption feature in the ultraviolet region provides evidence for the formation of the nanoscale oxide particles. 

Furthermore, the optical properties of the synthesized material were investigated using the Tauc plot approach. The 

optical band gap energy was estimated according to the Tauc equation: 

 (αhν) 2=A (hν−Eg)                                       …… (1) 

Where α is the absorption coefficient, hν is the photon energy, A is a constant, and Eg is the optical band gap energy. A 

plot of (αhν) 2 versus photon energy (hν) was constructed, and the linear portion of the curve was extrapolated to the 

energy axis to determine the band gap value. [32] The band gap energy obtained from the Tauc plot was found to be 

approximately 3.3 eV, which is consistent with reported values for ZnO nanoparticles. 

 
Figure. 2 (a) UV–Visible absorption spectrum of the synthesized ZnO nanoparticles using Gracilaria textorii 

extract and (b) Tauc plot used for the estimation of optical band gap energy 

 

5.2 FTIR Analysis: 

The FTIR spectrum of the synthesized zinc oxide nanoparticles using Gracilaria textorii algae extract was recorded in 

the range of 4000-500 cm-1 identify the functional group of the nanoparticles. Fig 3. A broad band observed around 

3413 cm⁻¹ is attributed to the O–H stretching vibration of hydroxyl groups [33], which may be due to absorbed water 

molecules or alcohol groups present in the Gracilaria textorii algae extract. The peak at 2924 cm⁻¹ corresponds to C–H 

stretching vibrations of aliphatic groups present in biomolecules [34]. A weak band appearing at 2361 cm⁻¹ is assigned 

to C≡C stretching vibrations [35]. The band observed at 1623 cm⁻¹ is related to C=O stretching vibrations, indicating 

the presence of proteins and phenolic compounds from the algal extract that may participate in the reduction and 

stabilization of the nanoparticles. The peak at 1459 cm⁻¹ is attributed to C–N stretching vibrations of aromatic amine 

groups [36]. In addition, the peak at 1048.37 cm⁻¹ is assigned to the stretching vibration of the C–N bond of primary 

amines [37], while the band at 980 cm⁻¹ corresponds to C–O stretching vibrations of alcohols, carboxylic acids, or 

polysaccharides. A strong absorption band observed at 618 cm⁻¹ is characteristic of Zn–O stretching vibrations [38], 

confirming the formation of zinc oxide nanoparticles. The FTIR analysis indicates the presence of various 

phytochemicals such as polyphenols, proteins, and polysaccharides in the algal extract. These biomolecules may act as 

reducing and stabilizing agents during the synthesis process, while the presence of the Zn–O band confirms the 

successful formation of ZnO nanoparticles. 
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Figure 3. Fourier transform infrared (FTIR) spectrum of the synthesized zinc oxide nanoparticles using ethanol 

extract of Gracilaria textorii 

5.3 XRD Analysis: 

The Crystalline Structure and phase purity of ZnO nanoparticles synthesized using Gracilaria textorii extract were 

analyzed using X-ray diffraction. The XRD pattern Fig.4 exhibited well-defined diffraction peaks at 2θ values of 

approximately 31.779, 34.192, 36.624, 47.207, 56.563, 66.327, which correspond to the (100), (002), (101), (102), 

(110) and (201) planes,respectively. These diffraction peaks are in excellent agreement with the standard hexagonal 

wurtzite structure of ZnO, as reported in JCPDS Card No. 36-1451.[39] The absence of any additional impurity peaks 

indicates the high purity of the synthesized material. The average size of the ZnO nanoparticles was measured using the 

Debye-Scherrer equation [40] 

D= kλ βcosθ …….. (2) 

 where D is the average crystalline particle size, λ is the wavelength of x- ray (1.5406 Å), k is the shape factor or 

Scherer’s constant (0.9), θ is Bragg’s diffraction angle, and β is the XRD peak full width at half maximum. Using 

Scherrer’s formula, the average crystalline size of the nano particles formed was estimated and found to be 34.8 nm. 

This confirms that the synthesized ZnO particles are in the nanometer range. 

 
Figure. 4 XRD pattern of the synthesized ZnO nanoparticles through Gracilaria textorii extract 

 

5.4 Scanning Electron Microscopic (FESEM) Analysis: 
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The scanning electron microscope (SEM) analysis was conducted to examine the shape and surface morphology of pure 

ZnO nanoparticles at different magnifications, and the findings are presented in Fig 5. The SEM images of ZnO 

nanoparticles synthesized a green method using extracts from Gracilaria textorii confirm the successful formation of 

stable nanoparticles. At a magnification of 20 µm, the SEM image shows that the ZnO nanoparticles possess a flake-

like nanosheet structure with noticeable agglomeration. The particles appear irregularly distributed, forming a porous 

and layered arrangement, which is likely due to the role of biomolecules from the algae extract during the green 

synthesis process.  

 
Figure. 5 SEM micrograph showing the surface morphology of the synthesized zinc oxide nanoparticles using 

algae extract 

 

5.5 EDX analysis: 

The elemental composition of the ZnO nanoparticles synthesized using Gracilaria textorii extract was confirmed 

through EDX analysis. The spectrum Fig.6 shows both peaks corresponding to zinc and oxygen, indicating the 

successful formation of ZnO nanoparticles. The atomic weight percentage of Zn and O to be 71.82% and 28.18%, 

respectively. Furthermore, the EDX spectrum displays a characteristic oxygen peak around 0.5 keV, along with zinc 

peaks observed at approximately 1 keV and 8.6 keV. The presence of minor variations in peak intensity may be 

attributed to residual phytochemical constituents derived from the algae extract used during synthesis. 

 
Figure.6 EDX analysis confirming the elemental composition of the synthesized zinc oxide nanoparticles 

 

5.6 DLS Analysis: 

http://www.veterinaria.org/
http://www.veterinaria.org/


REDVET - Revista electrónica de Veterinaria - ISSN 1695-7504  

Vol 25, No. 1 (2024)  

http://www.veterinaria.org  

Article Received:25-02-2024  Revised: 10-03-2024   Accepted: 15-03-2024   

 

4656 

The particle size distribution of ZnO nanoparticles synthesized using Gracilaria textorii extract was analyzed using 

DLS Fig 7. The results show a single peak with an average particle size of 2.8 nm, confirming nanoscale formation. The 

size distribution ranges from 1–10 nm, with maximum intensity around 2–4 nm, indicating relatively uniform particle 

formation. The Z-average diameter was found to be 3838.3 nm, which is significantly higher than the mean size due to 

particle aggregation in the colloidal system. The polydispersity index (PDI) value of 0.351 indicates moderate size 

variation. Overall, the results confirm the successful synthesis of ZnO nanoparticles with slight agglomeration. 

 

 
Figure. 7 DLS Spectra of ZnO NPs using Gracilaria textorii seaweed 

 

5.7 Electrochemical Studies: 

The electrochemical behavior of Gracilaria textorii mediated ZnO nanoparticles was evaluvate using cyclic 

voltammetry in a three-electrode configuration consisting of a glassy carbon working electrode, a platinum counter 

electrode, and an Ag/AgCl reference electrode. The analysis was performed in 3 M KOH electrolyte over a potential 

range of −0.8 to +0.4 V, with scan rates varying from 10 to 100 mV s⁻¹ at room temperature. [41] The CV curves 

obtained at various scan rates are shown in Fig 8. shows exhibited a quasi-rectangular shape with broad anodic and 

cathodic regions, indicating the combined contribution of electric double-layer capacitance and surface redox reactions 

associated with ZnO nanoparticles. As the scan rate increased from 10 to 100 mV s⁻¹, the enclosed area of the curves 

gradually increased, accompanied by a corresponding rise in anodic and cathodic current densities. This behavior 

demonstrates the good electrochemical reversibility and rapid charge-transfer kinetics of the synthesized ZnO 

nanoparticles. Similar observations have been reported for green-synthesized ZnO nanomaterials employed in 

supercapacitor applications [42]. The increase in current response with scan rate further suggests efficient charge-

transfer kinetics and rapid ion diffusion at the electrode–electrolyte interface. These characteristics are commonly 

associated with pseudocapacitive materials and demonstrate the ability of the biosynthesized ZnO nanoparticles to 

maintain their electrochemical performance under varying operating conditions.  
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Figure.8 Cyclic volatametry of Zinc oxide nanoparticles using 3M KOH 

Fig. 9 illustrates the effect of scan rate on the anodic (Ipa) and cathodic (Ipc) peak currents of the biosynthesized ZnO 

nanoparticles. A steady increase in both peak currents was observed as the scan rate increased from 10 to 100 mV s⁻¹, 

indicating improved electrochemical responsiveness of the material. The anodic current increased from approximately 

4.3 mA to 24.5 mA, while the cathodic current increased from −2.8 mA to −16.0 mA. The enhanced current values at 

higher scan rates suggest rapid electron transport and effective charge-transfer processes at the electrode surface. The 

results further reveal efficient utilization of electroactive sites and favorable ion diffusion within the electrode–

electrolyte interface.  The synthesized ZnO nanoparticles using Gracilaria textorii extract exhibited excellent 

electrochemical characteristics and their suitability for energy-storage and supercapacitor applications [43]. 

 
Figure.9 Plot of Current Vs Scan rate ZnO NPs using Gracilaria textorii extract 
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6. APPLICATIONS: 

6.1 Photocatalytic Degradation of MB Dye: 

The photocatalytic activity of the biosynthesized ZnO nanoparticles was assessed by monitoring the degradation of 

methylene blue (MB) dye under sunlight irradiation using UV–Visible spectroscopy. As illustrated in Fig. 10(a) the 

absorption spectra recorded at different irradiation times (0–70 min) exhibited a distinct absorption band centered at 

approximately 662 nm, which is characteristic of MB dye. A progressive decline in absorbance intensity was observed 

with increasing irradiation time, demonstrating the effective degradation of the dye molecules. The maximum 

absorbance was recorded before irradiation (0 min), whereas a substantial reduction in peak intensity was noted after 70 

min of exposure, confirming the photocatalytic efficiency of the synthesized ZnO nanoparticles. This decrease in 

absorbance can be attributed to the breakdown of the chromophoric structure of MB during the photocatalytic process. 

Fig.10 (b) The degradation efficiency was calculated, and approximately 76% of the methylene blue dye was degraded 

within 70 minutes, confirming the strong photocatalytic activity of ZnO nanoparticles. A comparable degradation 

efficiency of 78.3% was reported for green-synthesized ZnO nanocrystals [44], while observed approximately 74% 

degradation using ZnO nanoparticle thin films.[45] The slight differences in degradation efficiency may be attributed to 

variations in synthesis method, particle size, morphology, catalyst dosage, irradiation source, and reaction conditions. 

The percentage of dye degradation is calculated according to equation (3) 

% 𝐷𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 =
(𝐶0 −𝐶𝑡 )

𝐶0
 × 100                                …... (3) 

Where Co = initial concentration of dye before exposure to visible light irradiation, 

            Ct = concentration of dye at a specific time t  

 
Figure. 10 UV–Vis absorption spectra of photocatalytic degradation of methylene blue using seaweed extract 

 

6.2 Photocatalytic Mechanism of ZnO Nanoparticles 

The photocatalytic degradation of methylene blue (MB) dye by ZnO nanoparticles under sunlight irradiation is 

governed by the generation of reactive oxygen species through a photo induced redox process. Fig.11 ZnO is a wide-

band-gap semiconductor that can absorb photons with energy equal to or greater than its band-gap energy. Upon light 

irradiation, electrons in the valence band are excited to the conduction band, leaving behind positively charged holes in 

the valence band. The formation of these electron–hole pairs initiates a series of oxidation and reduction reactions on 

the surface of the photocatalyst.The photogenerated electrons migrate to the surface of the ZnO nanoparticles and react 

with dissolved oxygen molecules to form superoxide radical anions (•O₂⁻). Simultaneously, the holes react with 

adsorbed water molecules or hydroxide ions to produce hydroxyl radicals (•OH). These reactive oxygen species are 

highly oxidative and play a critical role in the degradation of organic pollutants.[46,47]  

ZnO + hν → ZnO (e−) + ZnO (h+) 

 

ZnO (e−) + O2 → ZnO + •O2
− 

 

ZnO (h+) + H2O → ZnO + •OH + H+ 

 

H+ + •O2
− → •OOH 

 

•OOH + •OOH → H2O2 + O2 

 

ZnO (e−) + H2O2 → ZnO + •OH + OH− 
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MB + •O2
−/•OH/h+ → Intermediates → CO2 + H2O 

The generated superoxide and hydroxyl radicals attack the chromophoric structure of methylene blue molecules 

adsorbed on the catalyst surface. The continuous oxidative degradation leads to the cleavage of aromatic rings, 

demethylation, and the breakdown of intermediate compounds into smaller molecular fragments. As the reaction 

progresses, these intermediates undergo further oxidation and are ultimately converted into environmentally benign 

products such as carbon dioxide, water, and inorganic ions. Furthermore, sunlight irradiation promotes the continuous 

generation of electron–hole pairs, sustaining the photocatalytic process throughout the reaction period. The gradual 

decrease in the characteristic absorption intensity of methylene blue observed in UV–Vis spectra confirms the 

successful degradation of the dye and demonstrates the effectiveness of ZnO nanoparticles as photocatalysts for 

wastewater remediation applications. 

 
Figure.11 Photocatalytic degradation of Mechanism of ZnO NPs 

 

6.2.1 PSEUDO FIRST ORDERS KINETICS: 

The degradation efficiency of methylene blue (MB) was studied by varying the amount of photocatalyst and the kinetics 

were analyzed based on a pseudo-first-order model.  

The photocatalytic reaction follows the kinetic expression: 

𝑙𝑛 (
𝐶0

𝐶𝑡
) = 𝑘𝑡….. (4) 

Where C0 represents the initial dye concentration, Ct  represents the dye concentration at time t, and k is the apparent 

rate constant (min⁻¹). [48] The linear plot of ln (C0/Ct) versus irradiation time Fig.12 confirms that the degradation 

process follows pseudo-first-order kinetics. The rate constant (k) was calculated from the slope of the linear regression 

plot. The obtained rate constant was 0.0123 min⁻¹, and the correlation coefficient (R²) was 0.9931. The high R² value 

indicates excellent linearity and strong agreement with the pseudo-first-order kinetic model, thereby confirming the 

efficient photocatalytic performance of the synthesized ZnO nanoparticles. 

 

 
Figure. 12 Pseudo First order kinetics of MB dye Synthesized from Gracilaria textorii 
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6.3 Antioxidant activity of ZnO Nanoparticles: 

6.3.1 DPPH Assay: 

The antioxidant activity of ZnO nanoparticles synthesized using Gracilaria textorii was assessed through the DPPH 

radical scavenging assay, and the corresponding results are illustrated in Figure 13 (a) The DPPH scavenging activity of 

both ZnO nanoparticles and ascorbic acid increased progressively with increasing concentration (25–125 µg/mL), 

indicating a concentration-dependent antioxidant behavior. The DPPH scavenging activity of ZnO nanoparticles 

increased from 11.48 ± 0.11% at 25 µg/mL to 62.76 ± 0.23% at 125 µg/mL. Similarly, ascorbic acid exhibited 

scavenging activities ranging from 13.28 ± 0.12% to 66.72 ± 0.21% within the same concentration range. At all tested 

concentrations, the standard antioxidant showed slightly higher scavenging activity than the ZnO nanoparticles. 

However, the synthesized nanoparticles demonstrated substantial antioxidant capacity, particularly at higher 

concentrations. Fig 13 (b) The IC₅₀ value of the ZnO nanoparticles was determined to be 82.16 µg/mL, whereas the 

standard Ascorbic acid exhibited a lower IC₅₀ value of 78.22 µg/mL, suggesting its comparatively higher antioxidant 

efficiency. These findings are consistent with recent reports on seaweed- and plant-derived ZnO nanoparticles 

exhibiting notable antioxidant properties.[49] However, the small difference between the IC₅₀ values indicates that the 

ZnO nanoparticles synthesized using Gracilaria textorii possess notable free radical scavenging capability.[50] The 

observed antioxidant activity can be attributed to the presence of bioactive constituents such as phenolic and flavonoid 

compounds derived from Gracilaria textorii, which function as both reducing and stabilizing agents during nanoparticle 

formation [51]. These phytochemicals are known to enhance the electron-donating capacity of the nanoparticles, 

thereby facilitating the effective neutralization of DPPH free radicals [52].  The results confirm that the synthesized 

ZnO nanoparticles exhibit significant antioxidant potential and are effective in scavenging DPPH radicals. 

 

 
Figure .13 (a) DPPH radical Scavenging activity (b) IC50 value of ZnO NPs using red algae 

 

6.3.2 Hydrogen peroxide radical assay: 

The hydrogen peroxide (H₂O₂) scavenging activity of ZnO nanoparticles synthesized using Gracilaria textorii extract 

was evaluated over a concentration range of 25–125 µg/mL and compared with the standard antioxidant, ascorbic acid. 

The antioxidant activity determined by the H₂O₂ radical scavenging assay is presented in Fig. 14(a) The results revealed 

a concentration-dependent increase in scavenging activity for both the synthesized ZnO nanoparticles and the standard 

antioxidant. At lower concentrations, the ZnO nanoparticles exhibited lower scavenging activity than ascorbic acid. 

However, a significant increase in antioxidant activity was observed with increasing concentration. The percentage 

inhibition increased progressively from the lowest to the highest concentration, indicating enhanced hydrogen peroxide 

scavenging efficiency of the synthesized nanoparticles. It was observed that the ZnO nanoparticles exhibited slightly 

higher scavenging activity at 100 µg/mL, whereas at 125 µg/mL, the inhibition efficiencies of the nanoparticles and 

ascorbic acid were nearly comparable. Fig 14(b) The IC₅₀ values, representing the concentration required to scavenge 

50% of hydrogen peroxide radicals, were determined to be 74.48 µg/mL for the ZnO nanoparticles and 71.32 µg/mL for 

ascorbic acid. Although the standard antioxidant exhibited a slightly lower IC₅₀ value, indicating greater antioxidant 

effectiveness, the relatively close IC₅₀ values suggest that the synthesized ZnO nanoparticles possess considerable 

hydrogen peroxide scavenging activity. 
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Figure .14 (a) Hydrogen peroxide (H₂O₂) scavenging activity of ZnO nanoparticles (b) IC50 value of ZnO NPs 

using Gracilaria textorii 

 

6.4 Antibacterial activity: 

The antibacterial activity of ZnO nanoparticles synthesized using Gracilaria textorii extract was assessed against 

Escherichia coli, Staphylococcus aureus, and Pseudomonas aeruginosa using the agar well diffusion method. The 

results presented in Fig.15 (a&b) and Table 1 demonstrates that the synthesized ZnO nanoparticles exhibited 

appreciable antibacterial activity against all tested bacterial strains.  The standard antibiotic ciprofloxacin produced 

inhibition zones of 27 mm against E. coli and 25 mm against both S. aureus and P. aeruginosa, indicating its superior 

antibacterial efficacy. However, ZnO nanoparticles also demonstrated noticeable inhibitory effects, with the zone of 

inhibition generally increasing as the nanoparticle concentration increased. 

Among the tested organisms, P. aeruginosa showed the highest susceptibility toward ZnO nanoparticles, with inhibition 

zones increasing from 15 mm at 50 µL to 20 mm at 150–250 µL. Similarly, S. aureus exhibited significant antibacterial 

activity, showing a maximum inhibition zone of 19 mm at 250 µL. In contrast, E. coli displayed comparatively lower 

sensitivity, with inhibition zones ranging from 7 mm to 15 mm. The lower susceptibility of E. coli may be attributed to 

the complex outer membrane structure of Gram-negative bacteria, which acts as an additional barrier against 

nanoparticle penetration. The antibacterial efficacy of the ZnO nanoparticles can be attributed to their nanoscale 

dimensions and high surface area, which facilitate strong interactions with bacterial cell membranes. The bioactive 

constituents present in Gracilaria textorii extract, including phenolic compounds, polysaccharides, and other secondary 

metabolites, are believed to play a significant role in the stabilization of ZnO nanoparticles and may positively influence 

their biological properties [53]. The results obtained in the present study reveal that the synthesized ZnO nanoparticles 

exhibit effective antibacterial activity against both Gram-positive and Gram-negative bacterial strains. The broad-

spectrum antimicrobial efficacy observed highlights the potential of these nanoparticles as sustainable and eco-friendly 

materials for future biomedical and pharmaceutical applications. 

 

Table.1 Antibacterial activity of ZnO nanoparticles using Gracilaria textorii ethanol extract: 

 

 

Bacteria 

Inhibition zone in mm 

Ab ciprofloxacin 50 µl 100 µl 150 µl 200 µl 250 µl 

E.coli 27 7 12 15 15 15 

Staphylococcus aureus 25 15 16 18 15 19 

Pseudomonas aeruginosa 25 15 17 20 20 20 
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Figure 15 (a). Antibacterial activity of ZnO nanoparticles using ethanol extract of algae using the agar well 

diffusion method 

 
Figure 16 (b) Bar diagram of agar well diffusion method using ZnO nanoparticles 

 

7. Conclusion: 

In the present study, ZnO nanoparticles were fabricated using Gracilaria textorii extract through a green synthesis 

strategy that avoids the use of hazardous chemicals. The bioactive compounds present in the algae extract played a 

crucial role in the reduction and stabilization of the nanoparticles. Comprehensive characterization by UV–Vis, FTIR, 

XRD, SEM, EDX, and DLS analyses verified the formation, crystallinity, morphology, elemental composition, and 

particle size distribution of the synthesized ZnO NPs. Electrochemical investigations using cyclic voltammetry 

demonstrated enhanced electron-transfer behavior, indicating the suitability of the nanoparticles for catalytic 

applications. The photocatalytic activity of the synthesized ZnO NPs was assessed against methylene blue (MB) dye 

under light irradiation. A continuous decline in the characteristic absorption peak of MB was observed with increasing 

irradiation time, and significant decolorization was achieved after 70 min, confirming the efficient photocatalytic 

performance of the nanoparticles. Moreover, the ZnO NPs exhibited pronounced antibacterial efficacy against 

Escherichia coli, Staphylococcus aureus, and Pseudomonas aeruginosa. The nanoparticles also showed considerable 

free-radical scavenging potential in both DPPH and H₂O₂ antioxidant assays. Overall, the results demonstrate that algae-

mediated ZnO nanoparticles possess promising photocatalytic, antibacterial, and antioxidant properties, making them 

attractive candidates for environmental and biomedical applications. 
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