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Synthesis and Characterization of Titanium Dioxide Nanoparticles from Ethanol Extracts of Portunus pelagicus (Linnaeus, 1758) and Their Evaluation of Brine Shrimp Lethality Assay

ABSTRACT
Aim: The present study focusses on the synthesis of titanium dioxide nanoparticles from the shell and the whole-body tissue ethanolic extracts of the blue crab Portunus pelagicus (Linnaeus, 1758). Materials and Methods: The nature and characteristics of the synthesized nanoparticles were analysed using various techniques including XRD, FTIR, SEM, EDS and UV-visible spectroscopy. The brine shrimp lethality assay of the synthesized nanoparticles was also evaluated. Results: The results revealed that the nanoparticles were spherical in shape, exhibited a tetragonal structure with an anatase phase, and were confirmed as titanium dioxide nanoparticles by EDS analysis. UV-visible spectral studies indicated a band gap energy of 3.14 eV. The brine shrimp lethality assay of the nanoparticles synthesized from ethanolic extract of shell demonstrated insignificant mortality at low doses with only a slight increase at 1500 µg/ml, while the nanoparticles synthesized from ethanolic extract of tissue exhibited dose dependent cytotoxic activity. Conclusion: Thus, the synthesized titanium dioxide nanoparticles exhibit promising potential for diverse applications. 
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1. INTRODUCTION
Nanoparticles are engineered materials that have been created to have at least one dimension less than 100 nm. Numerous physical, chemical and biological methods have been used to synthesize nanoparticles. Conventional methods for synthesizing nanoparticles require toxic chemicals and hazardous organic solvents, which have an adverse effect on the environment (Shahzaib et al., 2024). Green synthesis methods typically utilize natural and sustainable materials, including plant extracts, microorganisms, and other biocompatible substances. This approach minimizes the environmental impact by using less hazardous chemicals and solvents associated with conventional industrial techniques (Shakeel et al., 2025). Titanium dioxide nanoparticles are widely used by researchers worldwide in a variety of applications because of their versatility. (Bhullar et al., 2021). Additionally, titanium dioxide nanoparticles have a variety of useful applications in the food additive sector, antimicrobial and antibacterial agents, cosmetics, photocatalysts to degrade wastewater contaminants, and sensors (Habib et al., 2023).
Portunus pelagicus (Linnaeus, 1758) often referred to as the blue swimmer crab or sand crab, is a species of commercial significance in many regions of the world (Koolkarnkhai et al., 2019). Portunus pelagicus inhabits shallow water up to a depth of 16m, with a substrate consisting of mud, sand and muddy sand. The blue swimmer crabs inhabit coastal waters that reach as far as 50 meters below the continental shelf (Susanto et al., 2022). Portunus pelagicus is a significant commercial species in the crab industry around the coasts of Thoothukudi and the Gulf of Mannar. There is a global demand for this popular seafood product, particularly in Asian nations (Liu et al., 2022). Since the shell of Portunus pelagicus contains high mineral content and the body tissue is rich in protein, vitamins and PUFA (Wilson et al., 2017) they can be employed as reducing agents in nanoparticle synthesis. Previous studies have demonstrated the synthesis of titanium dioxide nanoparticles using crustin, an antimicrobial peptide extracted from the blue crab (Portunus pelagicus) which exhibited excellent bactericidal, fungicidal and photocatalytic activities (Rekha et al., 2019).
The Brine shrimp lethality assay was first introduced by Meyer et al., in 1982. In the marine environment, Artemia species are crucial in the energy flow of the food chain. Toxic substances like pesticides and heavy metals have been tested for acute toxicity using Artemia species (Gajbhiye & Hirota, 1990; Nunes et al., 2006; Kokkali et al., 2011). Artemia salina or Brine shrimp, is the predominant zooplankton species utilized in ecotoxicological research owing to its simplicity of cultivation, widespread availability, great adaptation to unfavourable conditions, small size and affordable expense. As a result, the toxicity of nanoparticles has been evaluated in recent years utilizing A. salina as a standard reference organism (Unal et al., 2024).
There is a paucity of knowledge in this area of research. Hence the present study aims to elucidate the synthesis and characterization of titanium dioxide nanoparticles from the shell and body tissue of Portunus pelagicus and evaluate their effects on brine shrimp lethality assay.
2. MATERIALS AND METHODS
2.1 Collection of the sample and Preparation of extract
In the present study, the Portunus pelagicus were collected from coastal region of Thoothukudi district, Tamilnadu. The shell and tissue of the crabs were separated, shade dried and powdered. The extraction was carried out using the Hingmire et al., (2017) methodology with some modifications. The powdered samples were soaked in ethanol which is kept in the magnetic stirrer for about 2 hr. Then the mixture was kept in the ultra-sonicator for 30 min. Filter paper was used to filter the extracts, and the filtrate was kept in an airtight container. 
2.2 Synthesis of Titanium dioxide nanoparticles
The Titanium dioxide nanoparticles were synthesised by following the method of Ahn et al., (2022) with some modifications. The ethanolic extract of shell and tissue of Portunus pelagicus were used as reducing agent. Titanium tetraisopropoxide was used as the precursor for nanoparticle synthesis. The ethanolic extract of crab shell and crab tissue were mixed separately to a mixture of titanium tetraisopropoxide (100 µl) and isopropyl alcohol (9 ml) in different beakers. It was stirred in magnetic stirrer at room temperature. The reaction produced a white precipitate. The Whatman paper was used to filter and the precipitate was collected. The precipitate was dried in the hot air oven at 100ºC. The dried powder was calcined in a muffle furnace for 4 hr at 600ºC. The white-coloured fine nanoparticles were obtained as a final product.
[bookmark: _Hlk206609533][bookmark: _Hlk207010372]2.3 Characterization of Titanium dioxide nanoparticles by X-ray Diffraction analysis (XRD)
The crystalline phase of synthesized titanium dioxide nanoparticles was determined by XRD analysis using X'Pert Pro-PAnalytical. The study was performed using Cu Kα with λ = 1.540 Å, 40 kV, and 30 mA and the analysis was recorded between 10 and 80 degrees. It is possible to ascertain the particle crystallinity by comparing the peak locations and intensities to reference patterns established by the Joint Committee on Power Diffraction Standards (JCPDS). The crystallite size was measured by the Debye–Scherrer equation. 
[bookmark: _Hlk206609629]2.4 UV-vis Spectroscopic analysis
The titanium dioxide nanoparticles were examined under UV-visible spectroscopic analysis. Titanium dioxide nanoparticles were introduced in a cuvette with sterile distilled water acting as a blank for the measurement. The titanium dioxide nanoparticles were scanned using the JASCO V-770 between 200 and 800 nm in wavelength. 
2.5 FTIR analysis
[bookmark: _Hlk206609958]The Shimadzu MIRacle 10 (Znse) FTIR spectrometer equipment was utilized to perform FTIR in order to identify the distinctive peaks and their functional groups in the 400-4000 cm-1 range. The titanium dioxide nanoparticles were mixed with KBr pellets. After mixing, the powder sample was placed in the sample holder, and FTIR spectra were obtained. The FTIR peak values were noted. 
2.6 Scanning Electron Microscopy (SEM) analysis and Energy Dispersive Spectroscopy (EDS)
Synthesized titanium dioxide nanoparticles were examined for surface morphology and atomic weight composition using a SEM combined with an EDS analyser. The morphology of the nanoparticles was investigated using the JEOL-JSM-IT 200 operated at an accelerating voltage of 20 kV. EDX analysis was used to determine the elemental composition, including atomic and mass percentages.
[bookmark: _Hlk193809038]2.7 Brine Shrimp Lethality Assay 
The brine shrimp lethality assay was determined by following the method of Suryawanshi et al., (2020) with some modifications. The brine shrimp (Artemia salina) eggs had been purchased from pet stores. 1 litre of distilled water was used to dissolve 38 g of sea salt (without iodine), which was then filtered to produce a clear solution. Then the eggs were incubated for 48 hr in a small water tank filled with seawater in order to hatch. The required amount of light and oxygen were supplied continuously. The hatched nauplii was taken carefully using a pasteur pipette.
[bookmark: _Hlk204873566][bookmark: _Hlk171781098]The titanium dioxide nanoparticles were prepared at various concentrations. Thirty nauplii were introduced into a mixture containing saline solution (25 ml) and varying concentrations of the test samples. After 24 hr, the number of survivors was counted and the Artemia salina was considered dead when they did not present internal or external movements during 1 min of observation. The negative control was saline water. Additionally, positive control, potassium dichromate, at a concentration of 1 mg/ml was included. The experiment was carried out in vitro, and the brine shrimp lethality assay does not use vertebrate models. Therefore, there was no need for Institutional Animal Ethics Committee approval. The mortality percentage was calculated by the following formula:

2.8 Statistical Analysis
Each test was conducted in triplicate and the results were displayed as the mean ± standard deviation which was computed using Microsoft Excel spreadsheet. 
3. RESULTS AND DISCUSSION
3.1 X-ray diffraction (XRD) analysis
The XRD pattern of TiO2 nanoparticles synthesized from ethanolic extract of shell has been shown in figure 1. The diffraction angle (2θ) at 25.5118, 37.9864, 38.7687, 48.1989, 54.0983, 55.2761, 62.8496, 68.9637, 70.4567, 75.2491 which corresponds to the plane of (101), (004), (112), (200), (105), (211), (204), (116), (220), (215) respectively. It confirms that the prepared TiO2 nanoparticles exhibited anatase phase and tetragonal structure as referenced in JCPDS-ICDD card: 21-1272. 
The average crystallite size of the synthesized TiO2 nanoparticles was calculated using Debye Scherrer's equation, D = K λ / β cosθ 
where D - Crystallite size; K – Scherrer constant; λ - Wavelength of X-ray; β - Full width half maxima; θ - Bragg diffraction angle of the concerned diffraction peak. The average crystalline size of synthesized titanium dioxide nanoparticles was 32.59 nm. 
The following equation can be used for calculating the lattice parameters ‘a’, ‘b’, and ‘c’ for the tetragonal structure.

The lattice values that have been calculated were, a = b = 3.77612 Å and c = 9.47516 Å. 
[bookmark: _Hlk207355995][bookmark: _Hlk207637019]The XRD pattern of TiO2 nanoparticles synthesized from ethanolic extract of tissue has been shown in figure 1. The diffraction angle (2θ) at 25.6203, 38.125, 48.3168, 54.1964, 55.3522, 62.942, 69.1202, 70.5113 and 75.3323 which corresponds to the plane of (101), (112), (200), (105), (211), (204), (116), (220), (215) respectively which also confirm anatase phase (JCPDS-ICDD card: 21-1272). The average crystallite size of synthesized titanium dioxide nanoparticles was 24.49 nm. The lattice values that have been calculated were, a = b = 3.7675 Å and c = 9.0315 Å.  The results of this study aligned well with the lattice parameters a= 3.7852 Å, b=3.7852 Å and c = 9.5139 Å from JCPDS-ICDD card: 21-1272. 
Similar to the present study, Rajeshkumar et al., (2021) synthesised titanium dioxide nanoparticles from Andrographis paniculata and reported that the XRD pattern showed anatase phase and the average crystallite size was around 22.97 nm. Alarif et al., (2023) also synthesized TiO2 nanoparticles from red sea sponge Carteriospongia foliascens and the TiO2 nanoparticles exhibited anatase phase. Furthermore, the calcination of the nanoparticles at 400℃, which is relatively low compared to elevated temperatures ranging from 1100℃ to 1500℃, promotes the formation of the anatase phase and result in small crystallite sizes (Bhullar et al., 2021) which also confirms the formation of anatase phase in the present study.
3.2 UV-vis Spectral Studies
The UV-visible spectra and Tauc plot of TiO2 nanoparticles synthesized from ethanolic extract of shell is shown in figure 2 and 3. The peak of maximum absorption was detected at 332 nm. 
The energy band gap has been calculated by using the following formula

Where, h is the Plank’s constant, Eg is the band gap energy (eV), c is the light velocity and λ is the wavelength (nm). The band gap energy for titanium dioxide nanoparticles synthesised using the shell of Portunus pelagicus was 3.14 eV.
[bookmark: _Hlk207637249][bookmark: _Hlk193811403]The UV-visible spectra and Tauc plot of TiO2 nanoparticles synthesized from ethanolic extract of tissue is shown in figure 2 and 3. The peak of maximum absorption was detected at 306 nm. The band gap energy was 3.14 eV. Corresponding to the current work, Anbumani et al., (2022) observed that the maximum absorption peak was at 322 nm which was a preliminary sign for the synthesis of TiO2 nanoparticles. Bachhar et al., (2024) reported that the sharp peak was at 326nm. 
3.3 FTIR analysis
The FTIR spectra of TiO2 nanoparticles synthesized from ethanolic extract of shell is shown in figure 4. The FTIR spectrum showed peaks at 3811.34, 1743.65, 1527.62, 1095.57, 964.41, 671.23, 540.07 and 432.05 cm-1. The peaks at 3811.34, 1743.65, 1527.62, 1095.57 corresponded to hydroxyl groups, aliphatic esters, nitro compounds and aliphatic amines. Anbumani et al., (2022) and Nithiyavathi et al., (2021) observed that the presence of these organic groups indicates that the organic source was responsible for reducing TiO2. The bands of absorption that lie between the 400-700 cm−1 region indicate the presence of Ti–O stretching vibrations and peaks in the range of 600-800 cm−1 were consistent with Ti–O–Ti stretching movement (Nabi et al., 2024). Thus, the peaks at 964.41, 671.23, 540.07, and 432.05 in the current investigation can be attributed to the stretching vibrations of Ti–O and Ti–O–Ti. The anatase titania contribution is represented by the absorption band seen in the 400–800 cm−1 region (Yihunie, 2023). Therefore, the peaks at 671.23, 540.07 and 432.05 confirmed the anatase phase of TiO2 nanoparticles. 
The FTIR spectra of TiO2 nanoparticles synthesized from ethanolic extract of tissue is shown in figure 4. The FTIR spectrum showed peaks at 3927.07, 2353.16, 1527.62, 964.41, 725.23, 609.51, 540.07, 509.21, 462.92 and 424.34 cm-1. The peak around 3927.07 cm-1 corresponds to hydroxyl groups (O–H). The peak at 2353.16 corresponds to C≡N, stretching frequencies indicating the presence of biomolecules from the supernatant (Rathore et al., 2024), 1527.62 corresponds to N-O asymmetric stretching of nitro compounds. The peaks at 964.41, 725.23, 609.51, 540.07, 509.21, 462.92 and 424.34 can be attributed to Ti–O and Ti–O–Ti stretching vibration. The peaks at 725.23, 609.51, 540.07, 509.21, 462.92 and 424.34 confirmed the formation of anatase phase of TiO2 nanoparticles. In accordance with the present study, Alarif et al., (2023) noted the stretching modes of Ti–O bonds and Ti–O–Ti bridges in the 600-900 cm-1 FTIR frequencies range. Rana et al., (2024) also reported that the characteristic peak at 772.5 cm-1 confirms the formation of anatase phase of nanoparticles. 
[bookmark: _Hlk167372643]3.4 SEM and EDS spectral analysis
[bookmark: _Hlk209882264]Figure 5a and 5b displays the SEM images of TiO2 nanoparticles synthesized from ethanolic extract of shell and tissue. The SEM study of both the extracts clearly revealed that the synthesised TiO2 nanoparticles exhibited spherical in their structures. There was significant agglomeration, in which several nanoparticles clustered to form larger structures. Strong Van der Waals forces between the nanoparticles and their high surface energy are probably the causes of these agglomerates.
[bookmark: _Hlk207637216][bookmark: _Hlk193811103][bookmark: _Hlk193811040][bookmark: _Hlk207098515]The results of the EDS studies of TiO2 nanoparticles synthesized from ethanolic extract of shell and tissue confirmed the presence of titanium and oxygen (Figure 6a & Figure 6b). The mass and atom percentage of TiO2 nanoparticles synthesized from ethanolic extract of shell and tissue are shown in Table 1 and 2. The composition of titanium and oxygen elements are much higher compared with other elements. The carbon and zinc peak may be due to presence of minerals in the extract (Selvi et al., 2022). Aligned with the present research, Alarif et al., (2023) noted that the EDS analysis revealed the peaks for the elements Ti, O and C.
[bookmark: _Hlk204873352]3.5 Brine Shrimp Lethality Assay 
The assay findings were provided as the mortality percentage at varied titanium dioxide nanoparticles concentrations after 24 hours (figure 7). At lower concentrations, the mortality percentage of TiO2 nanoparticles synthesized from an ethanolic extract of shell was negligible and there was not a noticeable increase in lethality between 100 and 1000 µg/ml. At the highest concentration (1500 µg/ml) there was slight increase in mortality. The TiO2 nanoparticles synthesized from ethanolic extract of tissue revealed a direct correlation between the concentration of the nanoparticles and the degree of mortality. The negative control saline water showed zero mortality. The positive control, potassium dichromate showed maximum lethality 100% of shrimps at 1mg/ml concentration. In accordance with the present research, Natarajan Sankar et al., (2024) had synthesized TiO2 nanoparticles through Euphorbia tirucalli and also found that the nanoparticles exhibited a lower cytotoxic effect at lower concentration, gradually increased with higher concentration. Yuvashree et al., (2020) synthesized grape seed mediated titanium dioxide nanoparticles and it was found to have negligible or extremely low cytotoxic effect on nauplii and the number of alive nauplii was directly proportional to the concentration. The results of the present study corroborate well with the above findings, showing that the concentration of TiO2 nanoparticles was directly correlated with the extent of lethality.
4. CONCLUSION 
Titanium dioxide nanoparticles were synthesized using an ethanolic extract of shell and tissue of Portunus pelagicus. X-ray Diffraction, Ultraviolet-visible Spectroscopy, Fourier Transform Infrared Spectroscopy, Scanning Electron Microscopy and Energy Dispersive Spectroscopy were used to characterize the nanoparticles. The characterisation showed that the synthesized titanium dioxide nanoparticles showed spherical shape, have a tetragonal structure and an anatase phase. The presence of titanium and oxygen has been confirmed by the EDS results. The band gap energy was found to be 3.14 eV by UV-vis studies. The brine shrimp lethality assay of the nanoparticles synthesized from the ethanolic extract of shell exhibited negligible mortality at low doses, with a slight increase observed at 1500 µg/ml, whereas the nanoparticles synthesized from the ethanolic extract of tissue displayed dose dependent cytotoxicity. This method of synthesizing nanoparticles was eco-friendly and cost-effective. 
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[bookmark: _GoBack]ABBREVIATIONS
TiO2: Titanium Dioxide; XRD: X-ray diffraction analysis; UV-vis: Ultra violet-visible; FTIR: Fourier Transform Infrared; SEM: Scanning Electron Microscope; EDS: Energy Dispersive Spectroscopy; JCPDS: Joint Committee on Power Diffraction Standards; ICDD: International Centre for Diffraction Data; PUFA: Polyunsaturated Fatty Acids; eV: electron volt
Table 1: EDS analysis showing mass and atom percentages of TiO2 nanoparticles synthesized from ethanolic extract of shell.
	Element 
	Line 
	Mass% 
	Atom%

	C
	K
	4.67±0.04
	9.04±0.08

	O
	K
	46.24±0.34
	67.25±0.49

	Ti
	K
	48.11±0.18
	23.37±0.09

	Zn
	K
	0.98±0.06
	0.35±0.02

	Total
	
	100.00
	100.00



Table 2: EDS analysis showing mass and atom percentages of TiO2 nanoparticles synthesized from ethanolic extract of tissue.
	Element 
	Line 
	Mass% 
	Atom%

	C
	K
	2.63±0.03
	5.47±0.07

	O
	K
	42.07±0.35
	65.70±0.54

	Ti
	K
	55.12±0.20
	28.75±0.10

	Zn
	K
	0.18±0.05
	0.07±0.02

	Total
	
	100.00
	100.00







Figure 1: XRD graph of TiO2 nanoparticles synthesized from ethanolic extract of shell and tissue (A) Shell; (B) tissue.


Figure 2: UV graph of TiO2 nanoparticles synthesized from ethanolic extract of shell and tissue (A) Shell; (B) tissue.


[bookmark: _Hlk210990789]Figure 3: Tauc plot of TiO2 nanoparticles synthesized from ethanolic extract of shell and tissue (A) Shell; (B) tissue.


Figure 4: FTIR spectrum of TiO2 nanoparticles synthesized from ethanolic extract of shell and tissue (A) Shell; (B) tissue. 

Figure 5a: SEM image of TiO2 nanoparticles synthesized from ethanolic extract of shell.
 
Figure 5b: SEM image of TiO2 nanoparticles synthesized from ethanolic extract of tissue.
[image: ]
Figure 6a: EDS spectra of TiO2 nanoparticles synthesized from ethanolic extract of shell.


[image: ]
Figure 6b: EDS spectra of TiO2 nanoparticles synthesized from ethanolic extract of tissue.

Figure 7: Mortality percentage of TiO2 nanoparticles synthesized using crab shell and tissue extracts. Results are expressed as mean ± standard deviation.
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