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Abstract
Backgrounds: The fast rise in anthropogenic activity, particularly in the aquatic ecosystem, has resulted in microplastic contamination in recent years. A wide range of harsh environmental circumstances can cause stress to aquatic organisms.
Aim  of  the Works: This study aims to better understand the changes in proximate constituents that occur in the post larval stage on long term exposure by using a wide range of biomarkers to identify distinct and individual patterns of Litopenaeus vannamei responses to high density polyethylene microplastics.
Methodology: The post larval stage of Litopenaeus vannamei were exposed to wHDPE-MP  for 45 days in order to evaluate changes in proximate constituents such as crude protein, fibre, amino acids ash and moisture contents were  measured during the period of exposure. Similarly 15 days recovery period the same parameters were measure to see any changes occur during depuration periods. 
Results: The  proximate constituents including crude protein, fats, fibre and ash contents decreased significantly following exposure of L. vannamei  to wHDPE-MP  for 45 days.  During depuration these values showed significant differences with respective control group and does not show any recovery from the stress due to microplastics
Conclusions: Post larval stages exposed  to  wHDPE-MP showed changes in the growth pattern and proximate constituents,  the  current  study  discovered  a  substantial  relationship between    stress  and  changes occur in the proximate constituents.  Overall,  the  findings  suggest  that  post larval stages is  the  most susceptible  component  to  wHDPE-MP and it will directly affect the growth of the white shrimp which leads to consequences in the aquaculture industry. 
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1. Introduction 
Plastic materials have become an indispensable component of our everyday lives due to its high strength, low weight, durability, non-porous nature, resistance to heat and water, and generally low cost (He et al., 2020). Long chain polymers comprising silicon, hydrogen, oxygen, carbon, and chloride that come from coal, natural gas, and petroleum make up plastics (Sharma and Chatterjee,  2017). Due to the significant social advantages of synthetic polymers, manufacturing has multiplied since their discovery in the 20th century. Until a very dependable alternative choice, such as bio-polymers, biodegradable plastic, etc., is provided, it will be extremely difficult to divert the entire system from utilising plastic (He et al., 2020).  Because of their extensive dispersion in both aquatic and terrestrial ecosystems, microplastics are widely acknowledged as a significant environmental concern. The textile industry has been found to be a major source of microplastic pollution, mostly because of the microfibers that are released at various stages of the manufacture and use of synthetic textiles. Synthetic microfibers are released in large quantities during fabric washing, according to research, and they significantly impact water systems by getting into sewage wastewater and building up in aquatic environments (Balestra et al., 2024).
Nearly 9.1 billion tonnes of plastic have been produced worldwide in the last few decades, and the annual rate is steadily rising, producing 274 million tonnes of plastic solid waste in recent years (Dey et al., 2023). This amount is predicted to double in the near future and may surpass the mass of all fish in the marine environment by 2050, though it is still unknown how much microplastic has been released into the ocean recently (Moodley et al 2024). Furthermore, the recent COVID-19 pandemic outbreak caused a sharp rise in the manufacturing of personal protective equipment (masks, gloves, etc.), which is contributing to the amount of plastic waste in the terrestrial and aquatic environments and creating a new threat in addition to the already-existing plastic pollution (Alfaro-Núñez et al., 2021). Nearly 70% of all plastic materials produced wind up as garbage and are released into the environment, posing a major hazard to the ecosystem since plastics continue to degrade over time and generate tiny particles (Dey et al., 2023). According to Jambeck et al. (2015), the majority of plastic products are used for an average of no more than 12 minutes before entering the environment due to inappropriate management and disposal practices such as sewage disposal and waste dumping, where they eventually break down into smaller particles and cause additional contamination (Senapathi and Sekar 2023).
Subsistence fishing within the inland fisheries of India is a provider of employment, especially as the more profitable jobs are not easy to find.. In the communities surrounding the coastal region of southern India, fishing is an important source of livelihood. As the majority of families in these areas are low income earners, shrimp presents an alternative and cheap source of protein compared to other protein sources. A lot of crustacean species are caught from the coastal regions. Amongst these crustacean species Litopenaeus vannamei is an important species can be cultured economically. 

Vieira Dantas Filho  et al., (2023) reported that the fresh water organisms transports microplastics throughout its body and retains them in its tissue. According to Davidson and Dudas (2016), field data from in situ observations is still required to determine if environmental exposure might have any long-term impacts. There isn't yet a thorough analysis that focusses mostly on how microplastics interact with decapod crustaceans. Decapod crustaceans are classified as an accessory to shellfish and other species in the majority of assessments of marine creatures and microplastics. Decapod crustaceans may have a distinct function in the movement of microplastics between the biotic and abiotic sectors due to their distinct biological characteristics, including their physiological characteristics and living behaviours. Our knowledge of how humans are exposed to microplastics from various seafood sources will also be substantially enhanced by a single, relevant, and thorough assessment of microplastics in decapods. 

Therefore, we focused on decapod crustacean field populations and compiled the frequency, quantity, and features of microplastics found in both edible and non-edible decapod crustacean sections based on field observations. In order to address the impacts and results of the interactions between microplastic pollution and the populations of decapod crustaceans, the technique selection, biological characteristics, and absorption pathways were also covered. There is ample evidence of the impact that MPs consumption has on fish (Sussarellu et al., 2016; Rodriguez-Seijo et al., 2017; Pannetier et al., 2020). The majority of biological processes, the synthesis of antioxidant enzymes, physical alterations, and even slower rates of reproduction are among these impacts. However, the consequences of weathered polyethylene (wPE) microplastics on aquatic life are difficult to comprehend due to their size, shape, and production components (Hariharan et al., 2021).   We hypothesise that exposure to wHDPE-MPs may be the source of the alteration of proximate composition in the post larval stage of white prawns, based on our previous research.
Thus, our goal was to investigate the proximate analysis of Litopenaeus vannamei  exposed to weathered polyethylene with a high density. Additionally, to determine whether exposure to wHDPE-MPs causes growth defects in L. vannamei during the recovery period.  The findings show that wHDPE-MPs negatively affect biological systems and induce biological stress in the post-larval stage at environmental relevant concentrations.

2. Materials and Methods.

After being acquired from a commercial hatchery in Marakanam, Tamil Nadu, India, experimental post-larvae (PL-10) white leg prawns (Litopenaeus vannamei) were brought to the lab and acclimated in a 100 L glass tank with constant aeration, 20 PSU of salinity, and a 12:12 h light/dark photoperiod Every day, the culture water was replaced. The range of light intensity was 800-1200 lx. The initial salinity of 25 PSU was gradually raised by 2 PSU every 24 hours until the required salinity was achieved. Taking into account 10% of the biomass, the prawns were fed microparticulated PL-shrimp feed daily. Physiochemical parameters like pH, temperature, and salinity were regularly measured using pre-calibrated Hydro-Lab, USA-multi parameter water quality probes. 

2.1 Chronic exposure of PL stage to wHDPE
The techniques of Hariharan et al. (2021) were used to create high density weathered microplastics (wHDPE). Basically, for the current investigation, somewhat aged plastic woven sacks were collected from the beaches along the Chennai coast and carefully cleaned with distilled water. Fourier Transform Infrared Spectroscopy (FTIR) (PerkinElmer Spectrum Version 10.5.4) was used to characterise the woven material and determine the type of polymer. 
Post larval stage (10) of L. vannamei were acclimated, and the toxicity study methods were used from the EPA/ROC, 1998 protocol. L. vannamei were subjected to two concentrations of wHDPE microplastics in the current investigation. Each concentration was kept in a triplicate tank. As a control group, the post larvae in Group I were raised in regular seawater devoid of microplastics. Group II post larvae were exposed to 0.1 mg/L of wHDPE microplastic in saltwater, while Group III post larvae were subjected to 0.2 mg/L. For 45 days, the entire exposure experiment was carried out using the static renewal test method. Mild aeration was supplied in order to prevent the suspended wHDPE-MP from settling in the tanks. In every group, the tanks were continuously supplied with oxygen.  Every two days, the seawater was replaced. Following their exposure times, the animals were kept in regular saltwater for a 15-day depuration period. Environmental factors and prior research were taken into consideration while choosing the concentrations (Hariharan et al., 2021). The experimental shrimps were housed in a light-dark cycle that lasted 12:12 hours. Additionally, a multiparameter water quality sensor (Hydrolab, USA) was used to record physicochemical data twice a day, including water temperature, salinity, pH, and dissolved oxygen (APHA. 2005). Following exposure periods the sample was taken at 15, 30 and 45 days. Sampling also done after depuration of 15 days.
2.2 Determination of crude protein
Using the Kjeldahl technique to assess nitrogen content and a conversion factor of 6.25 to get crude protein from total nitrogen, the crude protein analysis was conducted in accordance with the Analytical Methods Committee, AOAC (1995). The samples underwent titration, distillation, and digesting procedures. After weighing one gramme of the material into a Kjedahl flask, selenium catalyst was added. After carefully adding around 25 millilitres of concentrated tetraoxosulphate (VI) acid to the tube, the flask was spun. Heating in a fume cup board for at least two hours allowed the digestion process to proceed until a clear solution was produced. For the analysis, the digest was diluted to 100 mL in a volumetric flask. Following digestion, the samples were cooled for around twenty minutes before being distilled. This was accomplished by adding 35 millilitres of NaOH and 4% boric acid to the distillation flask. Four drops of indicator were added to the conical flask holding 25 millilitres of boric acid after the first drop of distillate. The flask was then titrated until a grey tint became apparent. It was noted how much acid was used in the titration. A blank was created with just a piece of paper and no sample.

2.3 Determination of Amino Acids
Following the methods of Liu et al., (2021) amino acids were identified and quantified using an automatic amino acid analyser except tryptophan. Since tryptophan is converted to ammonium by acidic hydrolysis, its amount was not quantified. Ten millilitres of 6 mol/L hydrochloric acid were added to each tube containing roughly 100 milligrams of each sample. Enough nitrogen was poured into the tubes to stop oxidative deterioration, and they were vacuum-sealed. The samples were reacted for eight hours at 110 °C. Distilled water was used to dilute the reaction product to 100 mL. Using vacuum freeze drying, 1 mL of the reaction product was extracted with HCl. Two millilitres of 0.02 mol/L HCl were used to dissolve the dry reaction product, and a 0.22 µm pore size membrane was used to filter the mixture. The automatic amino acid analyser was filled with a 20 µL aliquot of filtrate, and an internal standard method was used to quantify the amino acids and identify them using a standard method. The results for the amino acid content were given in mg/100 mg of sample.

2.4 Determination of Crude fibre
To determine the crude fibre content, the dried sample was boiled with sodium hydroxide (NaOH) and tetraoxosulphate (VI) acid (H2SO4). The insoluble residue that was collected at each step was then washed with distilled water. When estimating the crude fibre content, the following fundamental steps were taken. Defating the sample, digesting it with acid, digesting it with base, and then starting the ignition process (Liu et al., 2021).
2.5 Determination of Moisture content 
The AOAC (1995) Analytical Methods Committee was used to determine the moisture content. The samples were dried using a moisture dish in an air oven set at 101 °C for around twenty-four hours until they reached consistent weights. They were then chilled in a desiccator and weighed again. The water content was calculated as the difference between the fresh and dry weights, and this was then translated to a percentage.
2.6 Determination of Ash content analysis
The Analytical Methods Committee, AOAC, was followed in determining the ash content (AOAC. 1995). Pre-dried samples from the moisture content analysis were heated for four hours at 550 °C in a muffle furnace. An estimate of the ash content was obtained by subtracting the end weight from the beginning weight and converting the result to a percentage.


2.7 Determination of Fat content 
Five grammes of the material were fully extracted using a Soxhlet equipment and filter paper in order to produce crude fat. Petroleum ether at b.p. 40-60 °C AOAC was the extractant utilised (AOAC, 1995). 
2.8 Statistical analysis
Mean values for three measurements were taken and subjected to analysis of variance (ANOVA) using SPSS 20.0 version to determine whether or not differences were significant and graph were plotted using Microsoft Excel software Duncan multiple range test was used to compare means. P-values˃0.05 was considered statistically different.

3. Results and Discussion
The proximate components of the post larval stage of L. vannamei shrimp are given in the figure 1-6. From the figure, the crude protein content in L. vannamei shrimp was the highest in the control group, followed by the shrimp larvae exposed to lower concentration of HDwPE MPs. Similarly as the exposure period increased the highest concentration used produced more impact than the lower. Depuration period shows somewhat recovery in the respective parameters however which is still highly reduced level compared with respective control group. 
The polypeptide chains that make up proteins might be single, as in myoglobin, or many chains. All living systems contain proteins as structural elements and as physiologically significant substances like pigments, hormones, and enzymes. There are two types of protein found in human diet: first-class and second-class. First-class proteins which are mostly derived from animals and including meat, fish, eggs, milk, and cheese, contain necessary amino acids (Pamela et al., 2015).
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Figure 1. Crude protein content in post larval stages of L. vannamei exposed to different concentration of wHDPE-MP. Each bar represents mean ± standard deviation of six individuals. Two-way analysis of variance followed by Tukey's post hoc test was used. Asterisk indicate  significant difference between the exposure group and respective control group. NS letters indicate no statistically significant differences ( p<0.05) between the exposure group and respective control group.

Changes in the amino acid concentration in the PL stages of L. vannamei exposed to exposed to different concentration of wHDPE-MP  were given in the figure 2. The results clearly reveals that after 30 days of MPs exposure to PL stages decreased the amino acid content and the decrease in amino acid levels were statistically significant with respective control groups.  45 days exposure showed a similar trend in both exposed concentration. Depuration of PL stages showed the PL larvae doesn’t recovered from the stress due to MPs exposure. 
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Figure  2. Total amino acid content in post larval stages of L. vannamei exposed to different concentration of wHDPE-MP. Each bar represents mean ± standard deviation of six individuals. Two-way analysis of variance followed by Tukey's post hoc test was used. Asterisk indicate  significant difference between the exposure group and respective control group. NS letters indicate no statistically significant differences (p<0.05) between the exposure group and respective control group.


Similarly  the shrimp exposed to microplastics showed a significant difference (p < 0.05) was in the content of crude fat.  For the highest exposure concentration  a significant difference (p < 0.05) was also found in the content of crude fat as the exposure period increased (Figure 3). The content of crude fat in control group does not changed much as the exposure period increased, however a sharp increase in the levels was observed due to growth factor. The current interest in the possible impact of diet in human nutrition led to the determination of the composition of crude fibre. Excess fibre can bind trace elements, which can lead to iron and zinc deficits. Fibre also helps to maintain the health of the gastrointestinal system. Furthermore, fibre reduces cholesterol levels in the body, which in turn lowers the risk of cardiovascular disease (Onwuka, 2015).
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Figure 3. Total fatty acid  content in post larval stages of L. vannamei exposed to different concentration of wHDPE-MP  . Each bar represents mean ± standard deviation of six individuals. Two-way analysis of variance followed by Tukey's post hoc test was used. Asterisk indicate  significant difference between the exposure group and respective control group. NS letters indicate no statistically significant differences ( p<0.05) between the exposure group and respective control group.

Changes in the fibre content in the PL stages of L. vannamei exposed to exposed to different concentration of wHDPE-MP  were given in the figure 4. The results clearly reveals that after 30 days of MPs exposure to PL stages decreased the crude fibre content especially in the longer exposure period and in the higher concentration of MPs used and the decrease in crude fibe levels were statistically significant with respective control groups.  30 and 45 days exposure showed a similar trend in both exposed higher concentration. Depuration of PL stages showed the PL larvae doesn’t recovered from the stress due to MPs exposure. 
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Figure 4. Crude fibre content in post larval stages of L. vannamei exposed to different concentration of wHDPE-MP  . Each bar represents mean ± standard deviation of six individuals. Two-way analysis of variance followed by Tukey's post hoc test was used. Asterisk indicate  significant difference between the exposure group and respective control group. NS letters indicate no statistically significant differences ( p<0.05) between the exposure group and respective control group.

The biochemical components, including protein, amino acids, moisture content, crude fibre, and fat content, were found to be considerably (p < 0.05) lower in L. vannamei exposed to both microplastic concentrations than in the corresponding control prawn larvae in the current study. Among the different exposure concentrations, prawns exposed to 0.2 mg of microplastics showed the greatest reduction in biochemical components. The amount of moisture in samples is crucial because it affects many biochemical, chemical, and physiological changes in food and other related substances. The moisture content of prawns exposed to both microplastiic concentrations was significantly (p<0.05) modulated when compared to the corresponding control groups (Figure 5). 
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Figure 5. Total moisture  content in post larval stages of L. vannamei exposed to different concentration of wHDPE-MP. Each bar represents mean ± standard deviation of six individuals. Two-way analysis of variance followed by Tukey's post hoc test was used. Asterisk indicate  significant difference between the exposure group and respective control group. NS letters indicate no statistically significant differences (p<0.05) between the exposure group and respective control group.

Plastic trash decomposes into microscopic pieces in aquatic environments as a result of physical-chemical interactions with sunshine, waves, and creatures. Materials that decompose to the microplastic level may inadvertently be consumed as food by aquatic organisms (Ziani et al., 2023). In particular, estuarine and marine environments exhibit higher levels of microplastics, and freshwater and marine species are ingesting various microplastics (Yang et al., 2021). When microplastics enter an aquatic animal's gastrointestinal tract (GIT), they can be removed through the lining of the gut epithelium and then removed in the the animal's urine, faeces, and other tissues. After being absorbed into the stomach and potentially entering the gut's anaerobic environment, microplastics are mostly deposited in the adipose tissues of animals. The exposure route (e.g., food or waterborne) and aquatic habitat (e.g., freshwater or marine) affect the bioaccumulation of microplastics (Ghosh, 2024). 
When evaluating the amount of mineral contained in a sample, the ash content serves as a good indicator of the mineral components present in the sample. Organic components oxidise to volatile substances like carbon (IV) oxide and sulphur (IV) oxide when materials are burned in a furnace at temperatures higher than 500 oC. To a certain degree, the amount of ash in biological samples corresponds to the amount of inorganic substances present. When prawns were exposed to both MP concentrations, their ash content was considerably lower (p< 0.05) than in the corresponding control group (Figure 6). According to this result, prawns were abundant in mineral elements, which differed between the experimental and control groups.  Chitin, which is mostly present in shrimp PL, makes up the majority of the crude fibre in shrimp. There were notable variations in the crude fibre composition between the experimental and control groups; the impact was larger for the shrimp exposed to the greatest concentration of MPs.  Crude fiber-derived chitosan has beneficial biological qualities in addition to being biodegradable and biocompatible. These qualities have been utilised to create coating films that successfully preserve seafood with longer shelf lives and higher quality thanks to their antimicrobial and antioxidant effects. In general, digestibility, necessary amino acid content and proportion, and protein content determine the quality of protein in diet (Liu et al., 2021). In our investigation, we found that both protein and amino acids showed comparable outcomes; as MP concentration rose, the levels of amino acids in the post-larval stage of shimp were considerably lower.
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Figure 6. Ash content in post larval stages of L. vannamei exposed to different concentration of wHDPE-MP  . Each bar represents mean ± standard deviation of six individuals. Two-way analysis of variance followed by Tukey's post hoc test was used. Asterisk indicate  significant difference between the exposure group and respective control group. NS letters indicate no statistically significant differences (p<0.05) between the exposure group and respective control group.

The overall mineral composition of the tissue is measured by the ash content. It also aids in the growth and development of the organism. Ash concentration was lowest in experimental group and greatest in control group for the long term exposure of L. vannamei to microplastics. The crustacean species' high ash value indicates that it contains a lot of minerals, including zinc, calcium, magnesium, and potassium which may be indirectly effected due to microplastics exposure in L. vannamei. Physical impediments and inflammatory reactions are caused by the absorption and bioaccumulation of microplastics in the aquatic fauna's GIT. Gut perforation and ulcerative lesions are examples of internal injury resulting from such impairments. Additionally, there is a chance of stomach deformation and rupture, which can be lethal. Additional detrimental consequences that can lead to mortality include endocrine system disruption, decreased growth and reproduction, oxidative stress, cell lesions, metabolic problems, genotoxicity, neurotransmission-related illnesses, and weakened immunity (Ghosh, 2024). Furthermore, organic pollutants like metals, polycyclic aromatic hydrocarbons, organochlorine pesticides, and polychlorinated biphenyls may be absorbed on the surface of microplastics as they move through an aquatic ecosystem. This can negatively impact the health of aquatic fauna whether spike pollutants are present or not (Weis and Alava, 2023). Human food security is heavily reliant on both the amount and quality of aquaculture output. The release of new pollutants into the aquatic environment, such as antibiotics and microplastics, poses a major threat to human health and aquacultural productivity (Bhuyan, 2022).
Shrimp are the most primary source of protein and fat, and their makeup may be used to indicate an organism's nutritional state. L. vannamei's proximate composition revealed that the control group had higher crude protein amounts than the exposed group. In comparison to the exposure group, the results showed that all of the examined characteristics in L. vannamei were excellent sources of proximal composition in the control group. The L. vannamei species' high protein content in the tissue from this investigation would indicate improved exposure conditions free from microplastic stress. 
Conclusion 
In conclusion the phases of prawn larvae that follow the mysis stage but before they are placed in grow-out ponds are referred to as PL (Post Larvae). The PL stage is the most important as it signifies the change from larval to juvenile prawns, and the age and quality of the PL have a direct effect on the farming cycle's performance. These stages are numbered consecutively. The development of these larvae will be impacted by any external stressors or polluted environments that might impair the larval stages. The findings make it abundantly evident that wHDPE-MP significantly affects the proximate composition of the post larval stage of L. vannamei, and if left unchecked, these polluted environments may indirectly affect the aquaculture sector.
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