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Chitin, the second most abundant biopolymer in nature after cellulose, has a diverse array of applications in the pharmaceutical, medical, agricultural, textile, cosmetic, wastewater treatment, and food industries. This versatility is attributed to its essential functional properties, including biodegradability, biocompatibility, and non-toxicity. The primary source of commercial chitin is the shells of crustaceans. However, the quantity and quality of chitin extracted from various crustacean shells have not yet been systematically reported or compared. In this study, we compared the composition of three types of crustacean shells: Antarctic krill (AK), White shrimp (WS), and Crayfish (CF). We employed a consistent sequence of deproteinization, decalcification, and bleaching to extract chitin from these shells. The extracted chitin was characterized by X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FT-IR), thermogravimetric analysis, and scanning electron microscopy (SEM). Our findings indicated that the chitin content in Antarctic krill reached 24.06%, significantly exceeding that of the other two crustaceans. Notably, scanning electron microscopy (SEM) characterization confirmed that chitin samples from different biological sources exhibit significant structural heterogeneity. This study, through multidimensional morphological analysis, provides critical experimental evidence for both the targeted synthesis of chitin-based functional materials and the high-value-added conversion of crustacean-derived by-products.




Keywords: chitin, Antarctic krill, white shrimp, crayfish, structure



Graphical Abstract | 






1 Introduction

Chitin, a biopolymer that is widely distributed in nature, is a linear polysaccharide with important biological functions and industrial applications. This unique chemical structure gives chitin good biocompatibility and degradability properties (Marsh et al., 2001; Muzzarelli et al., 2012). The diversity of crystalline forms of chitin is an important structural feature. Currently, chitin has three forms, namely, α, β, and γ structures, and these structural features directly affect its physical and functional properties, among which α-chitin is the most common (Delezuk et al., 2019). Chitin is found everywhere in nature, mainly in the cell walls of fungi, algae, and mosses; in the shells of crustaceans and arthropods; and in the horny layers of soft-bodied invertebrates. It is considered the second-largest biopolymer after cellulose (Hamed et al., 2016; Zahedi et al., 2018; Marzieh et al., 2019; Yu et al., 2020). Furthermore, chitin has many special effects, including biodegradability, biocompatibility and avirulence, and these properties give it the potential for a wide range of applications in different fields such as pharmaceuticals, biomedicine, agriculture, textiles, cosmetics, purification of wastewater and food production (Ghorbel-Bellaaj et al., 2013; Hamed et al., 2016).

The current global seafood market is substantial; however, the processing of seafood, including shrimp, crabs, and other crustaceans, generates a significant amount of by-products with no food value, such as exoskeletons and heads. In fact, the inedible parts of crustaceans account for approximately 50-70% of the total yield, representing a considerable percentage (Gildberg and Stenberg, 2001). In the absence of effective disposal methods, this waste poses a significant environmental hazard. Currently, most of this waste is either discarded into the sea, incinerated, sent to landfills, or left to decompose on land (Xu et al., 2013). Consequrntly, the use of these offcuts for the production of chitin is an economical and environmentally friendly method that reduces seafood waste and produces compounds with important biological properties and high value (Hamed et al., 2016).

Antarctic krill play an important role in the Antarctic ecosystem and are key players in the Antarctic marine food chain (Cruz et al., 2018). As the most phylogenetically basal extant crustacean, Antarctic krill retains the ancestral multilayered exoskeletal architecture characteristic of paleocrustaceans. Its distinctive chitinous lamellar organization establishes it as a pivotal model organism for investigating biological-chitin coevolutionary mechanisms. This keystone species serves not only as a critical bioindicator of abyssal ecosystems, but its exceptional polar adaptability coupled with prodigious annual biomass (estimated at 500 million tonnes globally) has positioned it at the forefront of contemporary research in polar marine ecology and bioprospecting initiatives. The consumption of Antarctic krill accounts for approximately 12 per cent of the total resources, indicating that most krill resources are not yet effectively utilized. Waste from shrimp processing, such as the heads and shells of Antarctic krill, accounts for approximately 75% of the total mass of krill, and these fractions are often regarded as low-value raw materials or even treated as waste. For example, during krill harvesting and processing, large quantities of heads and shells are discarded or used only to produce cheap products, which not only results in a waste of resources, but also pollutes coastal resources. However, these by-products are actually enriched with chitin, proteins and minerals with high value-added potential (Chen et al., 2017). White shrimp, as the backbone of global aquaculture (accounting for more than 80% of total shrimp farming), has significant commercial value in Asia and the Americas (Hongkulsup et al., 2016), which generates a significant amount of by-products during processing. The crayfish demonstrates dual environmental and economic significance. As an invasive species proliferating in European and North American aquatic ecosystems, its ecological impact necessitates mitigation strategies, while in China, 50–70% of its processing by-products remain non-edible, underscoring the imperative for circular economy research (Nguyen et al., 2015).

There are many chitin extraction methods, such as the acid-base method, microbial fermentation, enzyme digestion, EDTA method, ionic liquid leaching method, and the hot glycerol pretreatment method. Enzymatic and microbial fermentation methods are gradually becoming a research hotspot owing to milder process conditions and less pollution, but there are still problems such as insufficient deproteinization, expensive commercial enzymes, high cost, and long time-consuming, which are not suitable for industrial mass production (Qian et al., 2012; Kim and Park, 2015). Although the EDTA method is simple to operate, it requires a large amount of investment in the short term (Dou et al., 2014). The ionic liquid method has the problem of difficult recovery of ionic liquids (Qin et al., 2010), and the thermal glycerol pretreatment method and the enhanced atmospheric pressure plasma method form a small amount of waste; however, there is still some doubt about the yield and quality of the chitin produced (Devi and Dhamodharan, 2017; Borić et al., 2018). The acid-base method is one of the most mature chitin extraction methods, and has the benefit of simple procedure, high efficiency, and good product quality.

The extraction of chitin from crustacean shells is typically achieved through a process of chemical deproteinization and decalcification, which involve the removal of proteins and minerals using alkaline and acidic reagents, respectively. In this study, we investigated exoskeletons of three different crustaceans and prepared chitin following a consistent sequence of deproteinization, decalcification, and bleaching. Three different sources of chitin were found to be α-chitin. This study aimed to elucidate the diversity of chitin derived from these crustaceans, examining both yield and chemical quality, as well as potential material applications. To achieve these objectives, we analyzed the composition of shrimp shells from three crustaceans, and the extracted chitin was systematically characterized using X-ray diffraction (XRD), thermogravimetric analysis (TGA), scanning electron microscopy (SEM), and Fourier-transform infrared spectroscopy (FTIR). To elucidate the differences between different sources of chitin and lay a research foundation for the full utilization of shrimp by-products and marine environmental protection. In this study, we chose some abbreviations to represent our research subjects in order to be more concise in the elaboration. AK stands for Antarctic krill, WS stands for White shrimp, and CF stands for Crayfish.




2 Materials and methods


2.1 Raw material and reagents

Three kinds of crustaceans (Antarctic krill, White shrimp and crayfish, labeled as WS, AK and CF, respectively) were used as raw materials, and WS, AK and CF were bought from farmers’ markets. All the chemical reagents were of analytically pure grade.




2.2 Chitin preparation process

The shrimp shells were deproteinized with sodium hydroxide. Firstly, the dried shrimp shells were properly crushed, and the crushed shrimp shells were mixed with 25% NaOH solution in a glass container with a solid-liquid ratio of 1:10, and heated with stirring at 95°C for 2 h. The resulting solid fraction was centrifuged to neutrality using ultrapure water and dried at 60°C. The concentrations of NaOH were 25% and 10% for the second and third deproteinizations, respectively, and the solid-liquid ratio was kept constant.

This study employed a staged demineralization protocol: In the initial phase, shrimp shell specimens were immersed in 10% (w/v) hydrochloric acid solution under constant 60°C with 1:10 (m/v) solid-liquid ratio, subjected to continuous mechanical agitation for 120 min. The subsequent phase maintained identical thermal conditions while optimizing the reaction system to reduce processing duration to 60 min, achieving gradient decalcification.

After deproteinization and decalcification, a bleaching step was carried out on the remaining material with an aqueous solution of 10% H2O2 with stirring at 80°C for 2 h. Repeat the bleaching operation 2–3 times until the chitin became white and free of impurities visible to the naked eye, and centrifuged to neutrality with ultrapure water. The purified chitin samples were dried in an incubator at 65°C (Sagheer et al., 2009).

The extraction process of chitin is described in Figure 1. Chitin content was determined by the difference between the mass of raw shrimp shells and the mass of chitin after acid and alkaline treatment (Abdou et al., 2008).




Figure 1 | Chitin extraction flow chart.






2.3 Determination of protein content

Determination of protein content of WS, AK and CF by Kjeldahl method, Protein content is Nitrogen content×6.25 (Mildenberger et al., 2023).




2.4 Determination of moisture content

Moisture was determined by drying shrimp shells at 105°C until a constant weight was obtained (Kolar, 1992).

	




2.5 Determination of fat content

Shrimp shells were ground into a particle size of approximately 40 mesh powder, accurately weighed 3g shrimp shell powder, loaded with 2 chronic filter paper made of filter paper tube, and then put the filter paper tube into the Soxhlet extractor extraction tube, connected to the fat flask, was dried to a constant weight, from the condenser tube on the end of the addition of petroleum ether to the flask volume of 2/3, was placed at the bottom of the heated heater flask, so that the extracted liquid was refluxed once every 7 min. The extraction was completed when the extract was picked up with a frosted glass rod and no oil spot remained. After the oil extraction was completed, all extracts were concentrated on a rotameter until no liquid was left in the bottle (Bontzolis et al., 2024). Finally, the spin vials were placed in a desiccator for 30 min to cool to room temperature, and then weighed repeatedly until a constant weight was achieved.




2.6 Determination of ash content

Ash was determined by high temperature scorching method, weighing a certain amount of sample, put in the muffle furnace, the first furnace temperature slowly rise to (250 ± 10) °C, and at this temperature to maintain 60 min, continue to slowly rise to (550 ± 10) °C, and at this temperature burning 2 h. The ash dish was removed from the furnace, placed on an asbestos plate, cooled in air for approximately 5 min, moved to the dryer in the cold to room temperature, and then weighed. Finally, check cauterization was carried out for 30 min each time at a temperature of (550 ± 10) °C until the change in mass was less than 0.0002 g.

The ash content is calculated by the following equation, where mash means the sum of the mass of the ash and the container, mcont is the mass of the container, and mar is the original mass of the shrimp shell powder and the container (Campalani et al., 2024).

	




2.7 Free amino acid analysis

The shrimp shells of WS, AK, and CF were each 2 g, ground into three centrifugal tubes, added 15% trichloroacetic acid solution 15ml, shaken well, and allowed to stand at room temperature for 30 min. Put all three centrifuge tubes into a centrifuge and centrifuge at 10,000 r/min at 4°C for 10 min, suck up 5 ml of supernatant accurately by pipette, and adjust the pH of the supernatant to about 2.0; then, the three kinds of supernatant were sucked up with a syringe and then packed into sample bottles by 0.22 μm microporous filtration for on-line testing (Zhao et al., 2010).

Analytical conditions: LA8080 Amino Acid Analyzer, column (4.8 mm×160 mm, 7 μm); holding temperature 50°C; flow rate 1: 0.45 mL/min, flow rate 2: 0.30 mL/min, mobile phases citric acid and sodium citrate and ninhydrin buffer.




2.8 Fourier transform infrared spectroscopy analysis

The products obtained at each step of the experiment were characterized using an infrared spectrometer (Ulusal et al., 2024). The samples were analyzed from 500 to 4000 cm-1 Spectra were obtained from 32 scans of dried samples at room temperature with a resolution of 4 cm-1 at intervals of 0.482 cm-1 and background scans were performed for background correction prior to data acquisition.




2.9 X-ray diffraction analysis

The crystalline properties of the three finished chitin products were measured on a Bruker XRD analyzer with the following parameters: λ = 1.5406 Å, voltage 40 kV, current 40 mA, and scanning range 5° to 90°. The crystallinity index was calculated as follows (Hongkulsup et al., 2016).

	

where I110 is the maximum intensity at 2θ≈20°, and Iam is the intensity of amorphous diffraction peaks at 2θ≈16° (Hongkulsup et al., 2016).




2.10 Thermogravimetric analysis

Thermogravimetric analysis (TGA) was carried out on a STA2500 (Germany - NETZSCH) thermogravimetric analyzer by placing 5 mg of the finished chitin in a crucible and increasing the temperature from room temperature to 800°C using nitrogen as a medium (Campalani et al., 2024).




2.11 Scanning electron microscope

The dried samples were ground, a toothpick was dipped into a small amount of sample on the sampler, fixed with double-sided tape, and sent into a coating machine to spray gold to improve the electrical conductivity of the sample surface. The surface morphology of the three shrimp shell raw materials, the three finished chitin products, and 15 processed samples were observed using a scanning electron microscope (Sigma 500) (Wang et al., 2013).




2.12 Data analysis

The experiments were conducted in three parallel and data were analyzed using SPSS software.





3 Result and discussion


3.1 Composition of shrimp shells

It can be seen that the three types of crustacean shells show different morphologies and structures: Antarctic krill exhibits a characteristic multilamellar helical architecture with significantly reduced mean thickness (9.3 ± 1.8μm) compared to the other taxa. This ultralight biomineralization strategy likely represents an evolutionary optimization for pelagic survival in polar ecosystems. The white shrimp demonstrates intermediate exoskeletal thickness (21.6 ± 3.2μm), correlating with its nearshore habitat’s calcium availability. Notably, the Crayfish possesses the thickest cuticle (27.9 ± 2.7μm) featuring corrugated surface morphology.

The separation of chitin from three sources—Antarctic krill, White shrimp, and crayfish—revealed notable differences in the chemical composition of the raw materials, as shown in Table 1. The highest moisture content was observed in Antarctic white shrimp at 11.31%, while the lowest was recorded in Antarctic krill at 9.16%. In terms of ash content, Antarctic krill had the highest value at 21.03%, whereas White shrimp exhibited the lowest at 14.96%. It has been reported that White shrimp has a measured mineral content of 42.7% (dry basis), with a predominant composition of the Ca, C, O ternary system, which is consistent with the carbonate depositional characteristics of the carapace of this species (Choorit et al., 2008). In contrast, Peng et al. found that the apatite phase was the dominant mineral phase in the ash of Antarctic krill crusts by XRD characterization, and its characteristic elemental composition was the Ca-P-O-F ternary system (Peng et al., 2019). In the study of freshwater crustaceans, Dorsa confirmed that calcium carbonate crystals dominate in Crayfish shells, and their three-dimensional structural network provides mechanical support for the shells. It is worth noting that although trace elements such as P, Mg, Fe, and Zn exist only in trace form in the crustacean shell, these metallic elements have important regulatory roles in the physiological and metabolic activities of crustaceans through their participation in enzymatic reactions and ion channel regulation (Dorsa, 1994). Oil content was highest in crayfish at 11.03% and lowest in White shrimp at 2.23%. Additionally, the protein content was the highest in crayfish (46.04%) and lowest in White shrimp (18.85%). Although the chitin content in crayfish was low, its protein content (46.04%) was significantly higher than the average protein content of shrimp shells, which ranges from 29.2% to 34.0% (El Knidri et al., 2018).


Table 1 | Determination of the composition of shrimp shells from different crustaceans.



The chitin content of raw crustaceans is generally 15-26%, and in the present study, Antarctic krill contained 24.06% chitin, which was much higher than that of the other two shrimp species and also higher than the 5.19% reported by Yuan et al (Yu et al., 2020). From a commercialization perspective, Antarctic krill has a large biomass. Current estimates suggest that its standing biomass is approximately 342–536 million tons (tkinson et al., 2009) and has a high chitin yield, which makes it more suitable for large-scale mass production of chitin than the other two types of shrimp.




3.2 Analysis of free amino acids

Table 2, lists the amino acid composition of shrimp shell materials from three crustaceans, including essential amino acids (EAA, such as His, Thr, Val, Met, Phe, Ile, Leu, Lys) and non-essential amino acids (NEAA, such as Asp, Glu, Ser, Gly, Arg, Ala, Tyr, Cys) (Awasthi et al., 2024). Sixteen amino acids were measured in this study, including eight essential and eight inessential amino acids. The total EAA levels recorded in this study varied from 2.5 μg/g to 0.52 μg/g, while the total NEAA levels ranged from 2.9 μg/g to 0.46 μg/g. Notably, the shrimp shell meal derived from White shrimp exhibited the highest total EAA and NEAA contents among the three types of shrimp shell meal analyze.


Table 2 | Amino acid content (μg/g) abcMean ± SD.



FAA (Functional Amino Acids) are a class of biologically active compounds found in fruits and vegetables that play a vital role in human daily life (Nagao and Yamakado, 2016). These amino acids are not only involved in protein synthesis but also play significant roles in metabolic regulation, immune function, and antioxidants. However, the human body is unable to produce essential amino acids (EAA) on its own, and these amino acids must be consumed throughout the diet (Sá et al., 2021). Shrimp shell meal is a natural food source rich in EAA, especially lysine. Shrimp shell meal not only provides high-quality protein but is also rich in minerals and trace elements such as calcium, phosphorus, and zinc, which have positive effects on bone health, immune function, and metabolic regulation. Lysine deficiency can lead to immunodeficiency (Chen et al., 2003), it can be used for the prevention and treatment of herpes labialis, and it can be used orally or applied directly to the skin (Zuraini et al., 2006).

From the amino acid analysis of the shrimp shell powder of the three crustaceans listed in the table, it can be seen that the shrimp shell powder of White shrimp contains 7 essential amino acids, and 6 non-essential amino acids; crayfish shrimp shell powder contains 8 essential amino acids, 6 non-essential amino acids; Antarctic krill shrimp shell powder includes 7 essential amino acids, 8 non-essential amino acids. From the comprehensive degree of amino acids, Antarctic krill shrimp shells contain amino acid species that are the most abundant in the shells of the three crustaceans.




3.3 Deproteination

As shown in Table 3, after three strong alkali treatments, for WS, the recovery of solids was only 35.47%; for AK and Cf, the recovery of solids was 42.25% and 55.02%, and in summary, it can be concluded that CF had the highest recovery of solids after three deproteinization treatments, which may be due to the fact that the shrimp shells of crayfish are thicker and harder than those of the other two crustaceans, resulting in the accessibility of the protein to the NaOH solution. Accessibility is not high and calcium in shrimp shells affects the efficiency of deproteinization as mentioned in Theruvathil K. Sini et al (Sini et al., 2007). Even after three deproteinizations, some of the proteins are still resistant to hydrolysis under alkaline treatment. According to Figure 2, it can be seen that the peaks are still present at 2926 cm-1 and according to Marwa Hamdi et al., the peaks at 2926 cm-1 and 2854 cm-1 are characteristic of protein occurrence (Tolaimate et al., 2003).




Figure 2 | FT-IR spectral changes during chemical processing of Antarctic krill shells. Similar FT-IR spectral trends were observed in all other samples (data not shown).




Table 3 | Changes in dry weight of samples during chitin extraction.






3.4 Demineralisation

During chitin recovery from shrimp waste, effective demineralization is essential to enhance product quality, as residual minerals not only compromise chitin purity but also impair its functional performance. Mineral content serves as a critical quality parameter, given that high-purity chitin exhibits superior solubility, chemical reactivity, and application-specific functionality (Tolaimate et al., 2003). As shown in Table 3, the acid-treated shrimp shells exhibited progressive dry weight reduction, with removal rates reaching 12.62% (AK), 19.26% (WS), and 39.28% (CF), indicating differential demineralization efficiency among the treatment groups. Bleaching step.

In the shrimp shells after strong acid and alkali treatment, the color has obviously lightened, as shown in Figure 3, the bleaching effect of hydrogen peroxide can make the resulting chitin products whiter, with better sensory effects.




Figure 3 | Morphological and color changes in shrimp shells of three crustaceans during chitin extraction process.






3.5 SEM analyses

According to the study, the reticulum is the main structure of chitin, with internally pliable proteins ruleless attached to the chitin skeleton and inorganic compounds firmly anchored in the chitinous interstices (Lavall et al., 2007). At the nanoscale, proteins are usually covalently bound to chitin molecules to form nanofibers. Chitin is a loose and porous structure. In this thesis, SEM scanning electron microscopy was used to observe the structural morphology of shrimp shells after different treatment stages and to speculate on the protein and calcium residues in the shells, and the results were as follows Figure 4.




Figure 4 | Morphological changes in three shrimp shells in their original form and during treatment by scanning electron microscopy.



From the SEM scanning electron micrographs of shrimp shells of three crustaceans, it can be seen that the surface of the shrimp shell material of White shrimp is dense, the surface of the shrimp shell material of Antarctic krill shows obvious fibrous, and the surface of the shrimp shell material of crayfish has obvious small holes arranged in an orderly manner. After three times of deproteinizations of the shrimp shell material of the three crustaceans, the surface of the shrimp shell appeared to have an obvious porous structure, this is the same as the results of Nidal Daraghmeh et al (Daraghmeh et al., 2015).

Four surface morphology structures of chitin have been identified: lamellar porous structure, microfibrous structure, porous fibrous structure and fractured spongy structure (Yu et al., 2020). In contrast to after two decalcifications, chitin prepared from White shrimp and Antarctic krill showed a lamellar structure, which is similar to the results of Sagheer et al (Xin et al., 2020). Chitin prepared using crayfish was porous and fibrous, suggesting that the surface morphology of chitin may be related to differences in source, several researchers have emphasized the important role of surface morphology in determining the field of application of chitin (Kumar, 2000; Aranaz et al., 2009), the pores on the surface of chitin can effectively enhance its ability to absorb metal ions, and the surface structure of broken fiber-like chitin is often applied to the textile industry, in this paper, three kinds of chitin from different crustaceans have porous fiber-like structure, suitable for application in the textile industry (Yuan et al., 2024).

In general, chitin prepared from crustaceans consists of long, tightly packed fibers (Sagheer et al., 2009; Wang et al., 2013), while the morphological structure of chitin extracted from arthropods consists of nanofibers adhering to each other (Erdogan and Kaya, 2016).




3.6 FT-IR analysis

Structural characterization of chitin extracted from Antarctic krill, White shrimp, and crayfish using infrared spectroscopy, The FTIR absorption spectra are consistent with those reported in the literature, indicating that better quality chitin polymer was obtained. From Figure 5, it can be seen that there is a characteristic band of chitin at 3450 cm-1 indicating the stretching and vibration of O-H, and the stretching vibration peak of N-H at 3267 cm-1 (El Knidri et al., 2016), The peak at 315 cm-1 is a feature peak of the amide III bond, and the characteristic peak of amide II (N-H) is located at 1560 cm-1 (Hu et al., 2007; Greven et al., 2019), the absorption peak at 1028 cm-¹ is caused by the stretching vibration of the -C-O-C- bond in the glucosamine ring (Kumari et al., 2015). The amide I bonds of α-chitin and β-chitin in the infrared spectra show different characteristic absorption peaks. α-chitin has two distinct absorption peaks at 1660 cm-1 and 1625 cm-1, while β-chitin has only one characteristic absorption peak at 1656 cm-1. This difference reflects the difference in the molecular structure of the two chitin species, which may be due to differences in their crystal structures or hydrogen bonding networks. These characteristic absorption peaks can be used as important spectral markers to distinguish α-chitin from β-chitin (Erdogan and Kaya, 2016). It can be seen that the chitin extracted from three different crustaceans in this study were all α-chitin.




Figure 5 | Comparison of FT-IR plots of three different sources of chitin.






3.7 XRD analysis

Crystallinity, as a key indicator of the intrinsic quality of polymers, occupies a pivotal position in the field of materials science. In order to explore the similarities and differences in the crystal structure characteristics of chitin from different sources and to accurately assess the degree of its crystalline perfection, the XRD technique is able to non-destructively reveal the information on the crystal structure of the material, which can provide a key structural basis for the optimization of the design of the material properties (Rinaudo, 2006). XRD an analytical tool, was used in this study to systematically characterize chitin samples extracted from shrimp shells of three different crustaceans. Figure 6 Shows that three finished chitin obtained in this study had two major diffraction peaks at 9.36° (020) and 19.34° (110) (Kadokawa et al., 2011), and two weak diffraction peaks at 12.73° (021), 23.37° (101),26.58° (130) (Zhu et al., 2017), it is these diffraction peaks that typify the crystal structure of α-chitin.




Figure 6 | XRD patterns of α-chitins from WS, white shrimp; CF, Crayfish; AK, Antarctic krill.



Table 4 shows the crystallinity indices of chitin extracted from three shrimp species - white shrimp (WS), Antarctic krill (AK), and crayfish (CF) were determined as 87, 78, and 82 respectively. Notably, WS and CF exhibited higher crystallinity values compared to AK, indicating interspecies variation in chitin structural organization. This study’s WS crystallinity measurement (87%) aligns closely with the 89.12% reported by Choosak Hongkulsup et al. using chemical extraction methods (Hongkulsup et al., 2016). However, discrepancies emerge in AK comparisons: while Yuan et al. achieved 80.6% crystallinity through lactic acid/enzymatic treatment (Yu et al., 2020), our AK samples showed lower values (78%). Similarly, crystallinity for CF (82%) in this work exceeded the 67.2-80.6% range reported by Ping Zhu et al. using alternative extraction protocols (Zhu et al., 2017). Comparative analysis reveals the WS and CF chitin demonstrates superior mechanical performance potential compared to crustacean counterparts, as evidenced by their higher crystallinity relative to crab chitin (67.8%) and fungal sources (47.6-80.0%) (Ifuku et al., 2011; Hajji et al., 2014). These interspecies differences in crystalline organization may significantly influence material properties for industrial applications.


Table 4 | Crystallinity indices of chitin from different crustaceans.






3.8 Thermogravimetric analysis

Thermal stability can be analyzed by techniques such as TGA, which is a key analytical point for exploring the range of applications of chitin and its secondary products (Villetti et al., 2002). Chitin is a biopolymer that requires high thermal energy to dissociate its crystal structure (Wang et al., 2013), which was analyzed thermogravimetrically in a dynamic nitrogen environment from 20°C to 800°C at a ramp rate of 10°C min-1. The thermogravimetric analysis curves of chitin are shown in Figure 7. The DTG curves for each of the three sources of chitin showed different weight loss processes, with two main peaks for WS and three main peaks for both AK and CF. The mass loss of CF and AK in the 40-140°C interval is mainly due to the removal of adsorbed water, while the weight loss in the 260-400°C interval is attributed to the thermal depolymerization reaction of the polysaccharide main chain Crystalline structure and thermal property characterization of chitin from Antarctic krill (Wang et al., 2013). The mass loss corresponding to the two characteristic peaks in the DTG curve of WS is mainly attributed to the removal of adsorbed water and the thermal degradation process of the polymer backbone (Charii et al., 2024).




Figure 7 | Thermogravimetric analysis of chitin of different crustaceans’ graphs.



The maximum degradation temperature (DTGmax) was 380.7°C for WS, 377.8°C for AK, and 371.5°C for CF. The TGA analytical technique has been reported to determine the conformation of chitin based on the DTGmax value, which is generally higher than 350°C for α-chitin (Greven et al., 2019). Combined FT-IR and XRD results both show that chitin extracted from three crustaceans possesses the structural features of α-chitin. Total mass loss was 79% for AK, and 78.22% and 77.49% for WS and CF, respectively. These results indicate that all three sources of chitin exhibit good thermal stability and can be used as an alternative for the production of thermally stable materials.





4 Conclusion

In this study, shrimp shells were deproteinized and decalcified by alternating acid and alkali treatments, and subsequently extracted to obtain high-purity chitin by oxidative bleaching process. Chitin is commonly found in the exoskeletons of various crustaceans. This study examines chitin extracted from three different crustaceans, revealing that distinct sources of chitin exhibit varying structures. Chitin derived from White shrimp and Antarctic krill presents a fractured sponge-like structure, while chitin from crayfish shows a porous fibrous form. These differences may be attributed to the morphological characteristics of the shrimp shell materials. Although the chitin extracted from White shrimp and Antarctic krill displays similar structural features, the chitin from White shrimp demonstrates superior thermal stability. The study yielded chitin extraction rates of 15.57% from White shrimp, 24.06% from Antarctic krill, and 12.04% from crayfish, with all three chitins classified as α-chitin. The results indicate that the three-step deproteinization, two-step decalcification, and decolorization methods employed in this study effectively removed calcium and protein from shrimp shells. Chitin is a structural polysaccharide, a natural non-toxic carbohydrate known for its biocompatibility, degradability, and high mechanical strength. The increasing global demand for processed shrimp products has led to a rapid accumulation of shrimp by-products. Extracting chitin from these by-products can effectively broaden the application scope of crustacean resources and mitigate marine pollution.
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