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Synthesis and Characterization of Chitosan Nanoparticles Derived from Fungal and Crustacean Sources


ABSTRACT
Chitosan, a deacetylated biopolymer derived from chitin, is widely valued for its biocompatibility, biodegradability, and applications in medical, agricultural, and environmental systems. Conventional production from crustacean shells poses challenges such as allergenic proteins and seasonal variability. This study evaluates Pleurotus ostreatus as a sustainable fungal source of chitin and chitosan and compares nanoparticles synthesized from fungal-derived and commercial crustacean-derived chitosan. Chitin extracted from P. ostreatus accounted for 5–7% of dry biomass, with 70% of chitosan yield following alkaline deacetylation. Crustacean-derived commercial chitosan nanoparticles (ChNPs) and fungal-derived chitosan nanoparticles (F. ChNPs) were synthesized via the ionotropic gelation method with sodium tripolyphosphate (TPP). Particle size analysis (PSA) indicated that fungal-derived ChNPs (21.47 nm) were distinctly smaller than crustacean-derived ChNPs (31.56 nm), likely due to the higher purity and potentially lower molecular weight of fungal-derived chitosan, which enhances ionic crosslinking efficiency. SEM imaging confirmed successful nanoparticle formation, revealing irregular, unevenly distributed, and highly aggregated morphologies typical of TPP-crosslinked chitosan systems. FTIR spectra validated the presence of major functional groups associated with chitosan–TPP interactions, including O–H stretching (3100–3300 cm⁻¹), N–H bending (1626–1633 cm⁻¹), and C–O stretching (1063–1064 cm⁻¹). XRD analysis showed prominent diffraction peaks near 2θ ≈ 18°, indicating reduced crystallinity and effective nanoparticle formation. Overall, P. ostreatus is demonstrated as an efficient non-animal chitosan source, producing smaller nanoparticles with desirable chemical and crystalline properties, highlighting its potential as an eco-friendly and functionally superior alternative to crustacean-derived chitosan.
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1. INTRODUCTION
Chitosan is a deacetylated derivative of chitin, which has gained remarkable fascination as a functional biopolymer with diverse applications in food, agriculture, cosmetics, medicine, pharmaceutics, paper production, and water purification due to its unique physicochemical and biological properties (Singh et al., 2021; Piekarska et al., 2023; Thambiliyagodage et al., 2023). Structurally, both are linear copolymers composed of sugar monomers, β-(1→4)-linked N-acetyl-D-glucosamine (GlcNAc) and D-glucosamine (GlcN) units in varying proportions (Lan, 2022). Chitin, a structural polysaccharide found naturally in the exoskeletons of arthropods, cephalopod endoskeletons, and fungal cell walls, is usually alkalinely N-deacetylated to generate chitosan (Butnariu, 2023).
Traditionally, crustacean shells, particularly shrimp and crab wastes, have served as the main commercial sources of chitin and chitosan (Sabu et al., 2022). However, crustacean-derived chitosan may contain residual proteins such as tropomyosin, myosin light chain, and arginine kinase, which are known allergens (Iqbal et al., 2024). These limitations have stimulated growing interest in alternative, non-animal sources of chitin and chitosan, particularly fungi and mushrooms, which provide a safer, more sustainable, and easily cultivable option (Iber et al., 2022).
Fungi, especially those belonging to the Zygomycota, Ascomycota, and Basidiomycota divisions, contain chitin as a key structural component of their cell walls (Kosal, 2023). Particularly in mushrooms, belonging to the Basidiomycetes group - such as Pleurotus ostreatus (Oyster mushrooms) have been recognized as promising candidates for chitin and chitosan extraction due to their abundance, ease of cultivation, and short growth cycles (Ayser et al., 2024). Moreover, fungal chitosan is typically free from mineral impurities and allergenic proteins, enabling extraction under milder chemical conditions with lower environmental impact and reduced production cost (Araújo et al., 2020).
The synthesis of chitosan nanoparticles (CNPs) primarily utilizes strategies such as ionic gelation, where the interaction of protonated amino groups of chitosan interacts with negatively charged cross-linkers like tripolyphosphate (TPP) facilitates the formation of stable nano-sized particles (Khoerunnisa et al., 2021; Mikušová and Mikuš, 2021). Characterization techniques such as Particle size analysis (PSA), Scanning Electron Microscope (SEM), Fourier Transform Infrared Spectroscopy (FTIR), and X-ray diffraction analysis (XRD) are routinely employed to assess nanoparticle particle size distribution, surface morphology, functional groups, and crystallinity.
This study explores fungi as a sustainable source of chitin and chitosan, which have both scientific and industrial significance. An improved understanding of their extraction efficiency and physicochemical characteristics may broaden the potential applications of fungal-derived chitosan, particularly as a biocompatible and eco-friendly alternative to animal-derived polymers. 
The goal of the current work is to extract chitin and chitosan from fungal sources and to synthesize chitosan nanoparticles from both fungal-derived and crustacean-derived commercial chitosan. Their structural and functional characteristics were analyzed using advanced analytical techniques such as Particle Size Analysis (PSA), Scanning Electron Microscopy (SEM), Fourier Transform Infrared Spectroscopy (FTIR), and X-ray Diffraction (XRD).
2. MATERIALS AND METHODS
2.1 Materials 
In this study, Oyster mushroom (P. ostreatus) was selected as a fungal source for chitosan extraction. Mushrooms were collected from the Mushroom production unit of the Instructional farm, College of Agriculture (CoA), Vellayani, Thiruvananthapuram. The samples were cleaned and dehydrated in a hot air oven at 50 °C for 48 hours. The dried mushrooms were ground into a fine powder using a blender and then sieved through a 30-mesh sieve before chitin extraction. The chitosan extracted from the fungal source was used for nanoparticle synthesis. For comparison, commercial marine-derived chitosan (low molecular weight, extrapure, 10–150 m.Pas, 90% degree of acetylation; SRL) was also used.
Glacial acetic acid, sodium hydroxide (NaOH), and hydrochloric acid (HCl) were obtained from the Department of Plant Pathology, CoA, Vellayani. The analytical quality of sodium tripolyphosphate (TPP, technical grade 85%) was purchased from Sigma-Aldrich. All experiments were conducted using distilled and deionized water.
2.2 Methods 
2.2.1 Extraction of Chitin and Chitosan from Fungal Sources
The powdered mushroom sample (20 g) was used to extract the chitin through the demineralization process. The demineralization process was done by treating the sample with 250 mL of 2M HCl solution at 60°C for 15 hours in a glass beaker. The samples were rinsed with distilled water after demineralization, followed by filtration using Whatman no 1 filter paper. This process was followed by a deproteinization step to eliminate protein residues from the mushroom. The deproteination was carried out by treating the sample with 2M NaOH solution at 85°C in a glass beaker for 24-hour. Following this, samples were rinsed with distilled water until their pH was neutral. A decolorization procedure utilizing a 1:2:4 mixture of chloroform, methanol, and distilled water was carried out on the sample for an hour. Following another rinse with distilled water, the samples were dried at 65°C in a hot air oven till the sample becomes dry. Chitosan was produced through deacetylation by refluxing the chitin samples separated in the previous stage with 60% NaOH for 4 h at 130°C. Following this procedure, the samples underwent filtering and distilled water washing until their pH was neutral. The resulting chitosan was dried in an oven set at 65°C for 5 hours.
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2.2.2 Yield of Extracted Chitin and Chitosan
The method provided by Sousa et al. (2025) was used to compute the chitosan yield (%) on a dry-weight basis, with minor adjustments:
 
2.2.3 Synthesis of Chitosan Nanoparticles
Chitosan nanoparticles were synthesized using a bottom-up approach from fungal-derived and crustacean-derived commercial chitosan. Ionic gelation was used to carry out the synthesis, and sodium tripolyphosphate (TPP) was used as a crosslinking agent. 0.1% fungal-derived chitosan and crustacean-derived commercial chitosan were separately mixed in a magnetic stirrer with 1% acetic acid solution for half an hour until a clear chitosan solution was obtained. Then pH was maintained at 4.6 by adding 1% NaOH to the chitosan solution. A 0.1% TPP solution was prepared by using deionized water and mixed well in a magnetic stirrer till it was mixed properly. The TPP solution was then gradually added to a chitosan solution while being stirred by a magnetic stirrer (Chitosan solution: TPP was 3:1). The ChNP were formed by adding 0.1% TPP (w/v) drop by drop under magnetic stirring. Then the ChNP was filtered through Whatman no.1 filter paper. After filtration ChNP solution was centrifuged at 10,000rpm for 10 minutes in a 50ml centrifuge tube to get the nanoparticles. ChNPs were settled at the bottom of the tube, which was collected by removing supernatant and then oven-dried at 65 °C to get the ChNP powder.
[image: ]
2.2.4 Characterization of Chitosan Nanoparticles 
The average size of the nanoparticles was determined by Particle size analysis (PSA), the presence of functional groups by FTIR, the crystallographic structure by XRD, and SEM was utilized to analyze the surface morphologies of the mushroom-derived chitosan nanoparticles and crustacean-derived commercial chitosan nanoparticles. The CSIR-National Institute for Interdisciplinary Science and Technology (NIIST), located in Thiruvananthapuram, Kerala, India, conducted all of the analyses.
3. RESULTS AND DISCUSSION
3.1 Extraction and Characterization of fungal-derived chitin and Chitosan
3.1.1 Yield of Chitin and Chitosan from a fungal source
The chitin yield from Pleurotus ostreatus was found to be 5–7% of the dry weight, while the subsequent chitosan yield obtained after deacetylation was approximately 70%. These findings are comparable to previous reports in fungal systems, where Phyllophora ribis yielded 7.9% chitin and 75.3% chitosan, and Lactarius vellereus showed 11.4% chitin with 73.1% chitosan conversion (Erdogan et al., 2017). In contrast, crustacean shells generally possess higher chitin content ranging from 13–42% (Synowiecki & Al-Khateeb, 2003). Likewise, it was found that several insect species' dry weight chitin concentrations ranged from 2.59% to 36% (Zainol et al., 2020; Kaya et al., 2015). Similar to crustaceans and insects, the chitin concentrations of fungi vary greatly between species. The dry weight chitin concentrations of the mycelium of microfungi species from various phyla ranged from 2.3 to 42.0%, according to Synowiecki and Al-Khateeb (2003). The chitin concentration of a few cultivated macrofungi under the Basidiomycota phylum was examined by Vetter (2007), where the chitin concentrations of Agaricus bisporus, Pleurotus ostreatus, and Lentinula edodes were 7.31%, 2.8%, and 6.55% for the stipes and 6.67%, 3.78%, and 8.07% for the pileus, respectively. According to Kaya et al. (2015), the dry weight chitin content of the medicinal fungus Fomitopsis pinicola was 30.11 percent, and its chitosan production was 71.75 percent. According to Kaya et al. (2015), the lichen species Xanthoria parietina, which is made up of algae and fungus, has a dry weight chitin content of 4.23%.
The relatively lower yield in mushroom-derived chitin is attributed to the complex polysaccharide matrix of the fungal cell wall, where β-1,3-glucans and chitin microfibrils are tightly interlinked (Fraga et al., 2020; Tamura, 2021; Shibu et al., 2025). Such associations hinder efficient extraction compared to crustacean sources. Nevertheless, fungal-derived chitosan offers significant advantages - namely, the absence of allergenic proteins, better solubility, and non-animal origin, which are crucial for biomedical and agricultural applications (Kumar et al., 2025; Seidler et al., 2024).
Furthermore, ease of cultivation, rapid biomass production, and eco-friendly extraction make Pleurotus ostreatus a viable alternative to crustacean sources. The variation in yield may also be influenced by species, substrate composition, growth stage, and extraction conditions (Chee et al., 2024; Elhalis, 2025).

3.2.1 Synthesis and characterization of fungal-derived and crustacean-derived Chitosan nanoparticles
Commercially sourced crustacean-derived and fungal-derived chitosan nanoparticles synthesized using the ionic gelation technique with sodium tripolyphosphate (TPP) successfully formed smooth, fine white powders with highly aggregated, irregular spherical nano-scale structures. This morphology is consistent with earlier reports demonstrating that chitosan–TPP nanoparticles typically exhibit spherical to quasi-spherical shapes with varying degrees of aggregation due to strong intermolecular hydrogen bonding and electrostatic interactions among polymer chains (Mikušová and Mikuš 2021; El-Sayed and Elshaarawy 2025). The aggregation observed in both samples is also a common outcome during drying, as chitosan nanoparticles possess high surface energy that promotes particle–particle adhesion (Alhajj et al., 2020; Amin et al., 2022).
To determine the average size of the nanoparticles of both, particle size analysis (PSA) is used. A clear difference in nanoparticle sizes was observed between the two chitosan sources. Particle size nanoparticles synthesized from crustacean-derived commercial chitosan averaged 31.56 nm, while those synthesized from mushroom-derived fungal chitosan were significantly smaller at 21.47 nm. This difference can be ascribed to the intrinsic physicochemical properties of fungal chitosan. Fungal-derived chitosan is widely reported to exhibit higher purity, higher degree of deacetylation (DD), and often lower molecular weight compared to traditional commercial crustacean-derived chitosan (Isibor, 2024; Tedesco et al., 2025). These parameters strongly influence nanoparticle formation during ionic gelation.
SEM analysis of both crustacean-derived and fungal-derived chitosan nanoparticles further confirmed the successful formation of nano-sized structures through the ionic gelation method. The SEM micrographs revealed irregular, unevenly distributed, and highly aggregated particles in both nanoparticle formulations. According to Rajabimashhadi et al. (2025), the ChNPs formulation shows large, asymmetrical aggregates with harshly defined borders at low magnification. ChNPs made with TPP often have these morphological characteristics because of the strong electrostatic contacts between the protonated amino groups of chitosan and the polyanionic phosphate groups of TPP lead to cross-linking, which commonly results in irregular and aggregated nanoparticle (Khoerunnisa et al., 2021; Pan et al., 2020).
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The chemical structure and bonding of ChNPs made from commercial chitosan obtained from crustaceans (Fig. 3a) and from a fungal source (Fig. 3b) were ascertained using FTIR spectroscopy. The primary absorption bands in the ChNPs' FTIR spectra were located at 3100–3300, 2930, 1626, 1538, 1378, 1064, and 515 cm-1, respectively. The stretching vibration of -OH was responsible for the strong and wide absorption band seen at 3181 and 3261 cm-1. The –OH bonding shown in the ChNPs' FTIR spectra between 3100 cm-1 and 3550 cm-1 verified the hydrophilic nature of the ChNPs, which was suggested by the amount of water they contained. The methylene's asymmetric stretching vibration in the ChNPs was represented by the absorption band at 2930 cm-1 (Keogh et al., 2010). After TPP was added, the bending vibration of N–H in the chitosan/TPP nanoparticles produced the absorption band at 1626 and 1633 cm-1 (Vimal et al., 2012). An aliphatic nitro compound's N–O stretching might be attributed to the bands with centers at 1532, 1538 cm-1, and 1378 cm-1. (Mohammadpourdounighi et al., 2010). According to Li et al. (2008), the main alcohol's C–O stretching vibration showed the peak between 1063 and 1064 cm-1. The absorption band at 515 cm-1 indicated the presence of bromoalkanes.
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X-ray diffraction (XRD) was utilized to investigate the structural characteristics of chitosan nanoparticles throughout a 2θ range of 0° - 80°. XRD patterns (Fig. 4a, 4b) of both crustacean-derived ChNPs and Fungal ChNPs displayed several peaks around 2θ = 10.98°, 17°, 18.9°, 23.99°, 26.67°, indicating the decrease in crystallinity and showing the amorphous nature of nanosized chitosan; nearly similar peaks were observed by Hariprasath et al. (2025). These peaks come from TPP diffraction patterns, which are closely linked to the ionic interactions between chitosan's amine groups and TPP counterions (Khoerunnisa et al., 2021). The reduction in crystallinity compared to raw chitosan implies effective nanoparticle formation, as the crosslinking with TPP disrupts the regular arrangement of chitosan chains (Manuel Laza, J. 2016). According to Hariprasath et al. (2025), the amorphous nature of 50.3% of the nanoparticles indicates that the ionic gelation synthesis was successful. Crosslinking and nanoscale dispersion disturb the order of the polymer chain, which lowers the crystallinity.
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4. Conclusion
The present study successfully demonstrated that Pleurotus ostreatus as an efficient, sustainable, and non-animal source of chitin and chitosan, offering a promising substitute to crustacean-derived polymers. The fungal biomass yielded 5–7% chitin and 70% chitosan after deacetylation, values consistent with previously reported ranges for Basidiomycetes. Although fungal chitin yields are typically lower than crustacean sources, the absence of allergenic proteins, ease of cultivation, and reduced environmental impact highlight the advantages of fungal-derived chitosan for industrial and biomedical applications. Chitosan nanoparticles synthesized from both fungal-derived and crustacean-derived chitosan using the ionic gelation method exhibited successful nanoparticle formation, as confirmed by particle size analysis, SEM, FTIR, and XRD. Notably, fungal-derived ChNPs displayed a smaller particle size (21.47 nm) compared to crustacean-derived ChNPs (31.56 nm), which can be ascribed to the higher purity and promising physicochemical characteristics of fungal chitosan. SEM analyses revealed aggregated and irregular morphologies typical of TPP-crosslinked nanoparticles, while FTIR spectra validated the presence of characteristic functional groups involved in chitosan–TPP interactions. XRD analysis indicated reduced crystallinity, confirming effective nanoparticle synthesis and structural reorganization upon crosslinking. Overall, the findings affirm that fungal-derived chitosan not only matches but, in some characteristics, surpasses crustacean-derived chitosan in its ability to form nano-sized particles with desirable structural and functional features. This study underscores the possibility of chitosan produced from mushrooms as an eco-friendly, biocompatible, and cost-effective material for applications in nanotechnology, drug delivery, environmental remediation, and sustainable agriculture. Further research exploring its biological activity, stability, and application-specific performance could expand its utility across multiple scientific and industrial domains.
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Fig 3: Detection of surface morphology using Scanning Electron Microscope
(SEM): a) crustacean-derived commercial source of ChNPs; b) Fungal-
derived ChNPs
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Fig 4: Detection of functional groups using Fourier Transform Infrared Spectroscopy (FTIR): a) crustacean-

derived ChNPs; b) Fungal ChNPs
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Fig 5: Detection of crystallographic structure using X-ray diffraction analysis (XRD): a) crustacean-

derived ChNPs; b) Fungal ChNPs
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Fig 1: Extraction of chitosan from fungal source: a. Dried and powdered mushroom, b. Demineralization, c.
Deproteinization, d. Deacetylation, e. Prepared chitosan
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Fig 2: Synthesis of ChNPs from fungal source and crustacean-derived commercial source: a.

Adding STPP to chitosan solution (1:3 ratio), b. Synthesized ChNPs sol", c. Centrifugation
(10,000rpm, 10min), d. Oven-dried powdered ChNPs




