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Abstract  

Fishery by-products represent a sustainable source of marine biomaterials with significant potential for wound 

dressing applications. This study investigates a marine collagen–chitosan composite derived from Spanish mackerel skin 

and blue swimming crab shells as a candidate wound dressing material, with a focus on structural characterization and 

antibacterial activity. Acid-soluble collagen (ASC) was extracted through alkaline pretreatment followed by acetic acid 

hydrolysis, yielding 3.125%, and the freeze-dried product exhibited a porous white morphology with well-preserved 

amide bands. SEM–EDX analysis revealed a distinct transformation from the dense dermal matrix of raw skin to a layered 

ASC structure dominated by carbon and oxygen elements, indicating improved collagen purity. Chitosan obtained from 

blue swimming crab shells achieved a 19.3% yield, moderate viscosity (65.3 mPa·s), and a high degree of deacetylation 

(92.57%). FTIR and EDX characterization confirmed the successful removal of acetyl groups and a substantial reduction 

in mineral elements. Antibacterial assays demonstrated that pure chitosan exhibited inhibitory activity against Escherichia 

coli (18.23 ± 0.20 mm) and Staphylococcus aureus (15.80 ± 1.65 mm), while collagen–chitosan composites retained 

activity against E. coli but showed reduced effectiveness against S. aureus. These results demonstrate the feasibility of 

utilizing locally derived marine collagen and chitosan as a composite biomaterial, with antibacterial performance 

influenced by chitosan proportion and requiring further formulation optimization. 

 

Keywords: Fishery by-product utilization, Marine collagen–chitosan composite, Acid-soluble collagen, Antibacterial 

biomaterials, Wound dressing materials 

 

Introduction 

Collagen and chitosan are widely recognized as 

natural biomaterials with great potential in 

pharmaceutical and biomedical applications because 

they are biocompatible, biodegradable, and able to 

support tissue regeneration [1,2]. Collagen forms strong 

and stable fibrillar structures, making it essential in 

products such as wound dressings [3], drug delivery 

systems, and tissue substitutes [4,5]. Across the past few 

decades, the collagen industry has relied heavily on 

bovine and porcine derivatives as its main raw material 

sources. However, growing concerns about biological 
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safety, environmental impact, and ethical or religious 

acceptability have encouraged researchers to explore 

safer and more sustainable alternatives. Spanish skin, a 

readily available by-product from local fish-processing 

activities, has emerged as a promising option due to its 

relatively small molecular size, good absorption 

characteristics [6], and reported biofunctional properties 

suitable for medical use [7,8]. 

South Kalimantan is known for its amplang-

processing industry. This industry produces a significant 

amount of Spanish mackerel skin as a by-product, but its 

utilization remains limited to products such as dried skin 

or fish crackers [9]. Several studies have also explored 

dried Spanish mackerel skin as a source of hydrolyzed 

collagen for food and cosmetic applications [6,10]. In 

addition, coastal areas of Kalimantan are major 

producers of frozen blue crab for export, generating 

large quantities of shell by-products. These shells are 

rich in chitin, which can be converted into chitosan, a 

bioactive polymer with antibacterial properties, 

regenerative activity, and the ability to promote wound 

healing [11,12]. The combination of collagen and 

chitosan in a single composite material may produce 

synergistic effects: collagen provides a biocompatible 

structure resembling the tissue matrix, while chitosan 

offers antibacterial protection and bioactivity needed to 

prevent infection in wounds [1,2]. 

Various studies have demonstrated the potential of 

collagen–chitosan composites for biomedical 

applications [2], including modified formulations 

designed to enhance material stability, tissue 

regeneration, and antibacterial activity [13,14]. 

Nevertheless, most existing research still relies on 

commercial collagen or collagen derived from terrestrial 

animals [15,16], raising concerns related to biological 

safety, sustainability, as well as ethical and halal 

acceptability. In addition, the chitosan used is generally 

sourced from commercial raw materials [1,17] and the 

integrated utilization of local fishery by-products as 

sources of both biopolymers remains limited. Studies 

that combine natural material extraction, comprehensive 

physicochemical characterization, and antibacterial 

evaluation within a single integrated research 

framework are also still scarce, particularly those 

utilizing Indonesian marine resources. Therefore, this 

study extracts collagen from Spanish mackerel skin and 

chitosan from blue swimming crab shells, formulates 

them into a collagen–chitosan composite, and 

systematically evaluates their structural, chemical, and 

antibacterial properties as a sustainable marine-based 

biomaterial candidate for wound dressing applications. 

 

Materials and methods 

Materials  

The materials used in this study consisted of 

primary raw materials and supplementary reagents. The 

primary raw material was by-product Spanish mackerel 

(Scomberomorus commerson) skin and Blue Swimming 

Crab (Portunus pelagicus) shell, obtained from MSMEs 

(Micro, Small, and Medium Enterprises) in South 

Kalimantan. The supplementary reagents included 

distilled water, technical-grade sodium hydroxide 

(NaOH), technical-grade acetic acid (CH₃COOH), 

hydrochloric acid (HCl), sodium chloride (NaCl), butyl 

alcohol and strain bacteria Escherichia coli (ATCC 

25922), and Staphylococcus aureus (ATCC 29213). The 

equipment employed was divided into extraction and 

analytical instruments. The extraction stage utilized an 

analytical balance (OHAUS), a beaker glass 2L, plastic 

wrap, thermometer, nylon mesh 100 mesh, pH indicator 

paper, pH meter, showcase, UV-Vis Spectrophotometer 

(Thermo Scientific Orion AquaMate 8100), centrifuge 

(Infitek), and freeze dryer (Daihan Scientific, FD-10N-

60A, Maskot). For analysis, the instruments included a 

pH meter, oven (Thermo Scientific Heratherm 

OGS100), Fourier Transform Infrared Spectrometer 

(FTIR) (FTIR with Eco-ATR, Bruker & Confocal Laser 

Raman Spectrometer HO-SP-CRM216), and Scanning 

Electron Microscope-Energy Dispersive X-Ray (SEM-

EDX) (SEM Evo 10 Carl Zeiss, with EDX).  

 

Acid-Soluble Collagen (ASC) and chitosan 

extractions 

 Spanish mackerel skin was subjected to an 

extraction procedure adapted and modified from a 

previously reported method [18]. The skin was cleaned, 

cut into approximately 1 cm² pieces, and stored at −20 

°C prior to use. Pretreatment involved alkaline treatment 

(0.1 M NaOH, 1:10 w/v, 4 °C, 12 h; solution renewed 

every 2 h) to remove non-collagenous proteins, followed 

by defatting using 10 %(v/v) butyl alcohol (1:10 w/v, 48 

h). After washing to neutral pH, acid hydrolysis was 

carried out with 0.5 M acetic acid (1:15 w/v) at 4 °C for 

72 h with periodic stirring. The extract was filtered to 
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remove insoluble residues, and collagen was 

precipitated by salting-out with 1.8 M NaCl and 

collected by centrifugation. The precipitate was 

redissolved in 0.3 M acetic acid (1:2 w/v) and dialyzed 

using a 14 kDa molecular weight cut-off membrane 

against acetic acid and distilled water. The extraction 

process produced acid-soluble collagen (ASC), which 

was subsequently freeze-dried prior to characterization. 

All experiments were conducted in triplicate. 

Chitosan was prepared from blue swimming crab 

shells  according to previously reported procedures with 

minor adjustments [19]. The shells were cleaned, dried, 

milled, and sieved (100 mesh). Demineralization was 

performed using 7% HCl (1:7 w/v, 90 °C, 2 h), followed 

by deproteinization with 8% NaOH (1:10 w/v, 90 °C, 2 

h) and deacetylation using 50% NaOH (1:10 w/v, 140 

°C, 2 h). Between each step, samples were washed to 

neutral pH under continuous stirring. The resulting 

chitosan was dried at 40 °C for 8 h and stored in airtight 

containers for subsequent characterization. All 

treatments were performed in triplicate. 

 

 Analysis of soluble protein concentration 

 Protein concentration was determined using the 

[20] with bovine serum albumin (BSA) as the 

calibration standard. Absorbance was measured at 595 

nm using a UV-Vis spectrophotometer, and protein 

concentrations were calculated from a BSA standard 

curve. All measurements were performed in triplicate. 

 

 Degree of swelling 

 The swelling degree was assessed to examine the 

effect of acetic acid (CH₃COOH) immersion time on the 

Spanish mackerel’s skin. Acetic acid causes the skin to 

swell, facilitating extraction. The swelling degree (%) 

was calculated according to [21], as expressed by the 

following equation: 

 

𝐷𝑒𝑔𝑟𝑒𝑒 𝑜𝑓 𝑆𝑤𝑒𝑙𝑙𝑖𝑛𝑔 (%) =  
𝑊2−𝑊1

𝑊1
 x 100%         (1) 

 

where, W1 represents the sample weight before 

immersion, and W2 represents the sample weight after 

immersion. 

 

  

 

 Yield measurement 

 Collagen yield was determined by comparing the 

weight of collagen obtained to the initial weight of the 

skin raw material [22]. The yield was calculated using 

the following formula: 

 

𝐶𝑜𝑙𝑙𝑎𝑔𝑒𝑛 𝑌𝑖𝑒𝑙𝑑 (%) =
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐶𝑜𝑙𝑙𝑎𝑔𝑒𝑛 (𝑔)

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑅𝑎𝑤 𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 (𝑔)
 x 100                 (2) 

 

 Degree of deacetylation 

 The degree of deacetylation (DD) of chitosan was 

determined by potentiometric titration following 

standard procedures, with calculation adapted [23]. 

Chitosan samples were dissolved in 0.1 M HCl under 

continuous stirring to ensure complete protonation of 

amino groups. The solution was then titrated with 0.1 M 

NaOH while monitoring pH changes to obtain the 

titration curve. The DD value was derived from the 

quantitative relationship between free amino groups and 

acetylated units, which reflects the chemical reactivity 

and functional performance of chitosan. In addition to 

titration, the DD calculation was supported by FTIR 

analysis using the absorption ratio between 1,320 and 

1,420 cm⁻¹ according to the Brugnerotto equation: 

 

𝐷𝐴 (%) =
𝐴1320

𝐴140
−

0.3822

0.03133)
     

𝐷𝐷 (%) = 100 − 𝐷𝐴               (3) 

 

where A₁₃₂₀ and A₁₄₂₀ are the absorbance values at 1,320 

and 1,420 cm⁻¹, respectively. 

 

 Proximate analysis 

 Proximate analysis of fish skin and crab shell 

samples was performed to determine moisture, ash, 

lipid, and protein contents according to standard AOAC 

methods [24]. These parameters were used to assess raw 

material quality and the effectiveness of the extraction 

processes. All measurements were conducted in 

triplicate to ensure accuracy and reproducibility. 

 

 SEM-EDX Procedure 

 The morphological and elemental characteristics 

of collagen extracted from Spanish mackerel skin and 

chitosan were observed using Scanning Electron 

Microscope-Energy Dispersive X-Ray (SEM-EDX) 

(SEM Evo 10 Carl Zeiss, with EDX), following 

previously reported methods with minor modifications 
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[25]. Freeze-dried collagen and powdered chitosan 

samples were mounted on aluminum stubs with double-

sided carbon tape and coated with a thin layer of gold to 

enhance conductivity. Surface morphology was 

examined under high vacuum, and EDX spectra were 

collected to identify elemental composition. The 

analysis focused on carbon and oxygen as the 

predominant elements in collagen, whereas carbon, 

oxygen, calcium, magnesium, and phosphorus were 

identified as the main constituents in chitosan. 

 

 FTIR Procedure 

 The functional groups of collagen extracted from 

Spanish mackerel skin and chitosan from crab shells 

were analyzed by Fourier Transform Infrared 

Spectroscopy (FTIR with Eco-ATR, Bruker & Confocal 

Laser Raman Spectrometer HO-SP-CRM216), based on 

established methods with minor adjustments [26]. Dried 

samples were finely ground and homogenized with 

potassium bromide (KBr) to form transparent pellets. 

Spectra were recorded in the range of 4,000 - 400 cm⁻¹ 

with a resolution of 4 cm⁻¹. The absorption bands were 

examined to identify functional groups and confirm the 

structural characteristics of collagen and chitosan. 

 

 Antibacterial assay  

 The antibacterial activity was evaluated using the 

agar diffusion method with slight modifications based 

on previously reported procedure [1,27]. A 20 mL 

nutrient agar plate was inverted and dried at 37 °C for 

30 min to obtain a solid nutrient agar plate. 

Approximately 0.5 mg of chitosan and formulation 

(chitosan + collagen) samples were pipetted into the 

wells prepared on the agar plate. The test bacteria used 

in this study were Escherichia coli and Staphylococcus 

aureus. The agar plate was incubated overnight at 37 °C. 

The diameter of the zone of inhibition that appeared on 

the surface was measured in 5 directions. The average 

value was used to calculate the zone of inhibition (ZoI). 

 

 Data analysis 

 The results were analyzed using ANOVA and 

continued with the Tukey test. The difference was used 

to optimize the NaOH soaking pretreatment process for 

making ASC by looking at the concentration of 

dissolved protein. 

 

Results and discussion  

 The proximate compositions of Spanish 

mackerel skin 

 The raw materials for ASC extraction were from 

Spanish mackerel skin. The materials were analyzed for 

proximate composition, including moisture, ash, 

protein, lipid, and carbohydrate contents (Table 1). The 

proximate composition of raw materials plays an 

important role in determining extraction efficiency and 

the quality of the resulting collagen [28].    The data 

reflect the characteristics of the dermal matrix, 

providing a baseline for collagen extraction.

 

Table 1 Proximate composition of Spanish mackerel skin. 

Raw material Moisture Ash Protein Lipid 

Spanish Mackerel skin (ww %) 67.59 ± 0.61 0.72 ± 0.09 25.98 ± 0.07 3.92 ± 0.09 

Note: Values are expressed as mean ± standard deviation (n = 3). 

 

 In this study, Spanish mackerel skin contained 

25.98% protein, slightly higher than the 23.13% 

reported previously [29] and within the 20% - 29.07% 

range documented for other fish species such as 

Pangasius, Red Tilapia, Red Snapper, Parrotfish, and 

Ganglomo [30]. This finding highlights the competitive 

potential of mackerel skin as a collagen source, further 

supported by its abundance in Indonesian waters. High 

protein content reflects the substantial availability of 

collagen within the dermal matrix [31], whereas 

relatively low lipid and ash contents support a more 

efficient extraction process [32]. Excessive lipid content 

can hinder acid penetration into collagen tissues and 

reduce extraction efficiency, while high mineral content 

may interfere with collagen solubility and purity 

[33,34]. Therefore, an appropriate raw material 

composition can result in higher collagen yield and 

improved purity. High-quality collagen is essential for 

subsequent formulation stages, as its purity and 

structural integrity influence the stability and 
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homogeneity of interactions with chitosan during 

composite formation [35]. 

 Soluble protein concentration after pre-

treatment with 0.1 M NaOH Immersion  

 Pre-treatment of Spanish mackerel skin with 0.1 M 

NaOH was proven effective in removing non-

collagenous proteins, pigments, and other impurities 

from the dermal matrix [36]. The concentration of 

soluble protein decreased with immersion time, 

stabilizing after 8 h, consistent with the result of 

research [10]. Residual NaOH solutions after immersion 

at different time intervals (2 - 12 h) confirmed this trend 

(Figure 1). This pattern indicates a shift from rapid 

protein removal to a plateau, suggesting reduced 

efficiency as easily extractable components become 

limited. The slight increase at prolonged immersion 

(10–12 h) may indicate reduced process selectivity 

under extended alkaline exposure.

 

 

Figure 1 Dissolved protein concentration after 0.1 M NaOH pre-treatment (Mean ± SD; n = 3). 

 

 The results indicate that most non-collagenous 

proteins were eliminated before 8 h of treatment, 

thereby improving the initial purity of collagen and 

enhancing the quality of the raw material for subsequent 

extraction stages. Insufficient deproteinization allows 

residual non-collagen proteins to reduce collagen purity 

and interfere with the isolation process, resulting in 

lower yield and poorer structural quality of the extracted 

collagen [37]. Collagen with low purity may exhibit 

reduced stability and suboptimal functional properties 

[38] and may also disrupt the interaction between 

collagen and chitosan during composite formation. 

These findings are consistent with previous reports 

indicating that controlled alkaline treatment can 

effectively remove proteins and pigments while 

preserving the triple-helix structure of collagen [39], 

whereas excessive treatment may lead to partial 

denaturation and decreased yield due to structural 

degradation [40,41]. Therefore, the stabilization of 

protein concentration after 8 h indicates the attainment 

of optimal conditions between effective non-collagen 

protein removal and preservation of collagen integrity, 

which is essential for obtaining collagen with adequate 

purity, yield, and stability for biomaterial applications. 

 

 Swelling of fish skin during pre-treatment 

 Following optimal pre-treatment (8 h NaOH 

immersion), the skin was hydrolyzed with 0.5 M acetic 

acid for 3 days, resulting in 386 ± 12.5% swelling 

(Figure 2). Visually, the untreated skin appeared dense, 

dry, and tightly packed, whereas after acid treatment the 

structure became more translucent, swollen, and 
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partially separated, indicating increased water uptake 

and matrix relaxation. The obtained value indicates 

substantial hydration of the collagen matrix, which 

enhances acid penetration and improves collagen 

solubilization efficiency through increased interfibrillar 

spacing and weakening of intermolecular interactions 

[41]. The observed swelling degree falls within the 

typical range reported for fish skin collagen raw 

materials (150% - 600%) [32,42], suggesting sufficient 

matrix expansion without excessive structural 

degradation. Optimal swelling contributes to improved 

collagen yield and purity by facilitating more efficient 

solvent diffusion, whereas insufficient or excessive 

swelling may reduce extraction efficiency and damage 

collagen structure [43].  Therefore, the swelling value 

obtained reflects extraction conditions that are both 

efficient and capable of preserving the structural 

integrity of collagen for biomaterial applications.

 

 

Figure 2 Mackerel skin before acetic acid immersion (A) and after acetic acid immersion (B). 

 

 The filtrate obtained after hydrolysis in the acidic 

solution was subsequently freeze-dried to produce dry 

collagen. This process preserved collagen structural 

integrity while yielding a stable porous product suitable 

for further characterization and biomaterial applications. 

The dried structure exhibits a porous morphology, 

indicating effective water sublimation and the formation 

of a stable matrix for further characterization. 

 

 Morphological and yield characteristics of ASC  

 Morphological differences between ASC before 

and after freeze-drying are shown in Figure 3. Initially, 

ASC appeared as a soft yellowish gel (A), which 

transformed into a porous white solid after freeze-drying 

(B). This transformation reflects successful water 

removal by sublimation, yielding collagen with 

improved stability and ease of application. 

  

 

Figure 3 Acid-soluble collagen (ASC) before freeze-drying (A) and following freeze-drying (B). 
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The obtained ASC showed a yield of 3.125 ± 

1.45%, which falls within the typical range of acid-

soluble collagen yields reported from various fish skins, 

such as needlefish and bigeye tuna (3.05%) [41,44].  and 

catfish (9.3%) [45]. These variations in yield are 

generally influenced by the protein content of the raw 

material and extraction conditions, including the 

duration of acid immersion or hydrolysis [32,44]. 

Nevertheless, the high swelling degree observed in this 

study indicates sufficient matrix expansion to support 

extraction efficiency and produce ASC suitable for 

biomaterial development. 

 

 Characterization of ASC through SEM–EDX 

and FTIR analyses 

 SEM–EDX analysis was conducted to evaluate the 

structural and compositional changes occurring during 

the collagen extraction process in Spanish mackerel skin 

and the resulting freeze-dried ASC. The comparative 

findings for both samples are presented in Figure 4.

 

 

Figure 4 SEM-EDX analysis of Spanish mackerel skin (A) and ASC after freeze-drying (B). 

  

 SEM observations revealed a clear morphological 

transition from the dense and compact structure of 

Spanish mackerel skin to a more porous and fibrillar 

ASC structure after acid extraction and freeze-drying, 

consistent with several previous studies [45,46]. This 

transition indicates that non-collagenous components 

were effectively removed and collagen fibrils were 

successfully separated from the original dermal matrix 

[45]. The resulting fibrillar structure exhibited a 

relatively organized and interwoven arrangement, 

reflecting preservation of collagen integrity and the 

formation of a porous microstructure that facilitates 

fluid and oxygen diffusion. EDX analysis consistently 

confirmed a reduction in mineral content after the 

extraction process. Raw fish skin generally contained 

detectable inorganic elements such as calcium and 

sodium. However, the purified extracted collagen was 

dominated by carbon (C) and oxygen (O), with a 

significant decrease in mineral peaks [46]. This finding 

indicates the effectiveness of demineralization and 

deproteinization processes in improving collagen purity 

[47]. The reduction of inorganic residues plays an 

important role in producing collagen with better 

structural homogeneity and enhancing its stability and 

compatibility for biomedical applications [48]. 

 The FTIR spectrum of ASC exhibited 

characteristic collagen absorption bands (Figure 5), 

with major peaks observed at 3,345 cm⁻¹ (N–H, amide 

A), 2,924 - 2,853 cm⁻¹ (aliphatic C–H), 1,654 cm⁻¹ 

(C=O, amide I), 1,545 cm⁻¹ (N–H/C–N, amide II), and 

1,240 cm⁻¹ (C–N/N–H, amide III), confirming the 

presence of type I collagen [49,50]. The clear presence 

of amide I–III bands indicates that the triple-helix 

structure of collagen was preserved during the 
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extraction and freeze-drying processes [51]. The 

stability of this triple-helix structure is a key indicator of 

collagen quality, as it is closely related to thermal 

stability, mechanical properties, and suitability for 

biomaterial applications, particularly as a supporting 

matrix in wound dressing systems [52].

 

 

Figure 5 FTIR spectrum of ASC extracted from spanisch mackerel skin after freeze-drying. 

 

 Compositional changes and physicochemical 

properties of extracted chitosan 

 The extraction of blue swimming crab shells into 

chitosan (Table 2) confirms the effective 

implementation of demineralization and 

deproteinization as essential steps in chitosan formation 

[53,54]. Ash content showed no significant difference 

between the raw material and chitosan after 

demineralization, indicating that residual mineral 

fractions may still influence the solubility and viscosity 

of the resulting chitosan [55]. In contrast, protein 

content showed a significant reduction, indicating the 

effectiveness of the deproteinization process in 

removing non-chitin proteins, thereby enhancing the 

purity of the chitin matrix and supporting a more optimal 

deacetylation process [56]. This condition is consistent 

with previous studies reporting that the removal of 

proteins and minerals from crustacean shells is a critical 

factor in producing chitosan with a more homogeneous 

polymer structure [57].

 

Table 2 Characteristics of raw materials and chitosan extracted from blue swimming crab shells. 

Parameter Raw material Chitosan 

Appearance Powder Powder 

Moisture (%) 1.58 ± 0.05a 1.57 ± 0.05a 

Ash (%) 73.61 ± 0.26a 73.49 ± 0.17a 

Crude protein (%) 12.56 ± 0.13a 7.48 ± 0.04b 

Lipid (%) 0.39 ± 0.30a 0.07 ± 0.06b 

Yield (%) - 19.06 ± 0.32 

Viscosity (mPa·s) - 65.3 ± 2.08 

Note: Values are expressed as mean ± standard deviation (n = 3). Different superscript letters within the same parameter 

indicate significant differences between raw material and extracted chitosan (p < 0.05). 
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 The data further indicate a consistent reduction in 

lipid content alongside stable moisture levels, 

suggesting improved material stability and reduced 

interference from residual components in the extracted 

chitosan. The obtained chitosan yield falls within the 

general range reported for crustacean-based chitosan in 

previous studies, typically around 5% - 50% [58-60], 

indicating efficient conversion of chitin into chitosan 

without excessive polymer degradation. Moreover, the 

viscosity of crustacean-derived chitosan, which 

generally ranges from 20 - 200 mPa·s [61,62], reflects 

adequate polymer chain length for film formation and 

stable composite structure development. The 

combination of improved purity, optimal yield, and 

suitable viscosity, in agreement with previous studies, 

confirms that chitosan derived from blue swimming 

crab shells possesses appropriate physicochemical 

properties for biomaterial applications, particularly as a 

matrix in collagen–chitosan composite formulations. 

 

 Morphological and elemental characterization 

of raw crab shell and extracted chitosan (SEM–

EDX) 

 The SEM–EDX results in Figure 6 show 

structural and chemical compositional changes 

following the extraction of chitosan from blue 

swimming crab shells, consistent with the 

characteristics presented in Table 2. The raw shells 

exhibited a dense structure dominated by a mineral–

protein–chitin complex, particularly calcium carbonate, 

as previously reported in crustacean shell matrices 

[63,64]. Calcium carbonate is strongly bound to the 

chitin matrix and is reflected by the dominant presence 

of Ca, Mg, and P elements in the EDX spectrum. After 

the demineralization and deproteinization processes, the 

chitosan surface became smoother and more 

homogeneous, similar to observations reported for the 

same species despite differences in extraction 

temperature and duration [65].

 

 

Figure 6 SEM micrographs of blue swimming crab shells (A) chitosan blue swimming crab (B). 

 

 The reduction in mineral element intensity and the 

dominance of C and O in the EDX spectrum indicate the 

removal of mineral and protein components from the 

chitin matrix and the formation of a characteristic 

polysaccharide structure of chitosan [66]. These 

findings are consistent with the results presented in 

Table 2, which show that most structural proteins 

associated with chitin were hydrolyzed and solubilized 

during alkaline treatment, thereby increasing the purity 

of the chitin matrix and facilitating the removal of acetyl 

groups during the deacetylation process. This condition 
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contributed to the formation of a smoother and more 

homogeneous chitosan morphology. 

 

Functional group profiles and degree of 

deacetylation analysis 

 The FTIR spectra presented in Figure 7 

demonstrate distinct differences in functional group 

characteristics among blue swimming crab (BC)  

chitosan, commercial chitosan, and the raw crab shell 

material, supporting the structural and compositional 

changes previously observed in the SEM–EDX analysis 

and the physicochemical characteristics. A broad 

absorption band in the range of 3,100 + 3,500 cm⁻¹, 

associated with –OH and –NH stretching vibrations, 

appears more intense in BC chitosan, indicating a higher 

degree of deacetylation and an increased number of free 

amine groups [67]. The Amide I band, typically located 

at 1,620 - 1,655 cm⁻¹, shows lower intensity in BC 

chitosan compared with the raw material and 

commercial chitosan, indicating a more efficient 

deacetylation process. This finding is consistent with the 

reduction in protein content and the increased purity of 

the chitin matrix observed in Table 2. The spectra also 

reveal distinct variations in peak distribution and 

intensity patterns among the samples, reflecting 

differences in molecular structure and chemical 

composition following the extraction process.

 

 

Figure 7 FTIR spectra of blue swimming crab, chitosan blue swimming crab shells and commercial chitosan. 

 

 The calculated degree of deacetylation (DD) 

indicates that BC chitosan achieved a DD value of 

92.57%, which is higher than that of commercial 

chitosan. This value remains within the range reported 

in previous studies [60,68], typically between 70% and 

97.8% for crab shell–based chitosan, depending on 

extraction methods and deacetylation conditions. A high 

DD reflects the dominance of free amine groups (–NH₂), 

which contribute to improved solubility [69], enhanced 

film-forming ability [12], and increased cationic charge 

of chitosan [70]. These properties promote stronger 

interactions with negatively charged bacterial cell walls 

and consequently enhance antibacterial potential 

[71,72]. 

 

Collagen-Chitosan antibacterial assay 

 Antibacterial activity testing was performed to 

evaluate the functional potential of BC chitosan and its 

interaction with ASC collagen within the composite 

system (Table 3). Pure BC chitosan exhibited greater 

antibacterial activity compared with the collagen–

chitosan composite formulations, whereas the blended 

formulations showed reduced inhibition against E. coli 

and no detectable activity against S. aureus. The 
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antibacterial activity observed for BC chitosan remained 

within the moderate to strong range [2] commonly 

reported for crab shell–derived chitosan, approximately 

4 - 25 mm, which is influenced by the degree of 

deacetylation [73] and chitosan concentration 

[19,74,75]. However, this activity decreased following 

incorporation with collagen, likely due to a reduction in 

the effective chitosan concentration and the formation of 

a denser composite network [1,2]. The data further 

indicate that variations in the collagen–chitosan ratio do 

not result in statistically significant differences in 

inhibition zone diameters, suggesting a limited 

contribution of compositional variation to antibacterial 

performance.

 

Table 3 Inhibition zone of chitosan and chitosan–collagen formulations against E. coli and S. aureus. 

Sample 
Inhibition zone diameter (mm) 

E.coli S.aureus 

Control (+) 31.27 ± 0.47a 28.87 ± 0.87a 

Control (-) 2.47 ± 0.25e 0c 

Col 8.00 ± 0.72d 0c 

Ch 18.23 ± 0.20b 15.80 ± 1.65b 

Col:Ch (1:1) 15.63 ± 0.25c 0c 

Col:Ch (2:1) 16.93 ± 1.04c 0c 

Col:Ch (1:2) 16.33 ± 0.55c 0c 

Note: Values are presented as mean ± standard deviation (n = 3). Different superscript letters within the same column 

indicate significant differences between samples (p < 0.05). 

 

 The antibacterial properties of chitosan are closely 

associated with the presence of positively charged free 

amine groups (–NH₂), which interact electrostatically 

with negatively charged bacterial cell surfaces. These 

interactions disrupt membrane permeability and inhibit 

bacterial growth [76]. The results indicate that E. coli 

was more susceptible than S. aureus, which can be 

attributed to differences in cell wall structure [77]. 

Gram-negative bacteria such as E. coli possess a thinner 

peptidoglycan layer [78,79], facilitating interaction with 

chitosan, whereas Gram-positive bacteria such as S. 

aureus have a thicker peptidoglycan layer that restricts 

chitosan penetration [74,80]. Within the collagen–

chitosan composite system, partial interaction between 

chitosan amine groups and collagen reduces the 

availability of free amine groups for direct interaction 

with bacterial cells. 

 Interactions between ASC collagen and BC 

chitosan primarily occur through hydrogen bonding 

between the hydroxyl and carboxyl groups of collagen 

and the amine groups of chitosan, leading to the 

formation of a more compact and interconnected 

polymer network [81]. The establishment of this 

network contributes to improved structural stability and 

homogeneity of the composite matrix. However, the 

formation of a dense polymeric structure may also limit 

the mobility and diffusion of chitosan within the matrix 

and toward the bacterial surface [78]. As a result, the 

enhancement of antibacterial activity in the composite 

formulations remains limited, since a portion of the 

reactive chitosan groups becomes involved in internal 

network formation rather than interacting directly with 

bacterial cells. Similar observations have been reported 

in previous studies, where strong intermolecular 

interactions within collagen–chitosan systems reduced 

the availability of active functional groups responsible 

for antibacterial performance [13,78,82]. Therefore, 

optimizing the proportion of chitosan within the 

composite or incorporating additional antibacterial 

agents may enhance antibacterial effectiveness while 

maintaining the structural integrity of the collagen–

chitosan biomaterial [15]. 

 

Conclusions 

 This study demonstrates that collagen and chitosan 

can be successfully obtained from Spanish mackerel 

skin and blue swimming crab shells while preserving 

their essential structural and functional characteristics. 
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SEM–EDX and FTIR analyses confirmed effective 

purification and the presence of key functional groups, 

while antibacterial evaluation indicated that 

antimicrobial activity was primarily attributed to 

chitosan, with limited synergistic effects observed in 

collagen–chitosan composite formulations. These 

findings highlight the potential of fishery by-products as 

sustainable sources of biomaterials for wound dressing 

applications. However, the reduced antibacterial 

performance in composite formulations indicates that 

optimizing the proportion of chitosan within the matrix 

is essential to maintain the availability of active 

functional groups. The incorporation of additional 

antibacterial agents may further enhance antimicrobial 

effectiveness without compromising the structural 

integrity of the collagen–chitosan biomaterial. 

Therefore, future studies should focus on formulation 

optimization and systematic in vitro evaluation prior to 

advanced functional testing and in vivo validation to 

strengthen their biomedical and therapeutic relevance. 
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