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					ABSTRACT  

					ARTICLE INFO  

					Chitosan is a biopolymer found in large quantities on Earth, particularly in the exoskeletons of  

					insects, shrimp, and crabs. In this study, chitosan was isolated and characterized from meti shell  

					(Batissa violaceae L.). Furthermore, four bacteria strains were used to investigate antibacterial  

					activity of chitosan extracted from meti shell. The results showed that for chitosan with a 77.81%  

					degree of deacetylation, Fourier Transform Infrared (FTIR) analysis verified the presence of NH  

					out-of-plane bending (872 cm-1) and C-O-C stretching (1029 cm-1). Chitosan crystallinity was  

					determined by X-ray diffraction (XRD), which showed a maximum peak at 29.39°. Furthermore,  

					elemental analysis showed that the amount of carbon (12.01%) was higher compared to other  

					elements such as hydrogen and nitrogen. The isolated chitosan showed antibacterial activity with  

					a greater zone of inhibition against Staphylococcus aureus (22 mm) and a smaller zone of  

					inhibition against Pseudomonas aeruginosa. The capacity to scavenge 1,1-diphenyl-2-  

					picrylhydrazyl (DPPH) radicals varied from 48.85% to 82.65% at different doses ranging from  

					62.5-1000 ppm. Chitosan from meti shell was found to be non-toxic based on the results of BSLT.  

					This study highlights the unique properties of chitosan from meti shell, making it a promising  

					material for nanotechnology and medical applications.  
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					In recent years, natural polymers have attracted significant interest in  

					the industrial world, as a suitable alternative to replace synthetic  

					Introduction  

					Meti shell (Batissa violaceae L.) is abundant in La’a River,  

					North Morowali Regency, Central Sulawesi, Indonesia, serving as a  

					popular type of food in the community. The shell has good economic  

					value for domestic and export needs. Based on Indonesian capture  

					fisheries statistical data in 2019, shellfish production in Central  

					Sulawesi reached 424.47 tons.1 A study on nutritional content by  

					Jamaluddin et al. (2016) found that meti shell contain 17 types of fatty  

					acids unsaturated (45.16%) and 7 types of saturated (54.98%). The  

					content further includes 18 types of amino acids consisting of 10  

					essential and 8 non-essential. Proximate analysis showed that meti  

					shellfish had a water content of 69.18%, ash content of 1.67%, fat  

					content of 10.66%, protein content of 13.31%, and carbohydrate content  

					of 5.18%.2 Despite the significant potential, meti shell waste has not  

					been used optimally. According to previous reports, chitin compounds  

					can be found in the shell of green mussel (Perna viridis) and horse  

					mussel (Modiolus modiolus).3–6 The shell would be a good starting point  

					for producing biomaterials such as chitosan to increase the value of by-  

					products, while also reducing the accumulation of waste, which pollutes  

					the ecosystem. Therefore, meti shell waste can be processed to produce  

					chitin and chitosan compounds.  

					polymers that damage the environment and detrimental to human  

					health. As a natural biopolymer with many applications and functional  

					qualities, chitosan is a byproduct of chitin deacetylation with significant  

					advantages.7 Chitosan is an oligosaccharide compound derived from the  

					deacetylation of chitin under high-temperature conditions. In the chitin  

					structure, the amino group (-NH₂) is initially linked through acetyl  

					bonds, and the degree of deacetylation determines the yield and quantity  

					of chitosan molecules formed.8  

					Chitosan and its derivatives exhibit a range of bioactivities, most  

					notably antimicrobial and antioxidant effects. Both Gram-positive and  

					Gram-negative bacteria are vulnerable to chitosan’s antibacterial action,  

					which is attributed to electrostatic interactions between positively  

					charged chitosan polycations and negatively charged microbial cell  

					surfaces, ultimately causing cell death.9 Safety evaluation is essential,  

					and one widely used assay is the brine-shrimp lethality test (BSLT)  

					employing Artemia salina larvae—an organism that is inexpensive,  

					easy to culture, and reliable for preliminary toxicity screening.10 To  

					unlock chitosan’s pharmaceutical potential, key physicochemical  

					attributes—crystallinity, morphology, molecular weight, solubility, and  

					especially degree of deacetylation—must be characterized because  

					these parameters strongly influence its pharmacological activity.11,12  

					Accordingly, this study investigates the physicochemical profile of  

					chitosan extracted from meti shell (Batissa violacea L.) collected in the  

					La’a River, North Morowali Regency, Central Sulawesi, Indonesia. We  

					further evaluate its antibacterial and antioxidant activities and assess its  

					safety limits through BSLT, providing a comprehensive appraisal of  

					Meti-shell-derived chitosan for prospective pharmaceutical  

					applications.  
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					Its novelty lies in the utilization of an understudied biomass, the  

					freshwater meti shell (Batissa violacea L.), and its integrated analysis.  

					In contrast, most of the previous work was carried out on marine shells  

					(for example, Varma and Vasudevan prepared chitosan from the horse  

					mussel Modiolus modiolus and characterized it by means of  

					FTIR/Raman/XRD analysis, and found chitosan with 57%  
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					deacetylation suitable for biomedical applications, with clear  

					antibacterial properties (e.g. inhibition zones of 9mm against  

					Escherichia coli at 200µg/mL);6 Gobinath et al. corresponding Perna  

					viridis shell-derived chitosan with the similar pre-treatment (~18%  

					yield) also characterized by FTIR/XRD and tested for the antibacterial  

					activity by bactercidal assays.13 This study is unique in its use of  

					Batissa shells from Sulawesi and in combining routine physicochemical  

					characterization with functional bioactivity testing. The antibacterial  

					testing (disc-diffusion methods) and antioxidant assays (which followed  

					the DPPH radical-scavenging protocol, as with other shellfish chitosan  

					studies are all widely descried tests that offer some insight into the  

					material’s potentiality for food or medical uses.4 Significantly, the  

					presence of the Brine Shrimp Lethality Test (BSLT) provides an  

					inexpensive and fast cytotoxicity screen that complements the  

					bioactivity data: BSLT has been commonly accepted as a simple initial  

					assay for cytotoxicity.14 In combination, these techniques afforded a  

					comprehensive characterization on the properties of the new chitosan.  

					As the local shell waste was turned into a high value biopolymer, the  

					present study could serve as an excellent example of sustainable waste  

					valorization: chitosan from shellfish is biodegradable and  

					biocompatible and its processing from foodery by-products is a really  

					green process.15 With this methodological combination, namely, novel  

					source material and antibacterial/antioxidant testing and toxicity  

					screening, the present study is unique in the literature and a direct  

					support for the development of sustainable biomaterials in the region.  

					The recent studies on chitosan are mainly orientation in the aquatic,  

					structurally disjunct. Only a few studies available (i) of chitosan  

					extracted throughout from fresh water mussel Batissa violacea L.,  

					which is yet to be studied and (ii) chitosan studied by applying all in  

					Solubility testing of chitosan  

					Solubility was tested by dissolving 1% chitosan in acetic acid  

					concentrations of 0.5%, 1%, and 2% with a ratio of 1:100 (w/v).  

					Subsequently, the sample was filtered using filter paper and heated at  

					100℃ for 1-2 hours.15 Insolubility and Solubility was calculated using  

					the equations 1 and 2 respectively:  

					푆표푙푢푏푖푙푖푡푦  

					= 100% − 퐼푛푠표푙푢푏푖푙푖푡푦  

					(2)  

					Determination of viscosity and molecular weight of chitosan  

					Chitosan 0.1%, 0.5%, and 1% were dissolved in 100 mL of 2% acetic  

					acid solution. About 5 mL of chitosan solution was pipetted into a dry  

					and clean Ostwald viscometer Type 509 05 (SI Analytics GmbH,  

					Mainz, Germany). Flow time was measured and carried out in three  

					repetitions,16 then viscosity and molecular weight were measured with  

					an Ostwald viscometer. Viscosity was calculated using the formula  

					(equation 3):  

					(3)  

					Where, η1 = water viscosity (0,89 cP); η2 = chitosan solution viscosity  

					(cP); t1 = flow time of water (minute); t2 = flow time of chitosan  

					solution (minute); ρ1 = specific gravity of water (1 g/cm3); ρ2 = specific  

					gravity of acetic acid (1.05 g/cm3). Molecular weight was calculated  

					using the Mark-Kuhn-Houwink equation 4 and 5:  

					(η) = K.Ma  

					combination, physicochemical, antibacterial,  

					antioxidant  

					and  

					cytotoxicity studies by BSLT. By addressing this lack, our work  

					contributes not only with the diversity of biological and geographical  

					range of payloads of chitosan, but a scarce and elusive panoptic  

					knowledge that touches upon its relationship safety-effectiveness and  

					yields potential for the development of sustainable materials in  

					Sulawesi and beyond.  

					(4)  

					Log (η) = log K + a log M  

					(5)  

					Where, K,a = Mark-Kuhn-Houwink constant; K = 9,8 x 10-4; a = 0,9; η  

					= intrinsic viscosity; M = molecular weight of chitosan.  

					Determination of the degree of deacetylation of chitosan  

					The degree of deacetylation of chitosan from meti shell was assessed  

					using a Thermo Scientific™ Nicolet™ iS™5 FT-IR Spectrometer  

					(Thermo Fisher Scientific Inc., Waltham, MA, USA) tool in the range  

					400-4000 cm-2.17 The degree of deacetylation was calculated using the  

					equation 6:  

					Materials and Methods  

					Materials  

					Meti shell was collected in March 2023 from La’a River, North  

					Morowali Regency, Central Sulawesi, Indonesia (Latitude:  

					-

					2.027154714110243; Longitude:121.48159108583717) for chitosan  

					synthesis. The experiments used several materials and solvents,  

					including acetic acid glacial (≥99.8% purity), ethanol (≥99.9% purity),  

					sodium hydroxide (NaOH) (99–100% purity), hydrochloric acid (HCl)  

					(37% concentration), and sulfuric acid (H2SO4) (95–97%  

					concentration) (Merck KGaA, Darmstadt, Germany). The glassware  

					and instruments were provided by the Research Laboratory,  

					Pharmaceutics and Formulation Technology Laboratory, Faculty of  

					Mathematics and Natural Sciences, Tadulako University.  

					% DD = [ 1 -A1655/A3450 × 1/1,33 ×100%]  

					(6)  

					Elemental analysis  

					Elemental analysis of the prepared chitin and chitosan samples was  

					performed using a Thermo Scientific FlashSmart Elemental Analyzer  

					(Thermo Fisher Scientific, Waltham, MA, USA).The percentages of  

					nitrogen and carbon were computed, then the chromatographic  

					elemental analyzer determined carbon, hydrogen, and nitrogen using  

					flash burning in an oxygenated environment. Gas chromatography was  

					used to separate the combustion products, then a data collection board  

					and a thermal conductivity detector were used to measure the  

					percentages.  

					Methods  

					Extraction of chitin and chitosan  

					Extraction was carried out following the method of Sulastri et al.14 in  

					chitosan production. Chitosan was extracted from Meti shell (Batissa  

					violacea L.) waste through a series of chemical treatments. All steps  

					employed a solid-to-liquid ratio of 1:10 (w/v). Initially, the shell powder  

					was filtered, rinsed thoroughly with distilled water, and dried in an oven  

					at 80°C. The deproteinization step was followed by demineralization,  

					where the dried shell material was treated with 1 M hydrochloric acid  

					(HCl) at 70°C for 90 minutes. After treatment, the sample was filtered,  

					washed with distilled water to remove residual acid, and dried again at  

					80°C. The obtained chitin was then subjected to deacetylation by  

					treatment with 40% sodium hydroxide (NaOH) at 80°C for 240  

					minutes, maintaining the same 1:10 (w/v) ratio. After deacetylation, the  

					material was washed with running water until a neutral pH was  

					achieved. Finally, excess water was removed through evaporation, and  

					the sample was oven-dried at 80°C to obtain chitosan in powder form.14  

					Crystallinity of chitosan  

					Crystallization testing was carried out using X-ray diffraction (XRD)  

					tool (PANalytical B.V., Almelo, The Netherlands). Samples of 0.5 g of  

					chitosan from meti shell were observed from the diffraction patterns  

					using Cu-Kα radiation (λ = 0.15406 nm) at 40 kV. The relative intensity  

					was recorded over a 2θ scattering range of 10-90°.18  

					Antimicrobial test of chitosan  

					Antibacterial procedures followed previous studies by Kusnadi et al.19  

					with slight modifications.19 Chitosan extracted from meti sell solution  

					preparation, bacterial rejuvenation antibacterial activity test, and solid  

					media (nutrient agar and potato dextrose agar) (Merck KGaA,  

					Darmstadt, Germany) were all included in the test. Staphylococcus  

					aureus ATCC 25923 and Staphylococcus epidermidis ATCC 12228,  
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					Escherichia coli ATCC 11827, and Pseudomonas aeruginosa ATCC  

					9027 purchased from Sigma-Aldrich (Merck KGaA, Darmstadt,  

					Germany) were the test bacteria. The disc diffusion method was used to  

					test antibacterial activity.19 All determinations were performed in  

					triplicate (n = 3).  

					Solubility of chitosan  

					Solubility test was carried out using solvent concentrations of 0.5%,  

					1%, and 2%. The results in Figure 1 showed that at solvent  

					concentrations of 1% and 2%, chitosan solubility reached 100%. Higher  

					concentrations of acetic acid increased the degree of protonation,  

					making it easier for chitosan to dissolve more completely.23 Chitosan  

					made from meti shell was only 45.7% soluble at a 0.5% solvent  

					concentration, while the commercial type was 42.3% soluble. As stated  

					by Pavoni et al., chitosan is only weakly soluble in the majority of  

					common solvents but is known to dissolve in acidic conditions.24  

					Antioxidant test of chitosan  

					To assess antioxidant activity of chitosan, DPPH radical scavenging  

					method, as described by Wulandari et al. (2021) was used. DPPH (2,2-  

					diphenyl-1-picrylhydrazyl) reagent was purchased from Merck KGaA,  

					Darmstadt, Germany. A stock solution of chitosan from meti shell was  

					prepared by weighing 200 mg of each, dissolving in 2% acetic acid, and  

					stirring the solution for 2 hours. Each stock solution was taken in  

					volumes of 5, 2.5, 1.25, 0.625, and 0.3 mL corresponding to a  

					concentration series of 1000, 500, 250, 125, and 62.5 ppm using a  

					micropipette. The solution was transferred into 10 mL volumetric  

					flasks. Each flask was then filled to the mark with 96% ethanol p.a. and  

					homogenized. From each concentration, 2 mL was transferred to  

					separate test tubes, followed by the addition of 3 mL of DPPH solution,  

					and the mixture was homogenized. The test solution was incubated for  

					30 minutes in a low-light environment, and absorbance was measured  

					using a UV-Vis spectrophotometer (Inesa N4S, INESA Scientific  

					Instrument Co., Ltd., Shanghai, China) at 517 nm. The absorbance of  

					the solution was measured at 517 nm using a spectrophotometer. DPPH  

					solution without any sample or standard served as the control, while  

					ascorbic acid was used for positive control. The percentage inhibition  

					of DPPH radical scavenging activity was calculated to determine  

					antioxidant activity of chitosan, using the formula provided.4 All  

					determinations were performed in triplicate (n = 3).  

					Figure 1: Solubility of chitosan from meti shell  

					Viscosity and molecular weight of chitosan  

					Toxicity test of chitosan  

					As shown in Table 1, chitosan made from meti shell had a molecular  

					weight of 2.3x10³ to 5.5x10³ Da and a viscosity of 1.08 to 2.30 cP. At  

					0.1% chitosan concentration, the viscosity was the lowest, while at 1%  

					chitosan concentration, the viscosity was the highest. The results are  

					consistent with the study conducted by Bagiana et al., where viscosity  

					increased with chitosan concentration.25 The matrix became more  

					complex and viscous with increasing chitosan content. In addition, the  

					molecular weight increased with viscosity.25 The viscosity of chitosan  

					developed in this study was considered moderate despite the increase.  

					The commercial quality standard of Protan Laboratories Inc. (1987)  

					states that the viscosity of chitosan should be greater than 200 cP and  

					the molecular weight above 120×10³ kDa.26 The low molecular weight  

					and viscosity may be due to the extensive demineralization process and  

					high deacetylation temperature. Some species of shellfish reportedly  

					have different molecular weights, including Perna viridis (16.50 kDa),  

					Donax scortum (373.80 kDa), and Modiolus modiolus (345.94  

					kDa).6,27,28 The molecular weight of chitosan is influenced by changes  

					in the source and degree of deacetylation (DDA). Production  

					parameters also play a crucial role including high temperatures, alkali  

					concentration, reaction duration, chitin pre-treatment methods, particle  

					size, chitin concentration, oxygen levels, and shear stress during  

					processing.28  

					Chitosan toxicity test was conducted using BSLT method, where the  

					test solution was prepared by making chitosan solution with a  

					concentration of 3000 μg/mL. By weighing 300 mg of chitosan and then  

					dissolving with 0.5% acetic acid, 0.1 N NaOH was added to neutralize  

					pH and sufficed with artificial seawater to 100 mL. The mother solution  

					was diluted into 5 test concentrations of 100 μg/mL, 250 μg/mL, 500  

					μg/mL, 750 μg/mL, and 1000 μg/mL. Furthermore, BSLT testing was  

					carried out using 10 Artemia salina larvae which were placed in each  

					vial, each concentration of test solution required 5 vials and replicated  

					3 times. The same treatment was also carried out on the controls used,  

					namely seawater and neutralized 0.5% acetic acid control. The vials  

					were subsequently placed under the illumination of a 40-60-watt lamp.  

					Observations were made for 24 hours on larval mortality and compared  

					with the control.20 The standard criterion for assessing death is when the  

					larvae do not show movement for several seconds during observation.21  

					All determinations were performed in triplicate (n = 3)  

					Statistical analysis  

					All experiments were conducted in triplicate (n = 3). Data were  

					analyzed using GraphPad Prism version 10.2.3 (GraphPad Software,  

					San Diego, CA, USA) and Microsoft Excel 365 (Microsoft Corp.,  

					Redmond, WA, USA). Statistical differences among mean values were  

					evaluated using one-way analysis of variance (ANOVA), followed by  

					Tukey’s Honestly Significant Difference (HSD) test for post-hoc  

					comparisons. A p-value ≤ 0.05 was considered statistically significant.  

					Table 1: Viscosity and molecular weight of chitosan from meti  

					shell  

					Chitosan concentration Parameter  

					(%)  

					0.1  

					η (cP)  

					1.08  

					MW (Da)  

					2.3 x 103  

					Results and Discussion  

					Extraction of chitin and chitosan  

					0.5  

					1

					1.51  

					2.30  

					3.4 x 103  

					5.5x 103  

					Meti shell was used to extract chitin and chitosan, with an average  

					weight of 50 g. From 500 g of pulverized powder, 68.46% and 56.16%  

					of chitin and chitosan were recovered, respectively. The results were  

					similar to those of Majekodunmi et al. who reported chitosan yields of  

					51.80% and 43.80% from Mytilis edulis and Laevicardium  

					attenuatum.22  

					FTIR analysis  

					The main bands found in FTIR analysis of chitosan ranged from 400 to  

					4000 cm-1 (Figure 2). Chitosan absorbance bands were found at peaks  

					of 711.99, 871.34, 1029.23, 1396.73, 1668.41, 1976.20, 2029.03,  

					2158.75, 2835.99, 2943.13, and 3421.47 cm-1 (Table 2). For chitosan  

					and ring stretching, 711.99, 759.05, and 871.34 cm-1 show -NH out of  
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					plane bending (Fig. 2). At 1029.23 cm-1, C-O-C stretching was detected,  

					and at 1396.73 cm-1, amide I and II bands were formed. Isolated  

					chitosan showed aliphatic CH stretching at 2835.99 cm-1 and  

					asymmetric CH2 stretching was demonstrated by the peak at 2943.13  

					cm-1. Furthermore, chitosan showed assigned -OH stretching at 3421.47  

					cm-1 (Table 1). The results were comparable to those of Sudatta et al. in  

					pen shell and Varma et al. in horse mussel. The free amino group at C2  

					in glucosamine is represented by the isolated chitosan spectra at 1029  

					cm–1 obtained from FTIR analyses in pen shell and horse mussel.6,29 In  

					the primary alcoholic group, a significant peak of chitosan was detected  

					at 1396 cm–1, corresponding to C–O starch. The free amino group  

					(−NH2) at the glucosamine C2 position was represented by a prominent  

					absorption band observed by Sudatta et al. in pen shell and Varma et al.  

					at 1016 and 1039 cm–1, respectively.6,29 Absorption peak at 871 cm–1  

					was attributed to C–N stretching, in the horse mussel chitosan  

					spectrum6. In S. pharaonis, CO (amide) and NH main amine bends were  

					found at 1638 cm–1, and OH stretching frequency appeared at 3452 cm-  

					Compared to chitosan from other sources, including crab shell  

					(88.29%),32 hawkmoth (86%),33 cicada sloughs (84.1%), silkworm  

					chrysalises (85.5%), mealworms (85.9%), grasshoppers (89.7%), and  

					shrimp shell (91.2%),34 DDA values found in this study were lower.  

					Different species, raw material compositions, geographic origins,  

					processing techniques such as deproteinization, demineralization,  

					decolorization, and deacetylation, as well as particular conditions,  

					namely temperature, duration, and alkali concentration can all cause  

					variations in DDA values.8,35  

					Table 3: Elemental composition in the extracted chitin and  

					chitosan from meti shell  

					Sample  

					Nitrogen  

					(%)  

					Carbon  

					(%)  

					Hydrogen  

					(%)  

					%Degree of  

					Deactylation  

					Chitin  

					Chitosan 2.62  

					3.80  

					12.27  

					12.01  

					0.27  

					0.34  

					-

					77.81  

					1

					.

					Elemental analysis of chitosan  

					To determine the amount of elemental and isotopic chemicals in the  

					samples, elemental analysis was performed. The isolated chitosan from  

					meti shell included the following percentages namely 2.62%, 12.01%,  

					and 0.34% of nitrogen, carbon, hydrogen, and sulfur, respectively  

					(Table 3). In natural habitats, mollusks are primarily responsible for the  

					buildup and movement of calcium, carbon, and nitrogen. The elemental  

					analysis was used to determine the percentage composition of carbon,  

					nitrogen, and hydrogen in the extracted chitosan. Following the  

					conversion of chitin to chitosan, the investigation showed a substantial  

					decrease in the carbon and nitrogen proportion but a higher proportion  

					of hydrogen in chitosan than in chitin. The results indicated that, in  

					comparison to nitrogen, hydrogen, and sulfur, carbon makes up a  

					significant portion of chitosan (12.01%). Similar results were reported  

					by Varma et al. in horse mussel and Sudatta et al. in pen shell.6,29 The  

					average nitrogen content ranged between 0.64% and 0.83%, whereas  

					the carbon content averaged approximately 11%.  

					Figure 2: FTIR spectra of chitosan from meti shell  

					Chitosan crystallinity  

					The analysis of polymorphic materials with different crystalline  

					structures is usually performed with XRD. Figure 3 shows XRD  

					patterns of chitosan extracted from meti mussel shell (CM). Fourteen  

					distinct peaks were found at the 2θ values of 23°, 26°, 27°, 29°, 31°,  

					33°, 36°, 37°, 39°, 43°, 47°, 48°, 52°, and 53° of CM XRD spectra. The  

					presence of the hydroxyapatite mineral component was indicated by  

					two sharp peaks at 29° and 33° as well as powerful peaks at 33–39° in  

					chitosan from meti shell. XRD patterns of chitosan extracted from green  

					mussel shell,8 and Pinna bicolor pen shell,29 strongly resemble each  

					other, according to this analysis.  

					Table 2: Wavenumber and possible assignment of absorption  

					band of chitosan from meti shell  

					Wavenumber (cm-1) Vibration modes or possible  

					assignment  

					712  

					NH out of plane bending  

					Ring stretching  

					CO stretching  

					872  

					1029  

					1396  

					1668  

					2029  

					2158  

					2835  

					2943  

					3421  

					Amide II  

					-C=O (Amide II)  

					-C≡N  

					-C≡C  

					Aliphatic CH stretching  

					Symmetric CH stretching  

					-OH stretching  

					Chitosan degree of deacetylation  

					Chitosan with higher purity usually has a higher degree of deacetylation  

					(DDA), making it an important metric for evaluating quality. The  

					biological, functional, and physicochemical properties of chitosan are  

					greatly influenced by this parameter. Furthermore, DDA indicates how  

					well the chemical deacetylation process removes acetyl groups.30 FTIR  

					analysis results showed that DDA value for chitosan was 77.81% as  

					shown in Table 3. An inadequate deacetylation process could be  

					indicated by the comparatively low DDA levels. Chitosan extracted  

					from Donax scortum (74.35%),28 Ensis arcuatus (48.22%),31 Modiolus  

					modiolus (57.43%),6 Perna viridis (32.71% and 52.56%),3 Pinna  

					bicolor (59.76%),29 reportedly have comparable DDA levels.  

					Figure 3: XRD of extracted chitosan from meti shell  
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					Antimicrobial property of chitosan  

					The chemical and structural properties of chitosan are principally  

					responsible for antibacterial effectiveness. Chitosan, a polymeric  

					macromolecule cannot pass through bacteria outer membrane, which  

					acts as a strong barrier against bigger molecules. Therefore, chitosan is  

					unlikely capable of directly reaching the intracellular components of the  

					cell. A significant aspect of chitosan is the positive charge of the amino  

					group at C-2 when the pH is below pKa (6.3). This leads to a  

					polycationic structure that is likely to interact with the mainly anionic  

					components, such as lipopolysaccharides and proteins, found on the  

					bacteria surface.38 The distinct chemical composition of Gram-positive  

					and Gram-negative bacteria cell walls, which affects susceptibility to  

					antimicrobial medications causes variation in the inhibitory zone forms  

					against various bacteria. Chitosan and the derivatives have a significant  

					impact on the rupture of bacteria cell walls, according to previous  

					studies. Compared to gram-negative bacteria such as Serratia  

					marcescens and E. coli, Gram-positive bacteria including S. aureus, B.  

					subtilis, and Sarcinia lutea are reportedly more sensitive to chitosan  

					treatment.39  

					Chitosan isolated from meti mussel had considerable antibacterial  

					activity against two Gram-positive (E. coli and P. aeruginosa) and two  

					Gram-negative (S. aureus and S. epidermidis) bacteria. Different  

					concentrations of chitosan (500–2000 ppm) were applied to each  

					bacteria (Figure 4). Based on the results, the amount of chitosan from  

					meti  

					(CM)  

					increased  

					the  

					bacteria  

					growth  

					inhibitory  

					activity. Antibacterial activity data showed that the maximum inhibition  

					zone was shown by CM at a concentration of 2000 ppm/disc on S.  

					aureus (22.28 mm), followed by S. epidermidis (21.45 mm), E. coli  

					(20.99 mm) and P. aeruginosa (20.81 mm). A comparison of different  

					CM concentrations in antibacterial test showed significant differences  

					in the average inhibition zone diameter at a 0.05 significance level. The  

					results indicated that the inhibitory zone width was highly influenced  

					by changes in chitosan concentration, with greater CM concentrations  

					typically resulting in a significant reduction in the zone size.36 Similarly,  

					Anggraeni et al. used chitosan doses ranging from 125 to 2000 ppm  

					and found comparable effects.37  

					Figure 4: Inhibition zone of chitosan from meti shell chitosan against bacteria treated with 2% acetic acid (negative control),  

					chloramphenicol (positive control), P1 (500 ppm), P2 (750 ppm), P3 (1000 ppm), P4 (1500 ppm), and P5 (2000 ppm). Note: letters  

					from the same alphabet indicate non-significant at p < 0.05. The data were expressed as mean ± standard deviation of three replications.  

					Antioxidant of chitosan  

					IC50 values of chitosan extract, and ascorbic acid for DPPH radicals  

					were 85.47 ppm, and 5.50 ppm, respectively.  

					Toxicity of chitosan  

					Antioxidant activity of chitosan extract prepared from meti shell is  

					shown in Figures 2 and 3. The percentage inhibition value represents  

					DPPH radical scavenging activity. To evaluate this activity, DPPH  

					technique is frequently used both in vitro and in vivo. Antioxidant  

					activity of certain compounds may be evaluated with this method,  

					which can also help determine the effective in vivo dose.40 The  

					experiment control, ascorbic acid, had the highest level of antioxidant  

					activity in comparison to CM. The results indicated that antioxidant  

					efficacy of CM in scavenging DPPH radicals varied between 48.85% to  

					82.65%. Chitosan demonstrated a reliable antioxidant activity that  

					correlated positively with the concentration. Antioxidant activity of  

					chitosan derived from the donacid clam shell was investigated by  

					Shanmugam et al. (2012) who found that at concentrations between 0.1  

					and 10 mg/mL, antioxidant activity ranged from 20% to 80%.28 To  

					create more stable radical macromolecules, hydrogen atom activity  

					reacts with superoxide and hydroxyl anion radicals during chitosan  

					scavenging process. The key measure, IC50 (half maximal inhibitory  

					concentration), is inversely related to antioxidant activity. A lower IC50  

					indicates higher antioxidant efficacy.41 Analysis results showed that  

					One method for determining a compound level of toxicity is BSLT. This  

					test was used due to the widespread application, affordability, speed,  

					ease of administration, and reliability.42 In general, the mortality of  

					Artemia salina Leach larvae can be used to ascertain the outcomes due  

					to the effects of specific chemicals at predefined concentrations. This  

					method was carried out by computing the 24-hour LC50 value analyzed  

					using Probit analysis. The results of a 24-hour observation of Artemia  

					salina Leach larvae response to chitosan are shown in Table 4. A curve  

					illustrating the relationship between the larval mortality percentage and  

					chitosan concentration log is then created using Table 4 as a basis  

					(Figure 5). To find LC50, the linear regression equation from figure 6  

					was used, yielding a line equation of y = 1.2922x + 0.4795, with R2 =  

					0.981. The calculated LC50 value was 3149.91 ppm. According to  

					Meyer et al., a compound is considered toxic when LC50 value is ˂ 1000  

					μg/mL, and non-toxic when > 1000 μg/mL.43 LC50 results showed that  

					chitosan extracted from meti shell did not harm Artemia salina Leach  

					larvae.  
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					Table 4: Percentage of larval mortality using chitosan from meti shell  

					Number  

					replication  

					of  

					Number of  

					Concentration (ppm) Larvae  

					Total deaths  

					Average  

					% Mortality  

					Tested  

					1

					2

					3

					100  

					10  

					0

					1

					0

					1

					2

					4

					7

					8

					0

					0.33  

					0.67  

					1.33  

					2.33  

					2.67  

					0

					3

					250  

					10  

					10  

					10  

					10  

					10  

					1

					1

					2

					3

					0

					1

					2

					2

					2

					0

					0

					1

					3

					3

					0

					7

					500  

					13  

					23  

					27  

					0

					750  

					1000  

					Control  

					A

					Conclusion  

					100.00  

					80.00  

					60.00  

					40.00  

					20.00  

					0.00  

					The present study demonstrates that the chitosan obtained from meti  

					shell (Batissa violacea L.) waste possesses favorable physicochemical  

					characteristics—namely viscosity, molecular weight, solubility, and  

					degree of deacetylation (77.81%)—that reflect its potential as a high-  

					quality biopolymer for various applications. Structural and  

					compositional analyses were conducted using FTIR, SEM, XRD, and  

					elemental analysis. FTIR spectra confirmed the presence of functional  

					groups associated with chitosan, while XRD analysis indicated a semi-  

					crystalline nature. Elemental analysis revealed the presence of carbon,  

					nitrogen, and hydrogen in appropriate proportions. In addition, the  

					isolated chitosan exhibited antibacterial activity, showing a significant  

					zone of inhibition against Staphylococcus aureus (22 mm) and a  

					moderate effect against Pseudomonas aeruginosa. At varying dosages  

					(62.5-1000 ppm), the chitosan meti shell's ability to scavenge 1,1-  

					diphenyl-2-picrylhydrazyl (DPPH) radicals ranged from 48.85% to  

					82.65%. Based on the results of the brine shrimp lethality test, the  

					chitosan from meti shell was determined to be non-toxic with an LC50  

					of 3149.91 ppm (LC50 > 1000 ppm). This study effectively highlights  

					the unique properties of chitosan derived from meti shells, positioning  

					it as an enticing prospect for novel applications in nanotechnology and  

					medicine. The extraction and characterization methods are simple, cost-  

					effective, and scalable, offering potential for industrial-scale  

					production. Future research is recommended to evaluate the bioactivity  

					and biocompatibility of this chitosan in wound healing applications,  

					including its antimicrobial efficacy and healing acceleration potential.  

					Additionally, its film-forming ability and safety profile should be  

					explored for the development of edible films, particularly for use in  

					food packaging and preservation systems.  

					y = 0.0406x + 46.53  
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					Figure 5: Antioxidant activity of A) chitosan from meti shell  
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