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The Effect of Chitosan Solutions with Different Molecular Weights on the Shelf Life of Tilapia Fillets (Oreochromis niloticus)



ABSTRACT 

	Tilapia fillets are a food ingredient that is very easily damaged and has a very short shelf life due to the quality degradation process that occurs due to autolysis, enzymatic activity, fat oxidation, and microorganism activity. Chitosan is known to have good antibacterial properties because it contains lysozyme enzymes and aminopolysaccharide groups that can limit bacterial growth and inhibit bacterial efficiency. Chitosan has the potential to protect tilapia fillets as an edible coating. The antibacterial properties of chitosan depend on its characteristics, chitosan with a low molecular weight has better antibacterial properties because in its application as an edible coating, chitosan with a low molecular weight is able to penetrate meat tissue and has high antibacterial properties. This article aims to produce good chitosan characteristics (including: molecular weight, viscosity, degree of deacetylation, yield, and solubility) to improve its antibacterial ability, as well as to analyze the effect of adding chitosan with different characteristics as an edible coating in inhibiting the decline in the quality of tilapia fillets during storage based on pH value and weight loss, as well as total plate count (TPC) according to the Indonesian National Standard, namely 5 x 105 cfu/g.
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1. INTRODUCTION 






Tilapia (Oreochromis niloticus) is one of the freshwater fish commodities consumed in Indonesia that has high economic value (Solihah 2023). Tilapia as a food ingredient has a high nutritional content, namely protein (43.76%), fat (7.01%), and ash (6.80%) (Souhoka et al. 2019). One way to process tilapia currently is by making it into fillets. Fish fillets have the characteristics of being perishable food (Masengi et al. 2021). Fish meat has a very high water content (±80%) and is easily digested by autolysis enzymes, causing fish meat to be susceptible to rapid quality deterioration. (Lestari et al. 2020). The process of quality deterioration that occurs is caused by the activity of microorganisms, enzymes, and oxidation that occurs in the fish body (Adawyah 2007). 

Efforts to extend the shelf life of fish fillets include proper processing, storage, and packaging techniques. Packaging is one way to inhibit the process of protein denaturation in fish fillets and can prevent rancidity (Hakim et al. 2016). Edible coating is a commonly used and safe packaging method. Edible coating can extend the shelf life of food by preventing contamination from water and oxygen, and inhibiting the growth of microorganisms (Vatria et al. 2021). Chitosan is a natural polysaccharide that is non-toxic, biodegradable, and biocompatible. Chitosan is polycationic, thus offering potential and benefits in the food industry (One et al. 2025). 

The antimicrobial properties of chitosan against bacteria or microorganisms depend on its molecular weight and degree of deacetylation. A lower molecular weight and a higher degree of deacetylation indicate that microbial activity is increasingly inhibited (Killay 2013). Chitosan effectively kills Gram-negative bacteria by blocking the flow of nutrients, O₂, and water (Alhuur et al. 2020). Research by Lee et al. (2019) reported that tilapia fillets coated with low molecular weight chitosan (50 kDa) can maintain the fillet's pH value during storage. The antimicrobial properties of chitosan with a molecular weight of 55 kDa-155 kDa (low molecular weight) show antibacterial activity of more than 200 ppm against E. coli strains (Liu et al. 2006).

The process of shortening the molecular chain and reducing the molecular weight of chitosan can be carried out using the depolymerization method. The depolymerization method can reduce the molecular weight and shorten the molecular chain of chitosan by breaking the glycosidic bonds (Tanasale et al. 2016). Depolymerization produces chitosan with a shorter molecular chain, thus having potential as an antibacterial and antimicrobial agent (Nuryadin et al. 2020).

2. TILAPIA FILLET

Tilapia has excellent nutritional value, including being rich in omega-6 fatty acids and omega-3 fatty acids, higher than chicken or beef, and high levels of vitamins B3, B12, minerals (phosphorus, selenium, potassium), and niacin (Dailami et al. 2021). Fillets are a semi-finished product that can be used to fortify various processed products (Suryaningrum et al. 2012). 

Fish fillets quickly experience a decline in quality because fish have a high protein and fat content, so bacteria and enzymes are quickly activated in the fillets (Ridwan et al. 2015). This decline in quality is generally caused by autolysis, enzymatic activity, fat oxidation, and microorganism activity (Ramezani et al. 2014).

3. CHITOSAN

Chitosan is a polysaccharide derived from chitin, found in the shells of crustaceans. Chitosan's properties make it useful in various industrial fields, such as pharmaceuticals, health, and food (Damayanti et al. 2016). Chitosan has a β (1-4)-2-amino-2-deoxy-D-glucose polysaccharide chain (Hambali et al. 2017).

According to Yahya et al. (2015), chitosan has the ability to be used as an antibacterial agent, because it contains the enzyme lysozyme and aminopolysaccharide groups that are able to limit the development of bacteria and the efficiency of chitosan's inhibitory power against bacteria, because chitosan is bacteriostatic which is able to prevent bacterial cell metabolism and is able to prevent its growth. (Subuhi et al. 2023) Chitosan antimicrobial works by killing microorganisms or inhibiting their growth which can be applied to a food product in the form of an edible coating that is able to coat the outermost part of the food so that it is protected from microbes that might enter the food (Yusfiani et al. 2019)

4.CHITOSAN DEPOLYMERIZATION

Depolymerization of chitosan through the cleavage of glycosidic bonds produces oligochitosan, which is soluble in water (neutral pH) and has various applications (Sanria et al. 2017). The depolymerization process occurs after the cleavage of the β-glycosidic bond, resulting in a lower molecular weight than the chitosan before depolymerization. The reduced molecular weight of chitosan results in greater solubility (Agusnar and Ilyas 2022). The use of oligochitosan has increased significantly in various fields, especially in the pharmaceutical, health, and food industries.

According to Ardean et al. (2021), low-molecular-weight chitosan, ranging from 5 to 10 kDa, has stronger antibacterial, antifungal, and hypopolyemic properties. There are several methods for depolymerizing a polymer, including chemical, physical, and enzymatic methods.

4.1CHEMICAL DEPOLYMERIZATION

Chemical depolymerization can use a strong acid catalyst (H+) until a hydrolysis process occurs that will cut the chitosan polymer chain (Yulina et al. 2014). Chemical depolymerization of chitosan can be carried out using acids such as HCl, H2SO4, and CH3COOH, with the use of oxidants such as O3, NaNO2, and H2O2 (Tanasale et al. 2016). Chemical methods are commonly used and require a short time to produce oligochitosan. Chemical depolymerization causes depolymerization that is difficult to control and produces too many monomers and produces oligosaccharides with a low degree of polymerization (DP 2-5) which is due to low efficiency and cutting (Hasri 2010).


4.2PHYSICAL DEPOLYMERIZATION

Physical depolymerization of chitosan can be achieved using radiation (UV, γ), microwave ultrasound, and heat treatment. One physical method that has been tried is using microwave radiation with a microwave oven, which produces chitosan oligomers. Physical depolymerization requires specialized equipment and the resulting molecule size cannot be controlled (Lin et al. 2009). This physical method reduces the impact of pollution on the environment because it does not produce chemical residues. 

4.3ENZYME DEPOLYMERIZATION

Enzymatic depolymerization can be performed using enzymes, such as chitinase, chitosanase, glucanase, lipase, and several proteases. Some non-specific enzymes include lysozyme, cellulase, amylase, papain, and pectinase (Liu et al. 2006). Enzyme concentration and incubation time can affect the results of the depolymerization process (Fawzya et al. 2009). Enzymatic depolymerization of chitosan is effective because enzymes act specifically on reactive sites, breaking molecules into oligomers, or working from one end by sequentially releasing monomers or dimers (Almanza et al. 2019).

Enzymatic methods have the ability to control reactions and product formation through enzyme concentration, pH, temperature, and reaction time (Sinha et al. 2016). Research by Laokuldilok et al. (2017) used the papain enzyme depolymerization method with an enzyme concentration of 0.003% and a temperature of 40°C, and the best hydrolysis time of 16 hours to produce oligochitosan with a molecular weight of 4.3 kDa.

5. CHITOSAN AS AN EDIBLE COATING

Edible coating is an edible coating made from natural ingredients. Edible coating can replace plastic packaging because it is biodegradable and acts as a barrier to control moisture, oxygen, and fat. The material used must be able to retain oxygen and water vapor, be colorless, tasteless, not alter the properties of the food, and be safe for consumption (Ridwan et al. 2015). Environmentally friendly edible coatings are made from biodegradable materials that are abundant in nature (Ridwan et al. 2015). Chitosan is one material that can be used for edible coating (Swastawati et al. 2008).

5. CHARACTERISTICS OF CHITOSAN 

5.1 Chitosan Viscosity

Viscosity can be measured using an Ostwald viscometer. Measurements are made to measure the flow time of the chitosan solution (Suryani et al. 2023). Viscosity that is too high will affect the thickness of the chitosan produced (Siregar et al. 2016). The optimal viscosity value for edible coating applications is in the range of 113-225 cP, low viscosity facilitates dipping and drying speed during application (Anggraini et al. 2016) 

5.2 Molecular Weight of Chitosan

The molecular weight of chitosan is the sum of the atomic masses that make up its molecule (Hadi et al. 2024). This weight is expressed in Daltons (Da). Molecular weight (MW) can affect the antibacterial properties of chitosan. Chitosan with a lower molecular weight produces better antibacterial properties against E. Coli (gram-negative) than chitosan with a higher molecular weight (Liu et al. 2006). Other studies also stated that the antibacterial activity produced by chitosan against gram-negative bacteria was proven to be higher with decreasing molecular weight, degree of acetylation, and pH of chitosan (Younes et al. 2014). The molecular weight of chitosan also depends on the degradation that occurs during the deacetylation process (Rumengan et al. 2018). 

Based on its molecular weight, chitosan can be divided into three categories (Roman-Doval et al. 2023):
1) Low molecular weight chitosan with a molecular weight <150 kDa
2) Medium molecular weight chitosan, with a molecular weight between 150 kDa and 700 kDa
3) High molecular weight chitosan, with a molecular weight >700 kDa

5.3 Degree of Deacetylation

The degree of deacetylation is the percentage of acetyl groups that can be eliminated from chitin compounds to produce chitosan. A higher degree of deacetylation of chitosan results in a lower acetyl group content, resulting in stronger hydrogen bonding and ion interactions. Chitosan is positively charged due to the release of acetyl groups, allowing it to bind negatively charged compounds, such as proteins and polysaccharide anions, to form neutral ions (Setha et al. 2019). Mursida et al. (2018) stated that the deacetylation process aims to remove the acetyl group by breaking the covalent bond between the acetyl group and nitrogen in the acetamide group of chitin, resulting in a deacetylated amine group (-NH2). 

5.4 Yield

Yield is one of the parameters used as a quality indicator in a process. Yield is calculated based on the percentage of chitosan weight that has undergone a molecular chain shortening process divided by the weight of the initial raw chitosan material (Chamidah et al. 2019). A low yield content indicates that the deproteination, demineralization, and deacetylation processes are running optimally. Based on research by Mursida et al. (2018), a lower chitosan yield will produce better quality, because it is suspected that the demineralization, deproteination, and deacetylation processes are able to dissolve or remove minerals, proteins, and acetyl groups.

The percentage of chitosan yield will produce different yield calculation results due to particle size, reagents used, too high temperatures, and the type of raw material used is different species. Research by Ma'mun et al. (2016) reported that the yield of chitosan obtained from crab shells was less than the yield of chitosan derived from shrimp raw materials. This is because the mineral content contained in crab shells is 53.70% - 78.40%, this value is greater than the mineral content in shrimp shells as much as 45-50%. 

5.5 Solubility

Solubility is the maximum amount of a solute that can be dissolved in a particular solvent to form a homogeneous solution (Pari et al. 2022). Chitosan is insoluble in water with a neutral pH, but can dissolve in acidic solvents (Lodhi et al. 2014). Solubility can be used as a standard for assessing the quality of chitosan because solubility is the maximum quantity of a dissolved chemical substance that can dissolve in a particular solvent to form a homogeneous solution. The solubility of chitosan can be affected by the length of immersion in the NaOH solution and the concentration of the NaOH solvent used (Rochima 2007).

The solubility of chitosan is closely related to the degree of deacetylation, because the higher the degree of deacetylation, the more acetyl groups are converted into amine groups, thereby reducing the hydrogen bonds between the acetyl and hydroxyl groups (Trimulyadi 2013). The solubility of chitosan depends on the degree of deacetylation (DD) and molecular weight (BM). Chitosan with a DD value of >70% can be partially dissolved in neutral pH, while chitosan that can dissolve well in water has a degree of deacetylation of >85% (PachecoTorgal 2016).

6. APPLICATION OF CHITOSAN SOLUTION ON NILE FISH FILLETS

6.1 Total Plate Count (TPC)

Total plate count (TPC) is a method of calculating the total number of microbes present in meat using Plate Count Agar (PCA) media (Samudra et.al. 2016). The microbiological quality of a food ingredient is determined by the number of bacteria present in the food ingredient (Sufyan et al. 2014). 

The Total Plate Count (TPC) test is intended to indicate the number of microbes contained in a product by counting bacterial colonies grown on agar media. The principle of this method is that if living microbial cells are grown on agar media, the cells will reproduce and form colonies that can be seen directly without using a microscope. The method of planting the culture in a dish is done using the pour plate method. The results of the number of colonies counted are adjusted to the Standard Plate Count (SPC) (Fardiaz 2004). The total microbial (TPC) test uses the standard limit set by the Indonesian National Standard, namely 5 x 105 cfu/g (National Standardization Agency (BSN) 2015).

6.2 pH Value

The pH value is one indicator used to determine the freshness of fish. Changes in the pH of the meat play a significant role because they influence the autolysis process and bacterial attack. The use of low temperatures affects pH fluctuations in tilapia. Storing tilapia at low temperatures inhibits the activity of enzymes in the meat, resulting in slower quality deterioration. The lower the temperature, the slower the enzyme activity. Enzymes play a crucial role in the glycolysis process leading to the formation of lactic acid. This slows down the accumulation of lactic acid, thus slowing the decrease in the fish's pH. The process of protein breakdown into alkaline compounds by bacteria is also inhibited, resulting in a slower increase in the fish's pH (Munandar 2009).

pH testing on fillets is performed to determine the pH accumulation used to determine the extent of fillet quality during storage. The pH value is used to support other quality parameters (Baygar et al. 2008). Generally, the first chemical change in fish meat is a change in pH, but changes in fish pH values depend on the species, so pH values are not a definitive criterion for detecting the freshness and quality of fish meat and its processed products (Zega et al. 2017).

6.3 Weight Loss

Weight loss is an important indicator for evaluating fish quality because it can affect the sensory and economic value of the fish (Duan et al. 2010). Weight loss is caused by the water capacity of the meat being evaporated during storage, altering the nutritional and structural composition of the fish. Higher weight loss indicates that the fish fillet has lost essential components (Mohan et al. 2012).

Weight loss occurs after undergoing a specific process, such as cooling. Weight loss in fillets is generally caused by the loss of water content in the fish fillet itself during the cooling process. Weight loss during cooling can be caused by moisture in the material leaving the surface of the material and entering the surrounding air through the process of water vapor condensation (Zega et al. 2017). Weight loss is related to the water content in the material; the longer the storage period, the greater the weight loss of a material, resulting in the material's weight shrinking.

7. Conclusion

Tilapia is a freshwater fish commodity consumed in Indonesia that has economic value due to its high nutritional content. One way to process and market tilapia is by making it into fillets. Fish fillets have a weakness because they are easily spoiled. The high water content in fish makes them susceptible to rapid quality deterioration. The use of chitosan as an edible coating has the potential to protect fish fillets because chitosan has antibacterial properties. Chitosan's antibacterial properties work by killing or inhibiting the growth of microorganisms. Chitosan's antibacterial properties depend on its characteristics. Chitosan characteristics include viscosity, molecular weight, degree of deacetylation, yield, and solubility. The abilities that influence chitosan's ability are molecular weight and degree of deacetylation. Chitosan has a long chain so that it has relatively low solubility. Depolymerization is carried out to cut the chitosan chain with the aim of improving chitosan's performance and expanding its applications. Based on several studies, chitosan with a low molecular weight (<150 kDa) and a high degree of deacetylation has better inhibitory properties against microbial growth. Low molecular weight chitosan has higher antibacterial properties than high molecular weight chitosan. The application of chitosan to tilapia fillets can prevent quality deterioration that occurs in tilapia fillets during storage. Tilapia fillets will also be protected from deterioration in quality characteristics such as pH, weight loss, and total microbial count. 
References
1. Adawyah. 2007. Fish Processing and Preservation. Jakarta: Bumi Aksara.
2. Agusnar, H., and Ilyas, S. 2022. Provision of Oligomeric Chitosan from Square Rawan Bonds (Squilla mantis) as an Antimicrobial Effect. Abdimas Talenta. 7(1): 156-169
3. Alhuur, K. R. G., Juniardi, E. M., & Suradi, K. 2020. Effectiveness of chitosan as an edible coating for broiler chicken carcasses. Journal of Animal Product Technology. 1(1). pp. 17-24.
4. Almanza, E. A., Delgado, R. S., Galarza, Z. V., Hernandez, E. G., Cocoletzi, H. H. 2019. Enzymatic depolymerization of chitosan for the preparation of functional membranes. Journal of Chemistry. 1–8.
5. Anggarini D, Hidayat N, Mulyadi AF. 2016. Producing of cornstarch edible film and antibacterial activity test (the study of glycerol concentration and beluntas leaves extract (Pluchea indica L.). Journal of Agroindustry Technology and Management. 5(1):1-8.
6. Ardean, C., Davidescu, C. M., Nemeş, N. S., Negrea, A., Ciopec, M., Duteanu, N., Negrea, P., DudaSeiman, D., & Musta, V. 2021. Factors Influencing the Antibacterial Activity of Chitosan and Chitosan Modified by Functionalization. International Journal of Molecular Science, 22(14), 7449
7. Baygar T, Erkan S, Mol O, Ozden D, and Yildirim U. 2008. Determination of the shelf-life of trout (Oncorrhynchus mykiss) raw meatballs that are packed under modification atmosphere. Pakistan Journal of Nutrition. 7: 412-417.
8. Chamidah, A., Widiyanti, C.N., Febiyani, N.N. 2019. Utilization of water-soluble chitosan as an antiseptic hand sanitizer. Journal of Fisheries. 21(1): 9-16.
9. Dailami, M., Rahmawati, A., Saleky, D., and Toha, A.H.A. 2021. Tilapia. Brainy Bee.
10. Damayanti, W., Rochima, E., and Hasan, Z. 2016. Application of Chitosan as an Antibacterial in Pangasius Fillets During Low-Temperature Storage. JPHPI, 19(3).
11. Duan, J., Cherian, G. & Zhao, Y. 2010. Quality enhancement in fresh and frozen lingcod (Ophiodon elongates) fillets by employment of fish oil-incorporated chitosan Coating. Food Chemistry. 119: 524-532.
12. Fardiaz. 2004. Food Microbiology Analysis. Jakarta: PT. Raja Grafindo Persada.
13. Fawzya, Y. N., Pratitis, A., and Chasanah, E. 2009. Characterization of Chitosanase Enzyme from Bacterial Isolate Kpu 2123 and Its Application for Chitosan Oligomer Production. Journal of Postharvest and Marine and Fisheries Biotechnology. 4(1).
14. Hadi, P., Bahri, S., and Rasulu, H. 2024. Characterization of Chitosan from Sea Urchin Shells of Tripneustes gratilla with Deacetylation at Different NaOH Concentrations. Khairun Agricultural Journal. 1(1).
15. Hakim, M. L. A., Hartanto, R., and Nurhartadi, E. 2016. The Effect of Acid Use Effect of Acetate and Edible Coating of Garlic Extract on the Quality of Red Tilapia (Oreochromis niloticus) Fillets During Cold Storage. Journal of Agricultural Product Technology. 9(1).
16. Hambali, M. Wijaya, E. Reski, A. 2017. Production of Chitosan and Its Utilization as a Coagulation-Flocculation Agent. Journal of Chemical Engineering. 23(2): 104-113
17. Hasri, 2010. Prospects of Chitosan and Modified Chitosan as Promising Natural Biopolymers. Journal of Chemica. 11(2): 1-10
18. Killay, A. 2013. Chitosan as a Safe and Harmless Antibacterial in Food Ingredients (Review). Proceedings of the Faculty of Mathematics and Natural Sciences, Pattimura University 2013.
19. Laokuldilok T, Potivas T, Kanha N, Surawang S, Seesuriychan P, Wangtueai S, Phimolsiripol Y, Regenstein JM. 2017. Physicochemical, antioxidant, and antimicrobial properties of chitooligosaccharides produced using three different enzyme treatments. Food Bioscience. 18:28–33
20. Lee, J. S., Jahurul, M. H. A., Pua, V. C., Shapawi, R., and Chan, P. T. 2019. Effects of chitosan and ascorbic acid coating on the chilled tilapia fish (Oreochromis niloticus) fillet. Journal of Physics: Conference Series. 1358 (1):012009
21. Lestari, S., Baehaki, A., Rahmatullah, I. M. 2020. The Effect of Post-Mortem Conditions of Floundering Patin Fish (Pangasius djambal) Stored at Different Temperatures on Fillet Quality. Fishtech Journal. 9(1): 34-44
22. Lin, S., Lin, Y.C., and Chen, H. 2009. Low molecular weight chitosan prepared with the aid of cellulase, lysozyme, and chitinase: Characterization and antibacterial activity. Food Chemistry. 116: 47-53.
23. Liu, S., Li, K., Xing, R., Li, P. 2006. Advances in preparation, analysis, and biological activities of single chitooligosaccharide. Carbohydrate Polymers. 139: 178–190.
24. Lodhi, G., Yon-Suk Kim, Y. S., Hwang, J. W., Kim, S. K., Jeon, Y. J., Je, J. Y., Ahn, C. B., Moon, S. H., Jeon, B. T., and Park, P. J. 2014. Chitooligosaccharide and Its Derivatives: Preparation and Biological Applications. BioMed Research International. 2014(13)
25. Ma'mun, S., Theresa, M., and Alfimona, S. 2016. Use of chitosan membranes to reduce chrome metal levels in leather tanning industry waste. Technoin. 22(5), 367–371.
26. Masengi, S., Winda Sary, and Hotmauli Sipahutar, Y. 2021. The Effect of Mortality Mode and Quality Decline on Red Tilapia (Oreochromis niloticus) Fillets. Indonesian Journal of Fishery Product Processing, 24(2), 284–291.
27. Mohan, CO., Ravishankar, CN., Lalitha, KV. & Gopal, TK. 2012. Effect of chitosan coating on the quality of double-filleted Indian oil sardine (Sardinella longiceps) during chilled storage. Food Hydrocolloids. 26: 167–174.
28. Munandar, A., Nurjanah, and M. Nurilmala. 2009. Quality Decline of Tilapia (Oreochromis niloticus) During Low-Temperature Storage with Mortality Mode and Weeding Treatment. Indonesian Journal of Fishery Product Processing Technology. 11(2): 88-101.
29. Mursida, Tasir, Sahriawati. 2018. Effectiveness of alkali solution in the deacetylation process of various chitosan raw materials. Indonesian Journal of Fishery Product Processing. 21(2): 356-366.
30. Nuryadin, D. F. E., Iriani Setyaningsih, I., Hardiningtyas, S. D. 2020. Chitosan Depolymerization Using Ultraviolet Light and Hydrochloric Acid Catalyst. JPJPI. 23(3)
31. One, P., Lukum, A., Alio, L., Mohamad, E., and Sukanto, K., 2025. Preparation of Nano Chitosan by Ionic Gelation Method Using SEM (Scanning Electron Microscopy). Journal of Chemistry, Physics, and Biology Education. 1(4): 27-34.
32. Pacheco, T. F. 2016. Biopolymers and biotech admixtures for eco-efficient construction materials: introduction to biopolymers and biotech admixtures for eco-efficient construction materials. Biopolymer and Biotech admixtures for eco-efficient construction. 1-10
33. Pari, R. F., Dewi Mayangsari, D., Hardiningtyas, A. D. Depolymerization of Chitosan from Shrimp Shells with Papain Enzyme and Ultraviolet Light Irradiation. 2022. JPHPI. 25(1)
34. Ramezani, Z., Zarei, M., and Raminnejad N. 2014. Comparing the effectiveness of chitosan and nanochitosan coating on the quality of refrigerated silver carp fillets. Food Control.
35. Ridwan, I. M., Mus, S., & Karnila, R. 2015. The Effect of Edible Chitosan Coating on the Quality of Tilapia (Oreochromis Niloticus) Fillets Stored at Low Temperatures. Online Journal of Students of the Faculty of Fisheries and Marine Sciences, University of Riau.
36. Rochima, E. 2007. Characteristics of Chitin and Chitosan from Cirebon Crab Waste, West Java. Fishery Product Technology Bulletin. 10(1).
37. Roman-Doval, R., Torres-Arrelanes, S. P., Tenorio-Baraja, A. Y., Gómez-Sánchez, A., and Valencia-Lazcano, A. A. 2023. Chitosan: Properties and Its Application in Agriculture in the Context of Molecular Weight. Polymers. 15, 2867.
38. Rumengan, I. F. M., Suptijah, P., Salindeho, N., Wullur, S., and Luntungan, A. H. 2018. Nanochitosan from Fish Scales: Its Application as Fishery Product Packaging. Manado: Institute for Research and Community Service, Sam Ratulang University.
39. Samudra, I. W. G. A., Ariana, I. N. T., and Lindawati, S. A. 2016. Evaluation of Meat Shelf Life from Bali Cattle Grazed in the Landfill Area of ​​Pedungan Village, South Denpasar. Tropical Livestock. 4(3): 685-70.
40. Sanria, N., Uju, Suptijah P. 2017. Depolymerization of kappa carrageenan using peracetic acid. Indonesian Journal of Fishery Product Processing. 20(3): 524-535
41. Setha, B., Fitriani Rumata, F., Silaban, B. Br. 2019. Characteristics of Chitosan from Whitebait Shrimp Shell Using Different Temperatures and Times in the Deacetylation Process. JPHPI. 22(3)
42. Sinha S, Chand S, Tripathi P. 2016. Recent progress in chitosanase production of monomer-free chitooligosaccharides: bioprocess strategies and future applications. Applied Biochemistry and Biotechnology. 180(5):1–17
43. Siregar, E. C., Suryati, Hakim, L. 2016. Effect of Temperature and Reaction Time on Chitosan Production from Cuttlefish Bone (Sepia officinalis). Journal of Chemical Technology Unimal. 5(2).
44. Solihah, A. Q. A. 2023. Tilapia Quality with Natural Preservatives of Poslen Leaf Extract and Variations in Soaking Time. Biosense Journal, 6(1).
45. Souhoka, E., Smith, A., & Arini, I. 2019. Addition of Basil Leaf Extract and Soaking Time on the Quality and Shelf Life of Fresh Tilapia (O. niloticus). Journal of Educational and Applied Biology. 6(1): 7-11.
46. Subuhi, S., Naiu, A. S., and Mile, L. 2023. The Effect of Storage Time on the Acceptance Level and Moisture Content of Spanish Mackerel (Scomberomorus Commersonii) Fillets Packaged with Chitosan Edible Coating Enriched with Ginger Starch (Zingiber Officinalle). Journal of Food Technology and Nutrition, 22(1), 44–51.
47. Sufyan, A., Masdiana, C.h. P. Aris, S. W. 2014. Total Plate Count (TPC) and Enterobacter Test of Goat Meat from Markets in Malang. Brawijaya University.
48. Suryani, Abdullah, N. A., Akib, N. I., Ruslin, Ramadhan, L. O. A. N., Anton, Aswa, M. 2023. Optimization of Chitosan Depolymerization Using Acetic Acid with Variations in Temperature, Time, and Concentration. Jurnal Mandala Pharmacon Indonesia. 9(2).
49. Suryaningrum, D., Suryanti, and Muljanah. 2012. Making Patin Fish Fillets. Penebar Swadaya. Jakarta.
50. Swastawati, F., Wijayanti, I., and Susanto, E. 2008. Utilization of Shrimp Shell Waste as Edible Coating to Reduce Environmental Pollution. Jurnal Teknologi Lingkungan, 4(4).
51. Tanasale, M. F. J. D. P., Telussa, I., Sekewael, S.J., Kakerissa, L. 2016. Extraction and characterization of chitosan from tiger prawn (Penaeus monodon) shells and the chitosan depolymerization process with hydrogen peroxide based on heating temperature variations. Indonesian Journal of Chemical Research. 3(2): 308-316
52. Trimulyadi, G. 2013. Degree of Deacetylation and Solubility of Chitosan Derived from Irradiated Chitin. National Seminar on Chemistry and Education V. 476-482
53. Vatria, B., Primadini, V., and Novalina, K. 2021. Utilization of Shrimp Shell Waste as an Edible Chitosan Coating to Inhibit Quality Deterioration of Skinless Snapper Fillets. Manfish Journal, 1(3).
54. Yahya, K., Naiu, A. S., and Yusuf, N. 2015. Organoleptic Characteristics of Sticky Rice Dodol Packaged with Edible Coating from Crab Chitosan During Room Temperature Storage. Scientific Journal of Fisheries and Marine Sciences, 3(3), 111–117.
55. Younes, I., Sellimi, S., Rinaudo, M., Jellouli, K., Nasri, M. 2014. Influence of acetylation degree and molecular weight of homogeneous chitosans on antibacterial and antifungal activities. Int J Food Mikrobiol. 18(185): 57–63.
56. Yulina, R., Winiati, W., Kasipah, C., Septiani, W., Mulyawan, A. S., Wahyudi, T. 2014. The Effect of Chitosan Molecular Weight on Chitosan Fixation on Cotton Fabric as an Antibacterial. Textile Arena. 29 (2): 81-90
57. Yusfiani, M., Diana, A., and Ansari, A. 2019. Comparison of Artificial Chitosan from Shrimp Freezing Industry By-Products with Commercial Chitosan on Preserving the Freshness of Tilapia (Oreochromis niloticus). Journal of Tropical Agriculture, 6 (3), 375–382.
58. Zega, O., Baehaki, Herpandi. 2017. The Effect of Apu-apu (Pistia stratiotes) Extract on the Shelf Life of Patin Fish (Pangasius sp.) Fillets Stored at Cold Temperatures. Fishtech - Journal of Fisheries Product Technology. 6(1): 69-79







