BAB 5
PENUTUP

5.1 KESIMPULAN

Berdasarkan hasil penelitian yang telah dilakukan, dapat disimpulkan bahwa:

1. Kitosan berhasil diekstraksi dari cangkang lobster batu (Panulirus
penicillatus) melalui tahapan demineralisasi, deproteinasi, dan deasetilasi.
Variasi suhu deasetilasi mempengaruhi karakteristik kitosan, dimana suhu
80°C menghasilkan rendemen tertinggi (10,4%), sedangkan peningkatan suhu
hingga 100°C menurunkan rendemen menjadi 5,4% namun menghasilkan
kadar air dan kadar abu yang lebih rendah.

2. Analisis struktur kitosan menggunakan FTIR menunjukkan adanya gugus
fungsi khas kitosan seperti gugus hidroksil (O—H), gugus amina (N-H), serta
ikatan amida yang menandakan terbentuknya kitosan dari proses deasetilasi
kitin. Sementara itu, hasil analisis menggunakan SEM menunjukkan
morfologi permukaan kitosan yang tidak beraturan dan berpori. Variasi suhu
deasetilasi mempengaruhi karakteristik struktur dan morfologi permukaan
kitosan yang dihasilkan.

3. Kitosan yang dihasilkan menunjukkan aktivitas antibakteri terhadap bakteri
Escherichia coli dan Staphylococcus aureus. Aktivitas antibakteri tertinggi
diperoleh pada perlakuan suhu deasetilasi 100°C, dengan zona hambat
sebesar 11 mm terhadap E. coli dan 13,7 mm terhadap S. aureus serta nilai
MIC masing-masing sebesar 1% dan 0,5%. Hasil ini menunjukkan bahwa
peningkatan suhu deasetilasi cenderung meningkatkan aktivitas antibakteri

kitosan..

5.2. Saran

1. Penelitian selanjutnya disarankan untuk mengoptimalkan kondisi proses
deasetilasi guna meningkatkan derajat deasetilasi kitosan.

2. Analisis derajat deasetilasi dapat dilakukan menggunakan metode kuantitatif
yang lebih akurat, seperti titrasi atau spektroskopi NMR.

3. Pengembangan aplikasi kitosan sebagai agen antimikroba perlu diuji pada

lebih banyak jenis mikroorganisme dan kondisi aplikasi yang lebih luas.



DAFTAR PUSTAKA

Agustina, T., Putri, D. N., & Sari, D. P. 2015. Optimasi Proses Deasetilasi Kitin
dari Cangkang Udang Vannamei (Litopenaeus vannamei) menjadi Kitosan.
Jurnal Teknologi Hasil Perikanan, 4 (2), 112-120.

Ahmed, S., & Ikram, S. 2016. Chitosan & Its Derivatives: A Review In Recent
Innovations. International Journal of Pharmaceutical Sciences and

Research, 7(3), 953-959.

Ahmed, T. A., Aljacid, B. M., & El-Say, K. M. 2022. Chitosan-Based
Nanoparticles As Antibiotic Adjuvants: Revolutionizing The Fight Against
Microbial Resistance. Journal of Drug Delivery Science and Technology,
74, 103456.

Alawiyah, G., Rahayu, S., Kurniawidi, D., Handayana, 1., Cahyawati, T.,
Purnaning, D., & Amin, M. 2025. Isolation of Chitosan Biopolymer from
Nacre (Pinctada maxima) as Bone Scaffold Candidate. Indonesian Journal

of Pharmaceutical Science and Technology.
https://doi.org/10.24198/ijpst.v12i1.44794

Aldila, H., Swandi, M., & Dalimunthe, D. 2021. Synthesis and antibacterial
activity of chitosan membrane from shrimp shell waste. /JOP Conference

Series: FEarth and Environmental Science, 926.
https://doi.org/10.1088/1755-1315/926/1/012016

AOAC. 2016. Official Methods of Analysis of AOAC International (20th ed.).
Association of Official Analytical Chemists.

Arasukumar, B., Prabakaran, G., Gunalan, B., & Moovendhan, M. 2019.
Chemical composition, structural features, surface morphology and
bioactivities of chitosan derivatives from lobster (Thenus unimaculatus)
shells.. International journal of biological macromolecules, 135, 1237-

1245. https://doi.org/10.1016/].ijbiomac.2019.06.033

Arbia, W., Adour, L., Amrane, A., & Lounici, H. 2019. Optimization of
Medium Composition For Enhanced Chitin Extraction From Parapenaeus

Longirostris By Lactobacillus Helveticus Using Response Surface
Methodology. Food Hydrocolloids, 31(2), 368-376.

Ardianto, R., & Amalia, R. 2023. Optimasi Proses Deasetilasi Kitin menjadi
Kitosan dari Selongsong Maggot menggunakan RSM. METANA.
https://doi.org/10.14710/metana.v19i1.50480

Aziz, T., Ullah, A., Ali, A., Shabeer, M., & Khan, A. A. 2022. Bioconversion of
Shrimp Shell Waste Into Value-Added Products: A Review. Environmental
Science and Pollution Research, 29(22), 32471-32489.

BSN. 2006a. SNI 01-2891-1992: Cara Uji Kadar Abu. Badan Standardisasi
Nasional.

BSN. 2006b. SNI 01-2891-1992: Cara Uji Kadar Air. Badan Standardisasi
Nasional.



https://doi.org/10.24198/ijpst.v12i1.44794
https://doi.org/10.1088/1755-1315/926/1/012016
https://doi.org/10.1016/j.ijbiomac.2019.06.033
https://doi.org/10.14710/metana.v19i1.50480

Chan, N. 2025. Characteristics of carbon dots derived chitosan-based shrimp
shells deacetylated at different temperatures as a potential CO2
adsorbent. Materials Research Proceedings.
https://doi.org/10.21741/9781644903575-30

Chen, Y., Duan, Q., Yu, L., & Xie, F. 2021. Thermomechanically processed
chitosan:gelatin films being transparent, mechanically robust and less
hygroscopic.. Carbohydrate polymers, 272, 118522.
https://doi.org/10.1016/].carbpol.2021.118522

Chik, C., Kamaruzzan, A., Rahim, A., Lananan, F., Endut, A., Aslamyah, S., &
Kasan, N. 2022. Extraction and Characterization of Litopenaeus
vannamei’s Shell as Potential Sources of Chitosan Biopolymers. Journal of
Renewable Materials. https://doi.org/10.32604/jrm.2023.022755

Clark, M., Peck, L., Arivalagan, J., Backeljau, T., Berland, S., Cardoso, J.,
Caurcel, C., Chapelle, G., De Noia, M., Dupont, S., Gharbi, K., Hoffman, J.,
Last, K., Marie, A., Melzner, F., Michalek, K., Morris, J., Power, D.,
Ramesh, K., Sanders, T., Sillanpdé, K., Sleight, V., Stewart-Sinclair, P.,
Sundell, K., Telesca, L., Vendrami, D., Ventura, A., Wilding, T., Yarra, T.,
& Harper, E. 2020. Deciphering mollusc shell production: the roles of
genetic  mechanisms  through to  ecology, aquaculture and
biomimetics. Biological Reviews, 95. https://doi.org/10.1111/brv.12640

CLSI. 2020. Performance Standards For Antimicrobial Susceptibility Testing
(30th ed.). Clinical and Laboratory Standards Institute.

Darvishi, M., Miri, S., & Tavakoli, O. 2021. Advances in Chitosan-Based
Scaffolds For Bone Tissue Engineering: A  Comprehensive
Review. International Journal of Biological Macromolecules, 189, 159—
175.

Domszy, J. G., & Roberts, G. A. F. 1985. Evaluation of Infrared Spectroscopic
Techniques For Analysing Chitosan. Die Makromolekulare Chemie, 186(8),
1671-1677.

El Knidri, H., El Khalfaouy, R., Laajeb, A., Addaou, A., & Lahsini, A. 2018.
Eco-Friendly Extraction And Characterization of Chitin And Chitosan
From the Shrimp Shell Waste Via Microwave Irradiation. Process Safety
and Environmental Protection, 116, 543-551.

FAO. 2021. The State of World Fisheries And Aquaculture 2020: Sustainability
in Action. Food and Agriculture Organization of the United Nations.

FAO. 2022. The State of World Fisheries And Aquaculture 2022: Towards
Blue Transformation. Food and Agriculture Organization of the United
Nations.

Fatima, B. 2020. Quantitative Analysis by IR: Determination of Chitin/Chitosan
DD. . https://doi.org/10.5772/intechopen.89708

Fernandes, J. C., Eaton, P., Nascimento, H., Gido, M. S., Ramos, O. S., & Belo,
L. 2021. Antioxidant Activity of Chitin and Chitosan Evaluated By
Chemiluminescence. Carbohydrate Polymers, 83(3), 1096-1101.



https://doi.org/10.21741/9781644903575-30
https://doi.org/10.1016/j.carbpol.2021.118522
https://doi.org/10.32604/jrm.2023.022755
https://doi.org/10.1111/brv.12640
https://doi.org/10.5772/intechopen.89708

Grand View Research. 2023. Chitosan Market Size, Share & Trends Analysis
Report By Application (Water Treatment, Food & Beverage, Cosmetics,
Medical & Pharmaceuticals). Retrieved from
https://www.grandviewresearch.com.

Hafsa, J., Smach, M. A., Ben, K. M. R., Charfeddine, B., Limem, K., Majdoub,
H., & Rouatbi, S. 2021. Physical, Antioxidant and Antimicrobial Properties
of Chitosan Films Containing Eucalyptus Globulus Essential Oil. LWT -
Food Science and Technology, 129,

109569. https://doi.org/10.1016/].1wt.2020.109569

Hahn, T., Tafi, E., Von Seggern, N., Falabella, P., Salvia, R., Thom4, J., Febel,
E., Fijalkowska, M., Schmitt, E., Stegbauer, L., & Zibek, S. 202I.
Purification of Chitin from Pupal Exuviae of the Black Soldier Fly. Waste
and Biomass Valorization, 13, 1993 - 2008. https://doi.org/10.1007/s12649-
021-01645-1

Hajam, Y. A., Kumar, R., & Lee, J. 2023. Application of Chitosan-Based
Edible Coatings For Quality Preservation of Postharvest Fruits and
Vegetables: A Review. Carbohydrate Polymers, 299, 120158.

Hamed, 1., Ozogul, F., & Regenstein, J. M. 2020. Industrial Applications of
Crustacean By-Products (Chitin, Chitosan, and Chitooligosaccharides): A
Review. Trends in Food Science & Technology, 88, 328-341.

Hembach, L., Cord-Landwehr, S., & Moerschbacher, B. M. 2023. Enzymatic
Production of Chitooligosaccharides And Their Potential Applications In
Medicine And Agriculture. Marine Drugs, 21(2), 89.

Hasriani, Olii AT, NajibA. The effect of temperature variations on the
deacetylation process ofchitosan characteristics from mud crab (Scylla
serrata) shell waste. Universal Journal of Pharmaceutical Research 2024;
9(4): 28-31.
https://ujpronline.com/index.php/journal/article/view/1151/1663

Holthuis, L. B. 1991. Marine Lobsters of the World: An Annotated and

[ustrated Catalogue of Species of Interest To Fisheries Known To Date.
FAO Species Catalogue, Vol. 13.

Hosney, A., Urbonavi¢ius, M., Varnagiris, S., Ignatjev, 1., Ullah, S., &
Barcauskaite, K. 2024. Feasibility study on optimizing chitosan extraction
and  characterization = from  shrimp  biowaste  via  acidic
demineralization. Biomass Conversion and Biorefinery, 15, 12673 - 12687.
https://doi.org/10.1007/s13399-024-06017-y

Ismail, R., Fitriyana, D., Bayuseno, A. J., Yoga, P. P., Muhamadin, R., Nugraha,
F. R., Setiyawan, A., Bahatmaka, A., Firmansyah, H., Anis, S., [rawan, A.,
Siregar, J., & Cionita, T. 2023. Investigating the Effect of Deacetylation
Temperature on the Characterization of Chitosan from Crab Shells as a
Candidate for Organic Nanofluids. Journal of Advanced Research in Fluid
Mechanics and Thermal Sciences.
https://doi.org/10.37934/arfmts.103.2.5567



https://www.grandviewresearch.com.
https://doi.org/10.1016/j.lwt.2020.109569
https://doi.org/10.1007/s12649-021-01645-1
https://doi.org/10.1007/s12649-021-01645-1
https://ujpronline.com/index.php/journal/article/view/1151/1663
https://doi.org/10.1007/s13399-024-06017-y
https://doi.org/10.37934/arfmts.103.2.5567

Joubert, A. R.,, & de Clercq, W. P. 2020. Blue Economy and Waste
Valorization: A Review of Sustainable Practices In Fisheries. Journal of
Cleaner Production, 256, 120435.

Kaya, M., Mujtaba, M., Ehrlich, H., Salaberria, A. M., Baran, T., Amemiya, C.
T., & Labidi, J. 2017. On Chemistry Of y-Chitin. Carbohydrate Polymers,
176, 177-186.

Kaya, M., Sofi, K., Sargin, [, & Mujtaba, M. 2022. Changes In
Physicochemical Properties of Chitin At Developmental Stages of Insects.
International Journal of Biological Macromolecules, 104, 1412-1419.

KKP. 2023. Statistik Ekspor Perikanan Indonesia Tahun 2022. Kementerian
Kelautan dan Perikanan Republik Indonesia.

Kou, S. G., Peters, L., & Mucalo, M. 2021. Chitosan: A Review of Molecular
Structure, Bioactivities and Interactions With the Human Body and Micro-
Organisms. Carbohydrate Polymers, 267, 118132.

Kou, S., Peters, L., & Mucalo, M. 2022. Chitosan: A review of molecular
structure, bioactivities and interactions with the human body and micro-

organisms.. Carbohydrate polymers, 282, 119132
https://doi.org/10.1016/j.carbpol.2022.119132

Kumari, S., Annamareddy, S. H. K., Abanti, S., & Rath, P. K. 2017.
Physicochemical Properties and Characterization of Chitosan Synthesized
From Fish Scales, Crab and Shrimp Shells. International Journal of
Biological Macromolecules, 104, 1697-1705.

Kumari, S., Kishor, R., & Kumar, A. 2020. Chitin and Chitosan: Origin,
Properties, and Applications. In Handbook of Chitin and Chitosan (pp. 1-
33). Elsevier.

Kumari, S., Kumar, A., & Kishor, R. 2022. Chitin and Chitosan: Sustainable,
Biologically-Based Materials or Diverse Applications. Global Challenges,
6(5), 2100087.

Leén-Madrazo, A., Segura-Ceniseros, I., Martinez-Ruiz, M., Guzman-Gonzalez,
C. A., & Pérez, E. 2023. Chitosan-Based Nanomaterials For Antimicrobial
Applications: Recent Advances and Future Perspectives. Carbohydrate
Polymers, 120984.

Lertworapreecha, M., Supapvanich, C., & Yupanqui, C. T. 2013.
Physicochemical Properties and Antioxidant Activity of Chitin and
Chitosan From Squilla (Oratosquilla nepa). International Journal of
Biological Macromolecules, 52, 63-69.

Liaqat, F., & Eltem, R. 2018. Chitooligosaccharides and Their Biological
Activities: A Comprehensive Review. Carbohydrate Polymers, 184, 243—
259. https://doi.org/10.1016/j.carbpol.2017.12.067

Liu, S., Sun, J., Yu, L., Zhang, C., Bi, J., Zhu, F., & Yang, Q. 2006. Extraction
and Characterization of Chitin From the Beetle Holotrichia Parallela.
Carbohydrate Polymers, 64(2), 211-217.



https://doi.org/10.1016/j.carbpol.2022.119132
https://doi.org/10.1016/j.carbpol.2017.12.067

Matica, M. A., Aachmann, F. L., Tendervik, A., Sletta, H., & Ostafe, V. 2019.
Chitosan As a Wound Dressing Starting Material: Antimicrobial Properties
and Mode of Action. International Journal of Molecular Sciences, 20(23),
5889.

Mercimek Takei, H. A., Matyar, F., Yilmaz, F., Guzeldag, G. 2022.
Antibacterial Activity and Characterization of Water-Soluble Chitosan

Compounds Produced from Enzymatic Deacetylation. Acta Aquatica
Turcica, 18(4), 451-460. https://doi.org/10.22392/actaquatr.107443

Mohamed, N. A., & El-Ghany, N. A. A. 2022. Recent Advances in Chitosan-
Based Materials: A Comprehensive Review. International Journal of
Biological Macromolecules, 220, 135-152.

Mohammed, M. A., Syeda, J. T. M., Wasan, K. M., & Wasan, E. K. 2023. An
Overview of Chitosan Nanoparticles and Its Application in Non-Parenteral
Drug Delivery. Pharmaceutics, 9(4), 677.

Mujtaba, M., Morsi, R. E., Kerch, G., Elsabee, M. Z., Kaya, M., Labidi, J., &
Khawar, K. M. 2019. Current Advancements in Chitosan-Based Film
Production For Food Technology: A Review. International Journal of
Biological Macromolecules, 121, 889-904.

Mursal, 1., Farhamzah, F., Selistiawati, A., Meli, D., Chaerani, N., Muyasyar,
N., Latipah, T., & Vidia, V. 2022. Uji Kualitas Kitosan dari Limbah Tulang
Sotong dengan Variasi Suhu Deasetilasi. Jurnal Buana Farma.
https://doi.org/10.36805/jbf.v2i2.395

Muthu, M., Gopal, J., Chun, S., Devadoss, A. J. P., Hasan, N., & Sivanesan, I.
2021. Crustacean Waste-Derived Chitosan: Antioxidant Properties and
Future Perspective. Antioxidants (Basel, Switzerland), 10(2), 228.
https://doi.org/10.3390/antiox 10020228

Nadia, L., Huli, L., Effendy, W., Rieuwpassa, F., Imra, 1., Nurhikma, N., &
Cahyono, E. 2022. Aktivitas Antibakteri Kitosan dari Tulang Rawan Cumi-

Cumi (Loligo sp.) Terhadap Bakteri Staphylococcus aureus dan Escherichia
coli. Jurnal FishtecH. https://doi.org/10.36706/fishtech.v10i2.14386

Narudin, N., Rosman, N., Shahrin, E., Sofyan, N., Mahadi, A., Kusrini, E.,
Hobley, J., & Usman, A. 2022. Extraction, characterization, and kinetics of

N-deacetylation of chitin obtained from mud crab shells. Polymers and
Polymer Composites, 30. https://doi.org/10.1177/09673911221109611

Nasaj, M., Chehelgerdi, M., Asghari, B., Ahmadieh-Yazdi, A., Asgari, M.,
Kabiri-Samani, S., Sharifi, E., & Arabestani, M. 2024. Factors influencing
the antimicrobial mechanism of chitosan action and its derivatives: A

review.. International journal of biological macromolecules, 134321 .
https://doi.org/10.1016/j.ijbiomac.2024.134321

Nguyen, T. T., Barber, A. R., Corbin, K., & Zhang, W. 2023. Crustacean
Waste-Derived Chitosan: Advanced Extraction Methods and Applications.
Marine Drugs, 21(2), 89.



https://doi.org/10.22392/actaquatr.107443
https://doi.org/10.36805/jbf.v2i2.395
https://doi.org/10.3390/antiox10020228
https://doi.org/10.36706/fishtech.v10i2.14386
https://doi.org/10.1177/09673911221109611
https://doi.org/10.1016/j.ijbiomac.2024.134321

Novikov, V., Derkach, S., Konovalova, 1., Dolgopyatova, N., & Kuchina, Y.
2023. Mechanism of Heterogeneous Alkaline Deacetylation of Chitin: A
Review. Polymers, 15. https://doi.org/10.3390/polym 15071729

Pandey, A. R., Singh, U. S., Momin, M., & Bhavsar, C. 2022. Chitosan:
Application in tissue engineering and skin regeneration. Journal of Oral
Biology and Craniofacial Research, 7(4), 330-332.

Pereira, S., Costa-Ribeiro, A., Teixeira, P., Rodriguez-Lorenzo, L., Prado, M.,
Cerqueira, M., & Garrido-Maestu, A. 2023. Evaluation of the Antimicrobial
Activity of Chitosan Nanoparticles against Listeria
monocytogenes. Polymers, 15. https://doi.org/10.3390/polym 15183759

Periyannan, K., Selvaraj, H., Subbu, B., Pallikondaperumal, M., Karuppiah, P.,
Rajabathar, J., Al-Lohedan, H., & Thangarasu, S. 2023. Green fabrication
of chitosan from marine crustaceans and mushroom waste: Toward
sustainable resource utilization. Green Processing and Synthesis, 12.
https://doi.org/10.1515/gps-2023-0093

Raabe, D., Al-Sawalmih, A., & Romano, P. 2019. Preferred Crystallographic
Texture of Chitin—Protein Biocomposites in the Exoskeleton of the Lobster
Homarus Americanus. Acta Biomaterialia, 5(6), 1991-2001.

Ramadhan, K., Nurdin, H., & Suhartono, E. 2010. Isolasi dan Karakterisasi
Kitin serta Kitosan dari Cangkang Kepiting Bakau (Scylla serrata). Jurnal
Kimia Valensi, 2(2), 95-102.

Rosalina, D., & Wijayanti, W. 2025. Optimization of Chitosan Production from
Mangrove Crab Shell Waste Using Response Surface Methodology
(RSM ). 7(1), 19-31.

Roy, S., Rhim, J.-W., & Jaiswal, L. 2021. Recent Advances in Chitosan-Based
Intelligent Packaging for Monitoring Food Freshness. Carbohydrate
Polymers, 272, 118454.

Sampathkumar, K., Aranganathan, A., & Panneerselvam, T. 2023. Chitosan-
Based Thermoresponsive Hydrogels for Controlled Drug Delivery in
Cancer Therapy. Journal of Controlled Release, 354, 503-518.

Smith, J., Brown, A., & Davis, C. 2023. Economic Benefits of Lobster Waste
Valorization in Coastal Communities. Marine Policy, 147, 1053809.

Sobral, P., Gebremariam, G., Drudi, F., De Aguiar Saldanha Pinheiro, A.,
Romani, S., Rocculi, P., & Rosa, D. 2022. Rheological and Viscoelastic

Properties of Chitosan Solutions Prepared with Different Chitosan or Acetic
Acid Concentrations. Foods, 11. https://doi.org/10.3390/foods11172692

Sudirman, S., Kusumawaty, I, & Yunus, M. 2020. Metode Penelitian
Kuantitatif Deskriptif. Jurnal llmiah Pendidikan, 5(2), 45-56.

Sugita, P., Zahiruddin, W. M., & Suryanto, E. 2009. Pembuatan Kitosan dari
Cangkang Udang Windu (Penaeus monodon) dengan Variasi Konsentrasi
NaOH. Jurnal Teknologi Kimia dan Industri, 8(2), 112-118.



https://doi.org/10.3390/polym15071729
https://doi.org/10.3390/polym15183759
https://doi.org/10.1515/gps-2023-0093
https://doi.org/10.3390/foods11172692

Sun, X., Wan, Y., Liu, W., & Wei, C. (2023). Effects of different extraction
methods on volatile profiles of flaxseed oils.. Journal of food science.
https://doi.org/10.1111/1750-3841.16787

Suryanto, E., Wibowo, B. A., & Radjasa, O. K. 2020. Biodiversity and
Distribution of Spiny Lobsters (Panulirus sp.) in Indonesian Waters.
Biodiversitas, 21(5), 1923-1932.

Tamer, T., Tantawi, M., Brussevich, A., Nebalueva, A., Novikov, A., Ivan, M.,
Abu-Serie, M., Hassan, M., Ulasevich, S., & Skorb, E. 2023.
Functionalization of chitosan with poly aromatic hydroxyl molecules for
improving its antibacterial and antioxidant properties: Practical and
theoretical studies. International journal of biological macromolecules,

123687 . https://doi.org/10.1016/j.ijbiomac.2023.123687

Thakhiew, W., Devahastin, S., & Soponronnarit, S. 2022. Enhanced Adsorption
of Methylene Blue By Chemically Modified Chitosan Beads:
Characterization, Kinetics, and Adsorption Isotherms. Polymer Bulletin,

79(8), 5893-5911.

UNEP. 2021. Blue economy: Sustainable use of ocean resources for economic
growth. United Nations Environment Programme.

Vallejo-Dominguez, D., Rubio-Rosas, E., Aguila—Almanza, E., Hernandez-
Cocoletzi, H., Ramos-Cassellis, M., Luna-Guevara, M., Rambabu, K.,
Manickam, S., Munawaroh, H., & Show, P. 2020. Ultrasound in the
deproteinization process for chitin and chitosan production. Ultrasonics
Sonochemistry, 72. https://doi.org/10.1016/j.ultsonch.2020.105417

Vancelos, A. D., & Silva, M. P. 2022. Novel Chitosan-Based Hydrogel for
Wound Healing Applications: /n vitro and in vivo Evaluation. International

Journal of Biological Macromolecules, 220, 135-
142. https://doi.org/10.1016/j.ijbiomac.2022.08.123

Vinolia. 2024. Ekspor Terhenti, Pemprov Sumbar Diharapkan Segera
Budidayakan Lobster Laut. Mongabay. Diambil dari
https://mongabay.co.1d/2024/01/29/ekspor-terhenti-pemprov-sumbar-
diharapkan-segera-budidayakan-lobster-laut/ Diakses pada tanggal 6
September 2025.

Wahyuni, S., Fitri, A. D., & Pratiwi, R. 2021. Potensi Limbah Cangkang
Lobster sebagai Bahan Baku Kitosan: Kajian Pustaka. Jurnal Ilmu dan
Teknologi Kelautan Tropis, 13(1), 45-56.

Wang, M., Bi, S., Qin, D., Su, C., Wang, H., & Chen, X. 2021. Quantitative
evaluation of the antibacterial effectiveness and efficiency of chitosan

considering the effect of neutralization. Carbohydrate polymers, 265,
117918 . https://doi.org/10.1016/j.carbpol.2021.117918

Wardana, 1. K., Saputra, R. A., & Putra, I. N. K. 2021. Chemical Composition
and Potential Utilization of Lobster Shell Waste (Panulirus spp.) From
Indonesian Fisheries. Marine Pollution Bulletin, 174, 113-122.

Wardhono, E., Pinem, M., Kustiningsih, 1., Effendy, M., Clausse, D., Saleh, K.,
& Guénin, E. 2021. Heterogeneous deacetylation reaction of chitin under



https://doi.org/10.1111/1750-3841.16787
https://doi.org/10.1016/j.ijbiomac.2023.123687
https://doi.org/10.1016/j.ultsonch.2020.105417
https://doi.org/10.1016/j.ijbiomac.2022.08.123
https://mongabay.co.id/2024/01/29/ekspor-terhenti-pemprov-sumbar-diharapkan-segera-budidayakan-lobster-laut/
https://mongabay.co.id/2024/01/29/ekspor-terhenti-pemprov-sumbar-diharapkan-segera-budidayakan-lobster-laut/
https://doi.org/10.1016/j.carbpol.2021.117918

low-frequency ultrasonic irradiation.. Carbohydrate polymers, 267, 118180 .
https://doi.org/10.1016/].carbpol.2021.118180

WHO. 2021. Global Action Plan on Antimicrobial Resistance. World Health
Organization.

Widiastuti, I., Hariyadi, P., & Nurjanah, S. 2020. Karakterisasi Kitosan dari
Cangkang Rajungan (Portunus pelagicus) dengan Variasi Konsentrasi
NaOH. Jurnal Pengolahan Hasil Perikanan Indonesia, 23(2), 234-243.

Witriansyah, A. 2018. Ekstraksi Kitin dan Kitosan dari cangkang udang
vannamei (Litopenaeus vannamei) dengan Variasi Konsentrasi NaOH
[Skripsi]. Universitas Bung Hatta.

Xue, G., Ke, L., Liao, H., Chen, C., & Zhu, H. 2020. Effect of SiC particle size
on densification behavior and mechanical properties of SiCp/AlSil0Mg
composites fabricated by laser powder bed fusion. Journal of Alloys and
Compounds, 845, 156260. https://doi.org/10.1016/].jallcom.2020.156260

Yadav, M., Goswami, P., Parveen, S., & Bhati, P. 2022. Chitosan-Based
Nanomaterials in Plant Growth and Protection. Frontiers in Microbiology,
13, 976852.

Younes, 1., & Rinaudo, M. 2015. Chitin and Chitosan Preparation From Marine
Sources. Structure, Properties and Applications. Marine Drugs, 13 (3),
1133-1174.

Younes, I., & Rinaudo, M. 2019. Chitin and chitosan: Major Sources,
Properties and Applications. In Handbook of Marine Biotechnology (pp. 1-
25). Springer.

Zahiruddin, W. M., Sugita, P., & Suryanto, E. 2008. Pengaruh Suhu dan Waktu
Deasetilasi terhadap Derajat Deasetilasi Kitosan dari Cangkang Udang

Windu (Penaeus monodon). Jurnal Teknologi Kimia dan Industri, 7(3), 89-
95.

Zamri, A., Latiff, N., Abdullah, Q., & Ahmad, F. 2020. Extraction and
optimization of chitosan from razor clam (Ensis arcuatus) shells by using
response surface methodology (RSM). Journal of Food Science, 4, 674-678.
https://doi.org/10.26656/1r.2017.4(3).308

Zhang, Z., Song, L., & Farag, M. 2023. Maximizing crustaceans (shrimp, crab,
and lobster) by-products value for optimum valorization practices: A
comparative review of their active ingredients, extraction, bioprocesses and
applications. Journal of Advanced Research, 57, 59 - 76.
https://doi.org/10.1016/].jare.2023.11.002

Zhang, K., Tran, 1., & Tan, S. 2023. Characterization of Particle-Size-Based
Homogeneity and Mycotoxin Distribution Using Laser Diffraction Particle
Size Analysis. Toxins, 15. https://doi.org/10.3390/toxins15070450



https://doi.org/10.1016/j.carbpol.2021.118180
https://doi.org/10.1016/j.jallcom.2020.156260
https://doi.org/10.26656/fr.2017.4(3).308
https://doi.org/10.1016/j.jare.2023.11.002
https://doi.org/10.3390/toxins15070450

