BioprospEklsi Aktinomisetes Laut Penghasil Enzim Karagenase untuk Pengembangan Produk
Nutrasetikal
Asriani Usman, Dr. Niken Satuti Nur Handayani, M.Sc ; Dr. Eng. Nanik Rahmani

Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

DAFTAR PUSTAKA

Al-Agamy, M. H., Alhuzani, M. R., Kelany, M. S., and Hamed, M. M. 2021.
Production and partial characterization of a -Amylase enzyme from marine
Actinomycetes. BioMed Research International, 1D52898, 1-15.
https://doi.org/10.1155/2021/5289848

Araki, T., Higashimoto, Y., and Morishita, T. 1999. Purification and
characterization of k-carrageenase from a marine bacterium, Vibrio sp. CA-
1004. Fisheries Science, 65(6): 937-942.

Arbi, U. Y. 2016. Populasi dan sebaran jenis moluska dilindungi di perairan Selat
Lembeh, Kota Bitung, Sulawesi Utara. Journal of Tropical Biodiversity and
Biotechnology, 1(2): 31-37. www.jtbb.or.id

Barbeyron, T., Michel, G., Potin, P., Henrissat, B., and Kloareg, B. 2000. 1-
Carrageenases constitute a novel family of glycoside hydrolases, unrelated
to that of k-carrageenases. Journal of Biological Chemistry, 275(45):
35499-35505. https://doi.org/10.1074/jbc.M003404200

Barka, E. A., Vatsa, P., Sanchez, L., Gaveau-Vaillant, N., Jacquard, C., Meier-
Kolthoff, J. P., Klenk, H.-P., Clément, C., Ouhdouch, Y., and van Wezel, G.
P. 2016. Correction for Barka et al., Taxonomy, Physiology, and Natural
Products of Actinobacteria. Microbiology and Molecular Biology Reviews,
80(4). https://doi.org/10.1128/mmbr.00044-16

Bayu, A., and Handayani, T. 2018. High-value chemicals from marine macroalgae:
Opportunities and challenges for marine-based bioenergy development. IOP
Conference Series: Earth and Environmental Science, 209(012048): 1-13.
https://doi.org/10.1088/1755-1315/209/1/012046

Benhadj, M., Gacemi-Kirane, D., Menasria, T., Guebla, K., and Ahmane, Z. 2019.
Screening of rare actinomycetes isolated from natural wetland ecosystem
(Fetzara Lake, northeastern Algeria) for hydrolytic enzymes and
antimicrobial activities. Journal of King Saud University - Science, 31(4):
706-712. https://doi.org/10.1016/j.jksus.2018.03.008

Bharathiraja, S., Suriya, J., Krishnan, M., Manivasagan, P., and Kim, S. K. 2017.
Production of enzymes from agricultural wastes and their potential
industrial applications. applications. In Advances in Food and Nutrition
Research, 1(80): 125-148). Elsevier Inc.
https://doi.org/10.1016/bs.afnr.2016.11.003

Calvo, G. H., Cosenza, V. A., Séaenz, D. A., Navarro, D. A, Stortz, C. A., Céspedes,

M. A., Mamone, L. A., Casas, A. G., and Di Venosa, G. M. 20109.
Disaccharides obtained from carrageenans as potential antitumor agents.

66



BioprospEklsi Aktinomisetes Laut Penghasil Enzim Karagenase untuk Pengembangan Produk
Nutrasetikal
Asriani Usman, Dr. Niken Satuti Nur Handayani, M.Sc ; Dr. Eng. Nanik Rahmani

Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Scientific Reports, 9(1): 1-13. https://doi.org/10.1038/541598-019-43238-y

Campo, V. L., Kawano, D. F., Silva, D. B. da, and Carvalho, I. 2009. Carrageenans:
Biological properties, chemical modifications and structural analysis - A
review. Carbohydrate Polymers, 77(2): 167-180.
https://doi.org/10.1016/j.carbpol.2009.01.020

Chakraborty, B., Kumar, R. S., Almansour, A. I., Gunasekaran, P., and Nayaka, S.
2022. Bioprospection and secondary metabolites profiling of marine
Streptomyces levis strain KS46. Saudi Journal of Biological Sciences, 29(2):
667—-679. https://doi.org/10.1016/j.sjbs.2021.11.055

Charoensiddhi, S., Conlon, M. A., Franco, C. M. M., and Zhang, W. 2017. The
development of seaweed-derived bioactive compounds for use as prebiotics
and nutraceuticals using enzyme technologies. Trends in Food Science and
Technology, 70: 20-33. https://doi.org/10.1016/j.tifs.2017.10.002

Chauhan, P. S., and Saxena, A. 2016. Bacterial carrageenases: an overview of
production and biotechnological applications. 3 Biotech, 6(2): 1-18.
https://doi.org/10.1007/s13205-016-0461-3

Dilip, C. V, S, M. S., and Chavan, D. V. 2013. a Review on Actinomycetes and
Their  Biotechnological ~ Application. International  Journal  of
Pharmaceutical Sciences and Research, 4(5): 1730. www.ijpsr.com

Duan, F., Yu, Y., Liu, Z., Tian, L., and Mou, H. 2016. An effective method for the
preparation of carrageenan oligosaccharides directly from Eucheuma
cottonii using cellulase and recombinant k-carrageenase. Algal Research,
15: 93-99. https://doi.org/10.1016/j.algal.2016.02.006

Embley, T. M. 1994. The molecular phylogeny and systematics of the
Actinomycetes. Annual Review of Microbiology, 48(1): 257-289.
https://doi.org/10.1146/annurev.micro.48.1.257

Fujinami, S., and Fujisawa, M. 2010. Industrial applications of alkaliphiles and their
enzymes - Past, present and future. Environmental Technology, 31(8-9):
845-856. https://doi.org/10.1080/09593331003762807

Ghanbarzadeh, M., Golmoradizadeh, A., and Homaei, A. 2018. Carrageenans and
carrageenases: versatile polysaccharides and promising marine enzymes.
Phytochemistry Reviews, 17(3), 535-571. https://doi.org/10.1007/s11101-
018-9548-2

Gui, Y., Gu, X., Fu, L., Zhang, Q., Zhang, P., and Li, J. 2021. Expression and
characterization of a thermostable carrageenase from an Antarctic
Polaribacter sp. NJDZ03 strain. Frontiers in Microbiology, 12(March): 1



BioprospEklsi Aktinomisetes Laut Penghasil Enzim Karagenase untuk Pengembangan Produk
Nutrasetikal
Asriani Usman, Dr. Niken Satuti Nur Handayani, M.Sc ; Dr. Eng. Nanik Rahmani

Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

11. https://doi.org/10.3389/fmich.2021.631039

Guibet, M., Colin, S., Barbeyron, T., Genicot, S., Kloareg, B., Michel, G., and
Helbert, W. 2007. Degradation of A-carrageenan by Pseudoalteromonas
carrageenovora A-carrageenase: a new family of glycoside hydrolases
unrelated to k- and 1-carrageenases . Biochemical Journal, 404(1): 105-114.
https://doi.org/10.1042//bj20061359

Guo, J., Zhang, L., Lu, X., Zeng, S., Zhang, Y., Xu, H., and Zheng, B. 2016.
Medium optimization and fermentation kinetics for «-carrageenase
production by Thalassospira sp. Fjfst-332. Molecules, 21(11):
https://doi.org/10.3390/molecules21111479

Guo, J., Zheng, Z., Lu, X., Zeng, S., Chen, C., Zhang, L., and Zheng, B. 2018.
Purification and characterisation of «-carrageenan oligosaccharides
prepared by k-carrageenase from Thalassospira sp. Fjfst-332. Carbohydrate
Polymers, 180(August 2017): 314-327.
https://doi.org/10.1016/j.carbpol.2017.10.043

Guo, Z., Wei, Y., Zhang, Y., Xu, Y., Zheng, L., Zhu, B., and Yao, Z. 2022.
Carrageenan oligosaccharides: A comprehensive review of preparation,
isolation, purification, structure, biological activities and applications. Algal
Research, 61(December 2021) 102593: 1-14.
https://doi.org/10.1016/j.algal.2021.102593

Howlader, M. M., Molz, J., Sachse, N., and Tuvikene, R. 2021. Optimization of
fermentation conditions for carrageenase production by Cellulophaga
species: A comparative  study. Biology, 10(10):  1-14.
https://doi.org/10.3390/biology10100971

Jagtap, A. S., and Manohar, C. S. 2021. Overview on microbial enzymatic
production of algal oligosaccharides for nutraceutical applications. Marine
Biotechnology, 23(2): 159-176. https://doi.org/10.1007/s10126-021-10027-
6

Jouanneau, D., Boulenguer, P., Mazoyer, J., and Helbert, W. 2010. Enzymatic
degradation of hybrid 1-/v-carrageenan by Alteromonas fortis 1-
carrageenase. Carbohydrate Research, 345(7): 934-940.
https://doi.org/10.1016/j.carres.2010.02.014

Kalitnik, A. A., Byankina Barabanova, A. O., Nagorskaya, V. P., Reunov, A. V.,
Glazunov, V. P., Solov’eva, T. F., and Yermak, I. M. 2013. Low molecular
weight derivatives of different carrageenan types and their antiviral activity.
Journal of Applied Phycology, 25(1): 65-72.
https://doi.org/10.1007/s10811-012-9839-8



UNIVERSITAS

Nutrasetikal
Asriani Usman, Dr. Niken Satuti Nur Handayani, M.Sc ; Dr. Eng. Nanik Rahmani

Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/

GADJAH MADA

Kalra, E. K. 2003. Nutraceutical - Definition and introduction. AAPS Journal, 5(3):
1-2.

Kambey, C. S. B., Campbell, I., Sondak, C. F. A., Nor, A. R. M., Lim, P. E., and
Cottier-Cook, E. J. 2020. An analysis of the current status and future of
biosecurity frameworks for the Indonesian seaweed industry. Journal of
Applied Phycology, 32(4): 2147-2160. https://doi.org/10.1007/s10811-019-
02020-3

Kang, S., and Kim, J. K. yu. 2015. Reuse of red seaweed waste by a novel
bacterium, Bacillus sp. SYR4 isolated from a sandbar. World Journal of
Microbiology & Biotechnology, 31(1): 209-217.
https://doi.org/10.1007/s11274-014-1778-X

Khambhaty, Y., Mody, K., Gandhi, M. R., Thampy, S., Maiti, P., Brahmbhatt, H.,
Eswaran, K., and Ghosh, P. K. 2012. Kappaphycus alvarezii as a source of
bioethanol. Bioresource Technology, 103(2): 180-185.
https://doi.org/10.1016/j.biortech.2011.10.015

Khotijah, S., Irfan, M., and Muchdar, F. 2020. Komposisi nutrisi pada rumput laut
Kappaphycus alvarezii. Agrikan: Jurnal Agribisnis Perikanan, 13(2): 139-
146. https://doi.org/10.29239/j.agrikan.13.2.139-146

Kobayashi, T., Uchimura, K., Koide, O., Deguchi, S., and Horikoshi, K. 2012.
Genetic and biochemical characterization of the pseudoalteromonas
tetraodonis alkaline «-carrageenase. Bioscience, Biotechnology and
Biochemistry, 76(3): 506-511. https://doi.org/10.1271/bbb.110809

Krishnamoorthy, K., and Landge, A. V. 2018. Statistical optimisation of
fermentation media for novel Clostridium novyi-NT using Response Surface
Methodology. Brazilian Archives of Biology and Technology, 61: 1-15.
https://doi.org/10.1590/1678-4324-2018180026

Laemmli, U. K. 1970. Cleavage of structural proteins during the assembly of the
head of Bacteriophage T4. Nature Publishing Group, 227: 680-685.

Li, J.,, Gu, X., Zhang, Q., Fu, L., Tan, J., and Zhao, L. 2022. Biochemical
characterization of a carrageenase, Carl383, derived from associated
bacteria of Antarctic macroalgae. Frontiers in Microbiology, 13:851182.
https://doi.org/10.3389/fmicb.2022.851182

Li, J., Hu, Q., and Seswita-Zilda, D. 2014. Purification and characterization of a
thermostable A-carrageenase from a hot spring bacterium, Bacillus sp.
Biotechnology Letters, 36(8): 1669-1674. https://doi.org/10.1007/s10529-
014-1520-7

Bioprospeksi Aktinomisetes Laut Penghasil Enzim Karagenase untuk Pengembangan Produk



UNIVERSITAS
GADJAH MADA

Li,

BioprospEklsi Aktinomisetes Laut Penghasil Enzim Karagenase untuk Pengembangan Produk
Nutrasetikal
Asriani Usman, Dr. Niken Satuti Nur Handayani, M.Sc ; Dr. Eng. Nanik Rahmani

Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/

S., He, N., Han, Q., Li, X., Jung, S., Suk Lee, B., Kumar Mongre, R., Wang, Z.
P., Wang, L., and Lee, M. S. 2021. Production of a thermo-tolerant «-
carrageenase Vvia a food-grade host and anti-oxidant activity of its enzymatic
hydrolysate. Food Chemistry, 339, 128027: 1-9.
https://doi.org/10.1016/j.foodchem.2020.128027

Liu, J. M., Haroun-Bouhedja, F., and Boisson-Vidal, C. 2000. Analysis of the in

vitro inhibition of mammary adenocarcinoma cell adhesion by sulphated
polysaccharides. Anticancer Research, 20(5): 3265-3271.

Liu, X., and Kokare, C. 2017. Microbial Enzymes of Use in Industry. In

Biotechnology of Microbial Enzymes: Production, Biocatalysis and
Industrial Applications. Elsevier Inc. https://doi.org/10.1016/B978-0-12-
803725-6.00011-X

Madigan, M. T., Martinko, J.M., Bender, K.S., Buckley, D.H., and Stahl, D.A.,

2015. Brock Biology of Microorganisms 14" E, Global Edition, Pearson
Education, 99 p.

Maryana, R., Dewi, C., Rosyida, V. T., Wahono, S. K., Pratiwi, D., and Bardant, T.

B. 2013. Study of bioethanol production from seaweed waste. The 3rd
ACIKITA International Conference on Science and Technology (AICST),
March 2015, 170-178. https://doi.org/10.13140/RG.2.1.3167.3449

Matard-Mann, M., Bernard, T., Leroux, C., Barbeyron, T., Larocque, R., Préchoux,

A., Jeudy, A., Jam, M., Collén, P. N., Michel, G., and Czjzek, M. 2017.
Structural insights into marine carbohydrate degradation by family GH16 k-
carrageenases. Journal of Biological Chemistry, 292(48): 19919-19934.
https://doi.org/10.1074/jbc.M117.808279

Michel, G., Chantalat, L., Duee, E., Barbeyron, T., Henrissat, B., Kloareg, B., and

Dideberg, O. 2001. The k-carrageenase of P. carrageenovora Features a
Tunnel-Shaped Active Site. Structure, 9(6): 513-525.
https://doi.org/10.1016/s0969-2126(01)00612-8

Miller G.L. 1959. Use of Dinitrosalicylic Acid reagent for determination of

reducing sugar. Analytical Chemistry, 31(3): 426~428.

Mukhtar, S., Zaheer, A., Aiysha, D., Abdulla Malik, K., and Mehnaz, S. 2017.

Actinomycetes: A source of industrially important enzymes. Journal of
Proteomics & Bioinformatics, 10(12): 316-319.
https://doi.org/10.4172/jpb.1000456

Muzyed, S., Howlader, M. M., and Tuvikene, R. 2021. Fermentation optimization,

purification and biochemical characterization of 1-carrageenase from marine
bacterium Cellulophaga baltica. International Journal of Biological



BioprospEklsi Aktinomisetes Laut Penghasil Enzim Karagenase untuk Pengembangan Produk
Nutrasetikal
Asriani Usman, Dr. Niken Satuti Nur Handayani, M.Sc ; Dr. Eng. Nanik Rahmani

Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Macromolecules, 166: 789-797.
https://doi.org/10.1016/j.ijbiomac.2020.10.236

Nadhifah, H., Rahmani, N., Mangunwardoyo, W., Yopi, Atikana, A., Ratnakomala,
S., and Lisdiyanti, P. 2023. Xylanopectinolytic enzymes by marine
Actinomycetes from sediments of Sarena Kecil, North Sulawesi: high
potential to produce galacturonic acid and xylooligosaccharides from raw
biomass. Journal of Genetic Engineering and Biotechnology, 21(31): 1-11.
https://doi.org/10.1186/s43141-023-00488-8

Naim, M., Burhanuddin, B., Lapondu, D., and Roslan, R. 2018. Rancang bangun
protipe oven pengering rumput laut untuk UKM di wilayah Kabupaten
Luwu Timur. Dinamika: Jurnal lImiah Teknik Mesin, 10(1): 47-54.

Naval, P., and Sainathan, C. 2019. Alteromonas macleodii KS62 (MTCC 12606):
A novel k-carrageenase producing microorganism. International Journal of
Microbiology and Biotechnology, 4(4): 128-132.
https://doi.org/10.11648/j.ijmb.20190404.13

Nguyen, T. N. T., Chataway, T., Araujo, R., Puri, M., and Franco, C. M. M. 2021.
Purification and characterization of a novel alginate lyase from a marine
Streptomyces species isolated from seaweed. Marine Drugs, 19(11): 1-15.
https://doi.org/10.3390/md19110590

Offei, F., Mensah, M., Thygesen, A., and Kemausuor, F. 2018. Seaweed bioethanol
production: A process selection review on hydrolysis and fermentation.
Fermentation, 4(4): 1-18. https://doi.org/10.3390/fermentation4040099

Pereira, L., Amado, A. M., Critchley, A. T., van de Velde, F., and Ribeiro-Claro, P.
J. A. 2009. Identification of selected seaweed polysaccharides
(phycocolloids) by vibrational spectroscopy (FTIR-ATR and FT-Raman).
Food Hydrocolloids, 23(7): 1903-1909.
https://doi.org/10.1016/j.foodhyd.2008.11.014

Potin, P., Sanseau, A., Le Gall, Y., Rochas, C., and Kloareg, B. 1991. Purification
and characterization of a new k-carrageenase from a marine Cytophaga-like
bacterium. European Journal of Biochemistry, 201(1): 241-247.
https://doi.org/10.1111/j.1432-1033.1991.th16280.x

Prasetyaningrum, A., Praptyana, I. R., Nurfiningsih, and Ratnawati. 2019.
Carrageenan: Nutraceutical and functional food as future food. IOP
Conference Series: Earth and Environmental Science, 292(012068): 1-8.
https://doi.org/10.1088/1755-1315/292/1/012068

Putri, A. M., Uju, and Hardiningtyas, S. D. 2021. Pengaruh jenis pelarut dan
ultrasonikasi terhadap ekstrak fikoeritrin dari Kappaphycus alvarezii.



BioprospEklsi Aktinomisetes Laut Penghasil Enzim Karagenase untuk Pengembangan Produk
Nutrasetikal
Asriani Usman, Dr. Niken Satuti Nur Handayani, M.Sc ; Dr. Eng. Nanik Rahmani

Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Jurnal Pengolahan Hasil Perikanan Indonesia, 24(2): 269-283.
https://doi.org/10.17844/jphpi.v24i2.37182

Rahmani, N., Apriliana, P., Jannah, A. M., Ratnakomala, S., Lisdiyanti, P.,
Hermiati, E., Prasetya, B., and Yopi. 2019. Endo-xylanase enzyme from
marine Actinomycetes and its potential for xylooligosaccharide production.
IOP Conference Series: Earth and Environmental Science, 251(012028):1-
8. https://doi.org/10.1088/1755-1315/251/1/012053

Rahmani, N., Kahar, P., Lisdiyanti, P., Hermiati, E., Lee, J., Yopi, Prasetya, B.,
Ogino, C., and Kondo, A. 2018. Xylanase and feruloyl esterase from
Actinomycetes cultures could enhance sugarcane bagasse hydrolysis in the
production of fermentable sugars. Bioscience, Biotechnology and
Biochemistry, 82(5): 904-915.
https://doi.org/10.1080/09168451.2018.1438169

Rahmani, N., Kashiwagi, N., Lee, J. M., Niimi-Nakamura, S., Matsumoto, H.,
Kabhar, P., Lisdiyanti, P., Yopi, Prasetya, B., Ogino, C., and Kondo, A. 2017.
Mannan endo-1,4-B-mannosidase from Kitasatospora sp. isolated in
Indonesia and its potential for production of mannooligosaccharides from
mannan polymers. AMB Express, 7(2): 1-11.
https://doi.org/10.1186/s13568-017-0401-6

Rajendran, K., Krishnamoorthy, M., Karuppiah, K., Ethiraj, K., and Sekar, S. 2023.
Chitinase from Streptomyces mutabilis as an effective eco-friendly
biocontrol agent. Applied Biochemistry and Biotechnology, 01234567809.
https://doi.org/10.1007/s12010-023-04489-8

Ramesh, S., and Mathivanan, N. 2009. Screening of marine Actinomycetes isolated
from the Bay of Bengal, India for antimicrobial activity and industrial
enzymes. World Journal of Microbiology and Biotechnology, 25(12): 2103—
2111. https://doi.org/10.1007/s11274-009-0113-4

Reiffova, K. 2014. Analysis of food bioactive oligosaccharides by Thin-Layer
Chromatography. Food Oligosaccharides: Production, Analysis and
Bioactivity, 9781118426: 350-3609.
https://doi.org/10.1002/9781118817360.ch19

Rhein-Knudsen, N., Ale, M. T., and Meyer, A. S. 2015. Seaweed hydrocolloid
production: An update on enzyme assisted extraction and modification
technologies. Marine Drugs, 13(6): 3340-3359.
https://doi.org/10.3390/md13063340

Riskawati, R., and Syarifuddin, S. 2019. PKM teknologi Kappaphycus Alvarezii
dryer bagi Pengusaha rumput laut di Kabupaten Bantaeng. Sewagati, 3(3):
45-50. https://doi.org/10.12962/j26139960.v3i3.6112



BioprospEklsi Aktinomisetes Laut Penghasil Enzim Karagenase untuk Pengembangan Produk
Nutrasetikal
Asriani Usman, Dr. Niken Satuti Nur Handayani, M.Sc ; Dr. Eng. Nanik Rahmani

Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Rukisah, lhsan, B., and Gunawan, A. 2019. Pengaruh kedalaman terhadap
pertumbuhan dan produksi serta warna rumput laut (Kappaphycus alvarezii)
di perairan Pantai Amal Kota Tarakan. Jurnal Agroqua, 18(1): 65-74.
https://doi.org/10.32663/ja.v%Vi%i.1148

Sakhtiselvan, P., Meenambiga, S.S., and Madhumathi, R., 2019, Cell Growth,
Chapter: Kinetic Studies on Cell Growth, IntechOpen, London. DOI:
10.5772/intechopen.84353\

Sarkar, S., Pramanik, A., Mitra, A., and Mukherjee, J. 2010. Bioprocessing data for
the production of marine enzymes. Marine Drugs, 8(4): 1323-1372.
https://doi.org/10.3390/md8041323

Segan, S., Opsenica, D., and Milojkovi¢-Opsenica, D. 2019. Thin-layer
chromatography in  medicinal chemistry. Journal of Liquid
Chromatography and Related Technologies, 42(9-10): 238-248.
https://doi.org/10.1080/10826076.2019.1585615

Singh, V., Haque, S., Niwas, R., Srivastava, A., Pasupuleti, M., and Tripathi, C. K.
M. 2017. Strategies for fermentation medium optimization: An in-depth
review. Frontiers in Microbiology, 7 1087: 1-16.
https://doi.org/10.3389/fmich.2016.02087

Subaryono. 2018. Carrageenan oligosaccharides: Biological activity and its
development opportunities in Indonesia. Squalen Bulletin of Marine and
Fisheries Postharvest and Biotechnology, 13(1): 35-43.

Subramani, R., and Sipkema, D. 2019. Marine rare actinomycetes: A promising
source of structurally diverse and unique novel natural products. Marine
Drugs, 17(249): 1-40. https://doi.org/10.3390/md17050249

Sun, Y., Yang, B., Wu, Y., Liu, Y., Gu, X., Zhang, H., Wang, C., Cao, H., Huang,
L., and Wang, Z. 2015. Structural characterization and antioxidant activities
of k-carrageenan oligosaccharides degraded by different methods. Food
Chemistry, 178: 311-318. https://doi.org/10.1016/j.foodchem.2015.01.105

Tipton, K. F., and Dixon, H. B. F. 1979. [9] Effects of pH on Enzymes. In Methods
in Enzymology (Vol. 63, Issue C). https://doi.org/10.1016/0076-
6879(79)63011-2

Tuiyo, R., and MoO, Z. A. 2023. Kandungan karagenan dan kekuatan gel
Kappaphycus alvarezii hasil budidaya teknologi kultur jaringan. Fish
Jambura Processing Journal, 5(1): 27-35.

Waters, T., Jones, R., Theuerkauf, S., Lionata, H., Prasetyo, T., Subhan, W.,



BioprospEklsi Aktinomisetes Laut Penghasil Enzim Karagenase untuk Pengembangan Produk
Nutrasetikal
Asriani Usman, Dr. Niken Satuti Nur Handayani, M.Sc ; Dr. Eng. Nanik Rahmani

Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Muhammad, U., Amin, I., and Muhammad, I. 2019. Coastal conservation
and sustainable livelihoods through seaweed aquaculture in Indonesia: A
guide for buyers, conservation practitioners, and farmers, Version 1. The
Nature Conservancy (Issue V1). Arlington VA, USA and Jakarta, Indonesia.

Xiao, Q., Zhu, Y., Li, J, Wu, C., Ni, H., and Xiao, A. 2018. Fermentation
optimization and enzyme characterization of a new t-carrageenase from
Pseudoalteromonas carrageenovora ASY5. Electronic Journal of
Biotechnology, 32: 26-34. https://doi.org/10.1016/j.ejbt.2017.12.005

Yao, Z., Wang, F., Gao, Z., Jin, L., and Wu, H. 2013. Characterization of a k-
carrageenase from marine Cellulophaga lytica strain N5-2 and analysis of
its degradation products. International Journal of Molecular Sciences,
14(12): 24592-24602. https://doi.org/10.3390/ijms141224592

Yao, Z., Wang, T., Wang, Y., and Lu, R. 2022. k-Carrageenan oligosaccharides
postpone the progression of Alzheimer ’ s disease by inhibiting neuronal
damage caused by microglial overactivation. Research Square, 1-20.
https://doi.org/https://doi.org/10.21203/rs.3.rs-1588494/v1

Yao, Z., Wu, H., Zhang, S., and Du, Y. 2014. Enzymatic preparation of «-
carrageenan oligosaccharides and their anti-angiogenic activity.
Carbohydrate Polymers, 101(2): 359-367.
https://doi.org/10.1016/j.carbpol.2013.09.055

Youssef, A. S., Beltagy, E. A., EI-Shenawy, M. A., and El-Assar, S. A. 2012.
Production of k-carrageenase by Cellulosimicrobium cellulans isolated
from Egyptian Mediterranean coast. African Journal of Microbiology
Research, 6(37), 6618-6628. https://doi.org/10.5897/AJMR12.517

Zainal Ariffin, S. H., Yeen, W. W., Zainol Abidin, I. Z., Megat Abdul Wahab, R.,
Zainal Ariffin, Z., and Senafi, S. 2014. Cytotoxicity effect of degraded and
undegraded kappa and iota carrageenan in human intestine and liver cell
lines. BMC Complementary and Alternative Medicine, 14(1): 1-16.
https://doi.org/10.1186/1472-6882-14-508

Zhao, D., Jiang, B., Zhang, Y., Sun, W., Pu, Z., and Bao, Y. 2021. Purification and
characterization of a cold-adapted k-carrageenase from Pseudoalteromonas
sp. ZDY3. Protein Expression and Purification, 178(2): 105768.
https://doi.org/10.1016/j.pep.2020.105768

Zhu, B. W., Xiong, Q., Ni, F., Sun, Y., and Yao, Z. 2018. High-level expression
and characterization of a new «k-carrageenase from marine bacterium
Pedobacter hainanensis NJ-02. Letters in Applied Microbiology, 66(5):
409-415. https://doi.org/10.1111/lam.12865



BioprospEklsi Aktinomisetes Laut Penghasil Enzim Karagenase untuk Pengembangan Produk
Nutrasetikal
Asriani Usman, Dr. Niken Satuti Nur Handayani, M.Sc ; Dr. Eng. Nanik Rahmani

Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Ziayoddin, M., Lalitha, J., and Shinde, M. 2014. Increased production of
carrageenase by Pseudomonas aeruginosa ZSL-2 wusing Taguchi
experimental design. International Letters of Natural Sciences, 17: 194—
207. https://doi.org/10.18052/www.scipress.com/ilns.17.194



