
62 
 

DAFTAR PUSTAKA 

 

Adlercreutz P. 2013. Immobilisation and application of lipases in organic media. 

Chem. Soc. Rev. 42: 6406-6436. 

 

Agrawal A. dan Konno K. 2009. Latex: A Model for Understanding Mechanisms, 

Ecology, and Evolution of Plant Defense against Herbivory. Annual Review 

of Ecology, Evolution, and Systematics, Vol. 40 (15) : 311-331. 

 

Ahmad M. dan Sardar R. 2015. Enzyme Immobilization: An Overview on 

Nanoparticles as Immobilization Matrix. Biochemistry & Analytical 

Biochemistry, Vol. 4, Issue 2. 

 

Albertsson P.A. 1961. Fractionation of particles and macromolecules in aqueous 

two-phase systems. Biochemical Pharmacology 5: 351–358. 

 

Amri E. dan Mamboya F. 2012. Papain, a plant enzyme of biological importance: 

A review. American Journal of Biochemistry and Biotechnology 8 (2): 99-

104. 

 

Andarias S.H. 2014. Karakterisasi dan Imobilisasi Papain Getah Buah Pepaya 

Gunung (Carica pubescens). Tesis. Program Pascasarjana Fakultas Biologi. 

Universitas Gadjah Mada. 

 

Andarias S.H. dan Pratiwi R. 2015. Characterization and Immobilization of Papain 

in Latex from Mountain Papaya (Carica pubescens Lanne & Koch) Fruit. 

Draf Publikasi. Laboratorium Biokimia, Fakultas Biologi, Universitas 

Gadjah Mada. 

 

Anwar A., Qader S.A.U., Raiz A., Iqbal S. dan Azhar A. 2009. Calcium Alginate: 

A Support Material for Immobilization of Proteases from Newly Isolated 

Strain of Bacillus subtilis KIBGE-HAS. World Applied Sciences Journal 7 

(10): 1281-1286. 

 

Badillo V. M. 1993. Caricaceae, segundo esquema. Revista de la Facultad de 

Agronomı´a de la Universidad de Venezuela 43: 1–111. 

 

Badillo V.M. 1971. Monografia de la familie Caricaceae. Associacion de 

Profesores, Universidad Central de Venezuela, Maracay, Venezuela. 

 

Badillo, V.M., 2000. Carica L. vs Vasconcella St. Hil. (Caricaceae): con la 

rehabilitación de este último. In : Moya-León M.A., Moya M. dan Herrera 

R. 2004. Ripening of mountain papaya (Vasconcellea pubescens) and 

Pemurnian dan Optimasi Imobilisasi Papain Getah Buah Pepaya Gunung (Vasconcellea pubescens
A. DC.)
GERALDINE L.A GONTHA, Dra. Rarastoeti Pratiwi, M.Sc, Ph.D.
Universitas Gadjah Mada, 2016 | Diunduh dari http://etd.repository.ugm.ac.id/



63 
 

ethylene dependence of some ripening events. Postharvest Biology and 

Technology 34 (2004) 211–218. 

 

Barbosa O., Ortiz C., Murcia A.B., Torres R., Rodriguez R.C. dan Lafuente R.F. 

2014. Glutaraldehyde in bio-catalysts design: a useful crosslinker and a 

versatile tool in enzyme immobilization. Royal Society Chemistry 

Advances, Issue 4. 

 

Benavides J., Rito-Palomares M. dan Asenjo J.A. 2011. Aqueous Two Phase 

Systems. Comprehensive Biotechnology, Second Edition, Vol. 2, 697-713. 

 

Beveridge A.J. 1996. A theoretical study of the active sites of papain and S195C rat 

trypsin: Implication for the low reactivity of mutant serine proteinases. J 

Protein Sci 5:1355:1365. 

 

Bhunia, B., Basak, B., Mandal, T., Bhattacharya, P. dan Dey, A. 2013. Effect of pH 

and Temperature on Stability and Kinetics of Novel Extracellular Serine 

Alkaline Protease (70 kDa). International Journal of Biological 

Macromolecule 54: 1-8. 

 

Cahyaningrum S.E., Narsito., Santoso S.J. dan Agustini R. 2013. Preparation and 

Properties of Papain Immobilized onto Metal Ions Cross-linked Chitosan 

Beads. Research Journal of Pharmaceutical, Biological and Chemical 

Sciences, 4 (4) : 120 – 126. 

 

Chaplin J. dan Buckle G.B. 1990. Enzyme Immobilization Technology. New York: 

AVI Publishing. 

 

Chen Q.H., He G.Q., Jiao Y.C. dan Ni H. 2006. Effects of elastase from a Bacillus 

strain on the tenderization of beef meat. Food Chemistry, 98 (4) : 624-629. 

 

Chibata I. 1978. Imobilized Enzyme, Research and Development. New York: John 

Wiley and Sons Inc. 

 

Cleland J.L., Hedgepeth C. dan Wang D.I. 1992. J. Biol. Chem. 267 : 13327-13334. 

 

Cruz J.C., Würges K., Kramer M., Pfromm P.H. dan Rezac M.E. 2011. 

Immobilization of enzymes on fumed silica nanoparticles for applications 

in nonaqueous media. Methods Mol. Biol. 743: 147-160. 

 

Danial E.N., Hamza1 A.H. dan Mahmoud R.H. 2015. Characteristics of 

Immobilized Urease on Grafted Alginate Bead Systems 58 (2): 147-153. 

 

Datta S., Christena L.R. dan Rajaram Y.R.S. 2013. Enzyme immobilization: an 

overview on techniques and support materials. 3 Biotech 3: 1-9. 

 

Pemurnian dan Optimasi Imobilisasi Papain Getah Buah Pepaya Gunung (Vasconcellea pubescens
A. DC.)
GERALDINE L.A GONTHA, Dra. Rarastoeti Pratiwi, M.Sc, Ph.D.
Universitas Gadjah Mada, 2016 | Diunduh dari http://etd.repository.ugm.ac.id/



64 
 

Deshpande A., D'souza S.F. dan Nadkarni G.B. 1987. Coimmobilization of Damino 

acid oxidase and catalase by entrapment ofTrigonopsis variabilis in 

radiation polymerized Polyacrylamide beads. Journal of bioscience 11: 137-

144. 

 

Dixon M. dan Webb E.E. 1979. Enzymes. New York: Academic Press. 

 

Djuwita, T. 2004. Pemanfaatan Teknik Elektroforesis untuk karakterisasi DNA dan 

Protein. Modul. Pelatihan Dosen universitas/perguruan Tinggi. Direktorat 

jenderal Pendidikan Tinggi Departemen Pendidikan Nasional dan 

Departemen Anatomi IPB, Bogor. 

 

Dong W.H., Wang T.Y., Wang F. dan Zhang J.H. 2011. Simple, Time-Saving Dye 

Staining of Proteins for Sodium Dodecyl Sulfate–Polyacrylamide Gel 

Electrophoresis Using Coomassie Blue. PLoS ONE, 6 (8) : 1-6. 

 

Drenth J., Jansonius J.N., Koekoek R., Sluyterman L.A.A. dan Wolthers B.G. 1970. 

The Structure of the Papain Molecule. Phil. Trans. Roy. Soc. Lond. 257 : 

231 – 236. 

 

D'Souza S.F. 1999. Immobilized enzymes in bioprocess. Curr. Sci. 77: 69-79. 

 

Elnashar, M.M.M. 2010. Review Article : Immobilized Molecules Using 

Biomaterials and Nanobiotechnology. Journal of Biomaterials and 

Nanobiotechnology, 1 : 61-77. 

 

Elibol M. dan Moreira A.R. 2003. Production of Extracellular Alkaline Protease by 

Immobilization of The Marine Bacterium Teredinobacter turnirae. Process 

Biochemistry, 38 (10) : 1445–1450. 

 

Fu J., Reinhold J. dan Woodbury N.W. 2011. Peptide-modified surfaces for enzyme 

immobilization. PLoS One 6: e18692. 

 

Ganesana M., Istarnboulie G., Marty J.L., Noguer T. dan Andreescu S. 2011. Site-

specific immobilization of a (His) 6-tagged acetylcholinesterase on nickel 

nanoparticles for highly sensitive toxicity biosensors. Biosens Bioelectron 

30: 43-48. 

 

Geetha V.V. dan Balamurugan P. 2011. SDS-PAGE Electrophoresis in Mustard 

Cultivar. Int. J. Agric. Res., 6 (5) : 437-443. 

 

Gupta M.N., Kaloti M., Kapoor M. dan Solanki K. 2011. Nanomaterials as matrices 

for enzyme immobilization. Artif Cells Blood Substit Immobil Biotechnol 

39: 98-109. 

 

Pemurnian dan Optimasi Imobilisasi Papain Getah Buah Pepaya Gunung (Vasconcellea pubescens
A. DC.)
GERALDINE L.A GONTHA, Dra. Rarastoeti Pratiwi, M.Sc, Ph.D.
Universitas Gadjah Mada, 2016 | Diunduh dari http://etd.repository.ugm.ac.id/



65 
 

Grosová Z., Rosenberg M., Rebros M., Sipocz M. dan Sedlácková B. 2008. 

Entrapment of beta-galactosidase in polyvinylalcohol hydrogel. Biotechnol 

Lett 30: 763-767. 

 

Ha M., Bekhit A., Carne A. dan Hopkins D.L. 2012. Characterizationvof 

commercial papain, bromelain, actinidin and zingibain 

proteasevpreparations and their activities toward meat proteins. Food 

Chemistry, 134 : 95–105. 

 

Hartmann M. dan Kostrov X. 2013. Immobilization of enzymes on porous silicas – 

benefits and challenges. Chem Soc Rev 42: 6277-6289. 

 

Harrison M.J., Burton N.A. dan Hiller I.H. 1997. Catalytic mechanism of the 

enzyme papain: prediction with a hybrid quantum mechanical or molecular 

mechanical potential. Journal of American Chemical Society, 199 : 12285-

12291. 

 

Hermes B.D. 1998. Gel Electrophoresis of Proteins. Oxford University Press. New 

York. 

 

Holme, D.J. & Peck H. 1998. Analitycal Biochemistry Third Edition. Pearson 

Education Limited. England. 

 

Homaei A.A., Reza H., Sajedi., Sariri R., Seyfzadeh S. dan Stevanato R. 2010. 

Cysteine enhances activity and stability of immobilized papain. Amino 

Acids 38:937–942. 

 

Homaei A.A., Sariri R., Vianello F. dan Stevanato R. 2013. Enzyme Immobilization 

: an Update. J Chem Biol 6:185–205. 

 

Islam M.N. dan Toribio M.M. 2013. Development of a Meat Tenderizer Based on 

Papaya Peel. RIDTEC Vol. 9 (2) : 24 – 29. 

 

Macalood J.S., Vicente H.J., Boniao R.D., Gorospe J.G. dan Roa E.C. 2013. 

Chemical Analysis of Carica papaya L. Crude Latex. American Journal of 

Plant Sciences, 4, 1941-1948. 

 

Motyan J.A., Toth F. dan Tozser J. 2013. Research Applications of Proteolytic 

Enzymes in Molecular Biology. Biomolecules 3, 923-942. 

 

Jiang B., Li Z.G. dan Dai J.Y. 2009. Aqueous two-phase extraction of 2,3-

butanediol from fermentation broths using an ethanol/phosphate system. 

Process Biochemistry 44: 112–117. 

 

Pemurnian dan Optimasi Imobilisasi Papain Getah Buah Pepaya Gunung (Vasconcellea pubescens
A. DC.)
GERALDINE L.A GONTHA, Dra. Rarastoeti Pratiwi, M.Sc, Ph.D.
Universitas Gadjah Mada, 2016 | Diunduh dari http://etd.repository.ugm.ac.id/



66 
 

Johnson R.D., Wang Z.G. dan Arnold F.H. 1996. Surface site heterogeneity and 

lateral interactions in multipoint protein adsorption. J. Phys. Chem. 100: 

5134-5139. 

 

Kakaei M. dan Kahrizi D. 2011. Study of seed proteins pattern of brassica napus 

varieties via Sodium Dodecyl Sulfate Polyacrylamid Gel Electrophoresis. 

Int. Res. J. Biotechnol., 2 (1) : 026-038. 

 

Khaparde S.S. dan Singhal. R.S. 2001. Chemically modified papain for applications 

in detergents formulations. Bioresource Technology 78 (1): 1-4. 

 

Khoshnevisan K., Bordbar A.K., Zare D., Davoodi D. dan Noruzi M. 2011. 

Immobilization of cellulase enzyme on superparamagnetic nanoparticles 

and determination of its activity and stability. Chem. Eng. J. 171: 669-673. 

Koolman, J. & Roehm, K.H. 2005. Color Altas of Biochemistry. Thieme Stuttgart. 

New York. 

 

Konsoula Z. dan Kyriakides M.L. 2006. Thermostable 𝛼-amylase Production by 

Bacillus subtilis entrapped in Calcium Alginate Gel Capsules. Enzyme and 

Microbial Technology, 39 (4) : 690–696. 

 

Kullmann S.M. 2013. Polymer-Enzyme Thin Films Assembly, Characterization 

and Stability of Bio-functionalized Surfaces. Disertasi. Program Doktor 

Fakultas Teknik. Universitat Erlangen Nurenberg. 

 

Kurfurst M.M. 1992. Detection and Molecular Weight Determination of 

Polyethylene Glycol-Modified Hirudin by Staining after Sodium Dodecyl 

Sulfate-Polyacrylamide Gel Electrophoresis. Analytical Biochemistry, 200 : 

244-248. 

 

Lehninger A.L. 1993. Dasar-dasar Biokimia Jilid I. Maggy Thenawijaya. 

Penerjemah; Jakarta: Erlangga. 

 

Leung A.Y. 1996. Encyclopedia of Common Natural Ingredients Used in Food, 

Drugs, and Cosmetics. Ed ke-2. New York: Interscience. 

 

Lye G.J., Asenjo J.A. dan Pyle D.L. 1995. Extraction of lysozyme and 

ribonuclease-a using reverse micelles: Limits to protein solubilization. 

Biotechnology and Bioengineering 47: 509–519. 

 

Maulina R.N.F. dan Pratiwi R. 2013. Imobilisasi dan Aktivitas Papain Pepaya 

Gunung (Carica pubescens Lenne & Koch). Prosiding seminar nasional 

Bioteknologi. Universitas Gadjah Mada. Yogyakarta. 

 

Molino J.V.D., Marques D.A.V., and Junior A.D., Mazzola P.G. dan Gatti M.S.V. 

2013. Different Types of Aqueous Two-Phase Systems for Biomolecule and 

Pemurnian dan Optimasi Imobilisasi Papain Getah Buah Pepaya Gunung (Vasconcellea pubescens
A. DC.)
GERALDINE L.A GONTHA, Dra. Rarastoeti Pratiwi, M.Sc, Ph.D.
Universitas Gadjah Mada, 2016 | Diunduh dari http://etd.repository.ugm.ac.id/



67 
 

Bioparticle Extraction and Purification. Biotechnol. Prog. 29 (6) : 1343 – 

1353. 

 

Mosafa L., Moghadam M. dan Shahedi M. 2013. Papain enzyme supported on 

magnetic nanoparticles: Preparation, characterization and application in the 

fruit juice clarification. Chinese Journal of Catalysis 34 : 1897–1904. 

 

Mótyán J.A., Tóth F. dan Tőzsér J. 2013. Research Applications of Proteolytic 

Enzymes in Molecular Biology. Biomolecules 3, 923-942. 

 

Muchtadi D.S., Palupi N.S. dan Astawan M. 1992. Enzim dalam Industri Pangan. 

Bogor: PAU Pangan dan Gizi, Institut Pertanian Bogor. 

 

Nakasone H.Y. dan Paull R.E. 1998. Tropical fruits. CAB International, 

Wallingford. 

 

Nitsawang S., Hatti-Kaul R. dan Kanasawud P. 2006. Purification of papain from 

Carica papaya latex: Aqueous two-phase extraction versus two-step salt 

precipitation. Enzyme and Microbial Technology 39 (2006) 1103–1107. 

 

Novita W., Arief K., Nisa F.C. dan Murdiyatmo U. 2006. Karakterisasi Parsial 

Ekstrak Kasar Enzim Protease dari Bacillus amyloliquefaciens NRRL B-

14396. Jurnal Teknologi Pertanian, Vol. 7 No. 2 : 96-105. 

 

Ooi C.W., Tey B.T. dan Hii S.L. 2009. Purification of lipase derived from 

Burkholderia pseudomallei with alcohol/salt-based aqueous two-phase 

systems. Process Biochemistry 44: 1083–1087. 

 

Permatasari A., Sugiyarto., Marsusi. dan Hailu H.W. 2015. Transplantation of 

carica (Vasconcellea pubescens) at various altitudes of Mount Lawu, 

Central Java with treatment of shade and different types of fertilizers. 

Nusantara Bioscience 7 (1) : 6 – 14. 

 

Raja S., Murty V.R., Thivaharan V., Rajasekar V. dan Ramesh V. 2011. Aqueous 

Two Phase Systems for the Recovery of Biomolecules – A Review. Science 

and Technology 1(1): 7-16. 

 

Rao S.V., Anderson K.W. dan Bachas L.G. 1998. Oriented immobilization of 

proteins. Microchimica Acta 128: 127-143. 

 

Rathnasamy S. dan Kumaresan R. 2013. Design and development of single stage 

purification of papain using Ionic Liquid based aqueous two phase 

extraction system and its Partition coefficient studies. International Journal 

of Engineering and Technology, 5 (2) : 1934-1941. 

 

Pemurnian dan Optimasi Imobilisasi Papain Getah Buah Pepaya Gunung (Vasconcellea pubescens
A. DC.)
GERALDINE L.A GONTHA, Dra. Rarastoeti Pratiwi, M.Sc, Ph.D.
Universitas Gadjah Mada, 2016 | Diunduh dari http://etd.repository.ugm.ac.id/



68 
 

Regalado C., Asenjo J.A. dan Pyle D.L. 1994. Protein extraction by reverse 

micelles. Horseradish peroxidase recovery maximization by surface 

response methodology, and denaturation studies. Transactions of the 

Institution of Chemical Engineers 72(C): 123–134. 

 

Sampedro J.G., Munoz-Clares R.A. dan Uribe S. 2002. Trehalose-Mediated 

Inhibition of the Plasma Membrane H+-ATPase from Kluyveromyces lactis: 

Dependence on Viscosity and Temperature. Journal of Bacteriology, 184 

(16) : 4384–4391. 

 

Sánchez I. 1994. Andean fruits. In : J.E. Hernándo Bermejo, J. León (Eds.), 

Neglected Crops: 1492 from a Different Perspective. Plant Production and 

Protection Series No. 26. FAO, Rome, Italy, hal. 181–191. 

 

Sani. 2008. Penambahan Natrium Bisulfit pada Kualitas Enzim Papain dari Getah 

Pepaya secara MCU. Unesa University Press. 

 

Saputra F.R. 2014. Aplikasi Meetode SDS-PAGE untuk Mengidentifikasi Sumber 

Gelatin pada Kapsul Beras. Skripsi. Program Studi Farmasi. UIN Syarif 

Hidayatullah Jakarta. 

 

Sarangi B.K., Pattanaik D.P., Rathinaraj K., Sachindra N.M., Madhusudan M.C. 

dan Mahendrakar N. S. 2011. Purification of alkaline protease from chicken 

intestine by aqueous two phase system of polyethylene glycol and sodium 

citrate. J Food Sci Technol 48 (1) : 36–44. 

 

Scheldemann X., van Damme P. dan Motoche J.P.R. 2002. Highland Papayas in 

Southern Ecuador : need for conservation action. Acta Horticulturae, 575 

(1) : 199 – 205. 

 

Shaw J.F., Chang R.C. dan Wang Y.J. 1987. Kinetics of Papain Immobilized on 

Chitosan by Multiple Point Attachment. Bot. Bull. Academia Sinica 28 : 131 

– 138. 

 

Simirgiotis M.J., Caligari P.D.S. dan Schmeda-Hirschmann G. 2009. Identification 

of phenolic compounds from the fruits of the mountain papaya Vasconcellea 

pubescens A. DC. grown in Chile by liquid chromatography–UV detection–

mass spectrometry. Food Chemistry 115 : 775–784. 

 

Singh V., Sardar M. dan Gupta M.N. 2013. Immobilization of Enzymes by 

Bioaffinity Layering. In: Immobilization of Enzymes and Cells. (3rdedn), 

Springer, Humana Press. 

 

Spahn C. dan Minteer S.D. 2008. Enzyme immobilization in biotechnology. Recent 

Pat Eng 2: 195-200. 

 

Pemurnian dan Optimasi Imobilisasi Papain Getah Buah Pepaya Gunung (Vasconcellea pubescens
A. DC.)
GERALDINE L.A GONTHA, Dra. Rarastoeti Pratiwi, M.Sc, Ph.D.
Universitas Gadjah Mada, 2016 | Diunduh dari http://etd.repository.ugm.ac.id/



69 
 

Subagyo. 2014. Karakteristik Protein Daging Sapi Bali dan Wagyu Setelah Direbus. 

Tesis. Program Pascasarjana. Universitas Udayana. 

 

Suhartono, M.T. 1989. Protease. PAU Bioteknologi Institut Pertanian Bogor. 

Bogor. 

 

Sumarlin L.O., Nurbayti S. dan Fauziah S. 2011. Penghambatan Enzim Pemecah 

Protein (Papain) Oleh Ekstrak Rokok, Minuman Beralkohol Dan Kopi 

Secara In Vitro. Valensi 2 (3) : 449-458. 

 

Sun J., Liu J., Liu Y. dan Li Z. 2011.Optimization of Entrapping Conditions of 

Nitrifying Bacteria and Selection of Entrapping Agent. Proceedings of the 

2nd International Conference on Environmental Science and Technology 

(IPCBEE ’11), vol. 6, IACSIT Press. 

 

Tran D.N. dan BalkusJr K.J. 2011. Perspective of Recent Progress in 

Immobilization of Enzymes. ACS Catalysis, 1 (8): 956–968. 

 

Uribe S. dan Sampedro J.G. 2003. Measuring Solution Viscosity and its Effect on 

Enzyme Activity. Biol. Proced. Online 5 (1) : 108-115. 

 

Van Droogenbroeck B., Breyne, P., Goetghebeur, P., Romeijn-Peeters, E., Kyndt, 

T. dan Gheysen, G. 2002. AFLP analysis of genetic relationships among 

papaya and its wild relatives (Caricaceae) from Ecuador. Theor. Appl. 

Genet. 195, 289–297. 

 

Van den Eynden V., Cueva E. dan Cabrera O. 1999. Plant Silvestres Comestibles 

del Sur del Ecuador – Wild edible plants of Southern Ecuador. Ediciones 

Abya-Yala, Quito, Ecuador 221 p. 

 

Viet T.Q., Minh N.P. dan Dao D.T.A. 2013. Immobilization of Cellulase Enzyme 

in Calcium Alginate Gel and Its Immobilized Stability 1 (12) : 254 – 267. 

 

Westermeier. 2004. Electrophoresis in Practice : A Guide to Theory and Practice. 

New-Jersey : John Willley & Sons Inc. 

 

Wijaya, S.K.S., & Rohman, L. 2005. Fraksinasi dan Karakterisasi protein Utama 

Biji Kedelai. Jember: Fakultas MIPA Universitas Jember. 

 

Wilson K. dan Walker J. 2000. Principles and Techniques of Practical 

Biochemistry, Fifth Edition. United Kingdom : Cambridge University Press. 

 

Wong D.M.S. 1989. Mechanism and Theory in Food Chemistry. New York: AVI 

Book-Van Norstrand Reinhold. 

 

Pemurnian dan Optimasi Imobilisasi Papain Getah Buah Pepaya Gunung (Vasconcellea pubescens
A. DC.)
GERALDINE L.A GONTHA, Dra. Rarastoeti Pratiwi, M.Sc, Ph.D.
Universitas Gadjah Mada, 2016 | Diunduh dari http://etd.repository.ugm.ac.id/



70 
 

Xu Y., Souza M.A., Pontes M.Z.R., Vitolo M. dan Júnior A.P. 2003. Liquid-Liquid 

Extraction of Enzymes by Affinity Aqueous Two-Phase Systems. Brazilian 

Archives of Biology and Technology 46 (4) : 741-750. 

 

Zaborsky O.R. 1973. Immobilized Enzyme. Cleveland: CRC Press Inc. 

Pemurnian dan Optimasi Imobilisasi Papain Getah Buah Pepaya Gunung (Vasconcellea pubescens
A. DC.)
GERALDINE L.A GONTHA, Dra. Rarastoeti Pratiwi, M.Sc, Ph.D.
Universitas Gadjah Mada, 2016 | Diunduh dari http://etd.repository.ugm.ac.id/


