
47 
 

DAFTAR PUSTAKA 

Azeman, N.H., Yusof, N.A., dan Othman, A.I., 2015, Detection of Free Fatty Acid 
in Crude Palm Oil, Asian J. Chem., 27(5), 1569–1573. 

Barros, M., Fleuri, L.F., dan MacEdo, G.A., 2010, Seed lipases: Sources, 
Applications and Properties - A Review, Brazilian J. Chem. Eng., 27(1), 15–
29. 

Benita, S., 1998, Recent Advances and Industrial Applications of 
Microencapsulation, Biomed. Sci. Technol., 1, 17–29. 

Bharathwaaj, R., Nagarajan, P.K., Kabeel, A.E., Madhu, B., Mageshbabu, D., dan 
Sathyamurthy, R., 2018, Formation, Characterization and Theoretical 
Evaluation of Combustion of Biodiesel Obtained from Wax Esters of A. 
Mellifera, Alexandria Eng. J., 57, 1205–1215. 

Bhatia, S. dan Bhatia, S., 2018, Introduction to Enzymes and Their Applications., 
IOP Publishing. 

Brinker, C.J. dan Scherer, G.W., 1990, Sol-Gel Science: The Physics and Chemistry 
of Sol-Gel Processing, Academic Press, Boston. 

Bruno, S., Ronda, L., Abbruzzetti, S., Viappiani, C., Bettati, S., Kumar Maji, S., 
dan Mozzarelli, A., 2011, Protein Encapsulation, Conformations and 
Nanobiotools, Encyclopedia of Nanoscience and Nanotechnology, 21, 481-
517. 

Bhushan, I., Parshad, R., Qazi, G.N., dan Gupta, V.K., 2008, Immobilization of 
Lipase by Entrapment in Ca-Alginate Beads, J. Bioact. Compat. Polym., 
23(6), 552-562. 

Cantone, S., Ferrario, V., Corici, L., Ebert, C., Fattor, D., Spizzo, P., dan Gardossi, 
L., 2013, Efficient Immobilisation of Industrial Biocatalysts: Criteria and 
Constraints for The Selection of Organic Polymeric Carriers and 
Immobilisation Methods, Chem. Soc. Rev., 42(15), 6262–6276. 

Carvalho, N.B., Barbosa, J.M.P., Oliveira, M.V.S., Fricks, A.T., Lima, Á.S., dan 
Soares, C.M.F., 2013, Biochemical Properties of Bacillus sp. ITP-001 Lipase 
Immobilized with A Sol Gel Process, Quim. Nova, 36(1), 52–58. 

Carvalho, N.B., Vidal, B.T., Barbosa, A.S., Pereira, M.M., Mattedi, S., dan Freitas, 
L.D.S., 2018, Lipase Immobilization on Silica Xerogel Treated with Protic 
Ionic Liquid and Its Application in Biodiesel Production from Different Oils, 
Int. J. Mol. Sci., 19(7), 1-20. 

Cavalcanti-Oliveira, E.D.A., Da Silva, P.R., Ramos, A.P., Aranda, D.A.G., dan 
Freire, D.M.G., 2011, Study of Soybean Oil Hydrolysis Catalyzed by 

Enkapsulasi Enzim Lipase dalam Silika Gel dari Abu Sekam Padi dan Uji Aktivitas pada Reaksi
Hidrolisis Minyak Kelapa Sawit
KRISMONALIA RIZKI, Tri Joko Raharjo, M.Si., Ph.D.; Dr. Deni Pranowo, M.Si.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



48 
 

 

Thermomyces lanuginosus Lipase and Its Application to Biodiesel 
Production via Hydroesterification, Enzyme Res., 2011(1), 1-8. 

Cespugli, M., Lotteria, S., Navarini, L., Lonzarich, V., Del Terra, L., dan Vita, F., 
2018, Rice Husk as An Inexpensive Renewable Immobilization Carrier for 
Biocatalysts Employed in The Food, Cosmetic and Polymer Sectors, 
Catalysts, 8(10), 1-23. 

Che Man, Y.C.B., Moh, M.H., dan Van De Voort, F.R., 1999, Detection of Free 
Fatty Acids in Crude Palm Oil and Refined-Bleached-Deodorized-Palm-
Olein Using Fourier Transform Infrared Spectroscopy, JAOCS, 76(4), 485-
490. 

Corici, L., Ferrario, V., Pellis, A., Ebert, C., Lotteria, S., Cantone, S., Voinovich, 
D., dan Gardossi, L., 2016, Large Scale Applications of Immobilized 
Enzymes Call for Sustainable and Inexpensive Solutions: Rice Husks as 
Renewable Alternatives to Fossil-Based Organic Resins, RSC Adv., 2016(6), 
63256–63270. 

Das, S., 2011, Immobilization of Enzymes in Sol-Gel Mesoporous Silica , 
Enzymatic Digestion of Biomass, and Silica-Curcumin Hybrid Materials, 
Thesis, Drexel University. 

De Almeida, D.T., Viana, T.V., Costa, M.M., Silva, C. de S., dan Feitosa, S., 2019, 
Effects of Different Storage Conditions on The Oxidative Stability of Crude 
and Refined Palm Oil, Olein and Stearin (Elaeis guineensis), Food Sci. 
Technol., 39(1), 211–217.  

El-sayed, S.T., Omar, N.I., dan Shousha, W.G., 2017, Immobilization of Pepper 
Chitosanase on Different Natural Carriers for Improving Enzyme Stability, 
Saudi J. Med. Pharm. Sci., 3(11), 1222–1229. 

Gao, S., Wang, Y., Wang, T., Luo, G., dan Dai, Y., 2009, Immobilization of Lipase 
on Methyl-Modified Silica Aerogels by Physical Adsorption, Bioresour. 
Technol., 100(2), 996–999. 

Goswami, D., Basu, J.K., dan De, S., 2013, Lipase Applications in Oil Hydrolysis 
with A Case Study on Castor Oil: A Review, Crit. Rev. Biotechnol., 33(1), 
81–96. 

Guisan, J.M., 2006, Methods in Biotechnology: Immobilization of Enzymes and 
Cells, (Second Edition), Humana Press, New Jersey. 

Firdaus, F., Dali, S., dan Rusman, H.J., 2017, Immobilization of Lipase Enzyme 
from Rice Bran (Oryza sativa L.) on Activated Carbon: Characterization and 
Test The Stability, Indo. J. Chem., 5(1), 444–448. 

Enkapsulasi Enzim Lipase dalam Silika Gel dari Abu Sekam Padi dan Uji Aktivitas pada Reaksi
Hidrolisis Minyak Kelapa Sawit
KRISMONALIA RIZKI, Tri Joko Raharjo, M.Si., Ph.D.; Dr. Deni Pranowo, M.Si.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



49 
 

 

Freire, G. D. M. dan Castilho, F. L., 2008, Lipases em Biocatálise. In: Bon dkk. 
(org). Enzimas em biotecnologia: Produção, Aplicação e Mercado, 
Interciência, Rio de Janeiro. 

Iler, R.K., 1976, The Chemistry of Silica - Solubility, Polymerization, Colloid and 
Surface Properties, and Biochemistry, John Wiley and Sons, Inc., New York. 

Iucci, G., Infante, G., Rossi, L., Polzonetti, G., Rosato, N., Avigliano, L., Savini, I., 
Catani, M.V., dan Palacios, A.C., 2004, Albumin Containing Sol-Gel 
Glasses: Chemical and Biological Study, J. Mater. Sci. Mater. Med., 15(5), 
601606. 

Iyagnagbe B., Otman, dan Mamat, 2012, A Critical Assessment and New Research 
Directions of Rice Husk Silica Processing Methods and Properties, Maejo Int. 
J. Sci. Technol., 6(3), 430-448. 

Jabbar, A., Ali, A., Tawab, A., Haque, A., dan Iqbal, M., 2014, Fatty Acid Profiling 
of Lipid Isolated from Indigenous Salmonella typhi Strain by Gas 
Chromatography-Mass Spectrometry, J. Chem. Soc. Pakistan, 36(1), 140–
149. 

Jegannathan, K.R. dan Abang, S., 2008, Production of Biodiesel Using 
Immobilized Lipase – A Critical Review, Cri. Rev. Biotechnol., 28(4), 253-
264.  

Kalapathy, U., Proctor, A., dan Shultz, J., 2000, A Simple Method for Production 
of Pure Silica from Rice Hull Ash, Bioresour. Technol., 73(3), 257-262. 

Kato, K., Gong, Y., Saito, T., dan Yokogawa, Y., 2001, Preparation and Catalytic 
Performance of Lipases Encapsulated in Sol-Gel Materials, Biosci. 
Biotechnol. Biochem., 66(1), 221–223. 

Kato, K., Lee, S., dan Nagata, F., 2020, Efficient Enzyme Encapsulation Inside Sol-
Gel Silica Sheets Prepared by Poly-L-Lysine as A Catalyst, J. Asian Ceram. 
Soc., 8(2), 1-11.  

Keppy, N.K. dan Allen, M.W., 2000, The Biuret Method for The Determination of 
Total Protein Using An Evolution Array 8-Position Cell Changer, Thermo 
Fish. Sci., Madison. 

Kirk, R.E. dan Othmer, 1984, Encyclopedia of Chemical Technology, Edisi ke-4, 
John Wiley and Sons, Inc.,  New York. 

Kurtovic, I., Marshall, S.N., Zhao, X., dan Simpson, B.K., 2009, Lipases from 
Mammals and Fishes, Rev. Fish. Sci., 17(1), 18–40. 

Larbi, K., 2010, Synthesis of High Purity Silicon from Rice Husk, Thesis, 
University of Toronto (CD), Canada.  

Enkapsulasi Enzim Lipase dalam Silika Gel dari Abu Sekam Padi dan Uji Aktivitas pada Reaksi
Hidrolisis Minyak Kelapa Sawit
KRISMONALIA RIZKI, Tri Joko Raharjo, M.Si., Ph.D.; Dr. Deni Pranowo, M.Si.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



50 
 

 

Mahargyani, W., Raharjo, T.J., dan Haryadi, W., 2017, Imobilisasi Lipase pada 
Kitosan Serbuk dengan Metode Pengikatan Silang dan Uji Aktivitas 
Transesterifikasinya, J. Kim. Pendidik. Kim., 2(2), 196-210. 

Mao, F. dan Milford, A.H., 1999, Biodiesel Production : A Review, Bio,Tech., 
70(1), 1-15. 

Mukherjee, K. D. dan Hills, M.J., 1994, Lipases: Their Structure, Biochemistry and 
Application, Cambridge University Press, Cambridge. 

Modenez, I.A., Sastre, D.E., Moares, F.C., dan Marques Netto, C.G.C., 2018, 
Influence of Glutaraldehyde Cross-Linking Modes on The Recyclability of 
Immobilized Lipase B. from Candida antarctica for Transesterification of Soy 
Bean Oil, Molecules, 23(9), 1-16. 

Moentamaria, D., Againa, G., Ridhawati, M.M., Chumaidi, A., dan Hendrawati, N., 
2016, Hidrolisis Minyak Kelapa dengan Lipase Terimobilisasi Zeolit pada 
Pembuatan Perisa Alami, J. Bahan Alam Terbarukan, 5(2), 84-91. 

Mohamed, R. M. Radwan, M. M. Abdel-Aziz, dan M. M. Khattab, 2010,  Electrical 
and Thermal Properties of γ-Irradiated Nitrile Rubber/Rice Husk Ash 
Composites,  J. Appl. Polym. Sci., 115(32), 1495-1502. 

Mokhtar, N.F., Raja Noor Zaliha, R.N.Z.R., Muhd Noor, N.D., Mohd Shariff, F., 
dan Ali, M.S.M., 2020, The Immobilization of Lipases on Porous Support by 
Adsorption and Hydrophobic Interaction Method, Catalysts, 10, 1–17. 

Morrison, W.R. dan Smith, L.M., 1964, Preparation of Fatty Acid Methyl Esters 
and Dimethylacetals from Lipids with Boron Fluoride-Methanol,  J. Lipid 
Res, 5, 600. 

Mujiayanti, D.R. , Nuryono, dan Kurnati, E.S., 2013, Sintesis dan Karakterisasi 
Silika Gel dari Abu Sekam Padi yang Diimobilisasi dengan 3-
(Trimetoksisilil)-1-Propantiol, J. Chem. Inf. Model., 53(9), 150–167. 

Nugraha, M.F.Z., 2018, Enkapsulasi Protein Bovine Serum Albumin (BSA) dalam 
Silika Gel dari Abu Sekam Padi dan Tetrametil Orto Silikat (TMOS) dengan 
Teknik Sol-Gel, Skripsi, Program Studi Kimia, Jurusan Kimia, FMIPA, 
UGM, Yogyakarta. 

Nuryono, Narsito, dan Astuti, E., 2008, Encapsulation of Horseradish Peroxidase-
Glucose Oxidase (HRP-GoX) in Silica Aquagel Synthesized from Rice Hull 
Ash for Enzymatic Reaction of Glucose, Indo. J. Chem., 8(2), 169-176. 

Praira, W., 2008, Identifikasi Gelatin dalam Beberapa Obat Bentuk Sediaan Tablet 
Menggunakan Metode Spektrofotometri, Skripsi, Program Studi Biokimia, 
FMIPA, IPB, Bogor. 

Enkapsulasi Enzim Lipase dalam Silika Gel dari Abu Sekam Padi dan Uji Aktivitas pada Reaksi
Hidrolisis Minyak Kelapa Sawit
KRISMONALIA RIZKI, Tri Joko Raharjo, M.Si., Ph.D.; Dr. Deni Pranowo, M.Si.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



51 
 

 

Pranowo, D., Nuryono, Agus, A., Jumina, Maryam, R., dan Setyabudi, F., 2017, 
Application of Silica Extracted from Rice Husk Ash for The Encapsulation 
of AFB1 Antibody as A Matrix in Immunoaffinity Columns, Mycotoxins JSM, 
67(2), 77–83. 

Putranto, V.H., Kusumastuti, E., dan Jumaeri, 2015, Pemanfaatan Zeolit dari Abu 
Sekam Padi dengan Aktivasi Asam untuk Penurunan Kesadahan Air, JMIPA, 
38(2), 150-159. 

Ravindran, R. dan Jaiswal, A.K., 2016, Exploitation of Food Industry Waste for 
High-Value Products, Trends Biotechnol.,34(1), 58–69. 

Robinson, P.K., 2015, Enzymes: Principles and Biotechnological Applications, 
Essays Biochem., 59, 1–41. 

Ronda, L., Bruno, S., Campanini, B., Mozzarelli, A., Abbruzzetti, S., dan 
Viappiani, C., 2015, Immobilization of Proteins in Silica Gel: Biochemical 
and Biophysical Properties, Curr. Org. Chem., 19(17), 1653-1668. 

Scott, R. P. W., 1993, Silica Gel and Bonded Phase, John Wiley and Sons Ltd., 
Chichester. 

Sebayang, F., 2006, Pengujian Stabilitas Enzim Bromelin yang Diisolasi dari 
Bonggol Nanas serta Imobilisasi Menggunakan Kappa Karagenan, J. Sains 
Kim., 10(1), 20-26. 

Shamel, M.M., Ramachandran, K.B., Hasan, M., dan Al-Zuhair, S., 2007, 
Hydrolysis of Palm and Olive Oils by Immobilized Lipase Using Hollow-
Fibre Reactor, Biochem. Eng. J., 34(3), 228–235. 

Simatupang, L., Siburian, R., Sitanggang, P., Doloksaribu, M., Situmorang, M., dan 
Marpaung, H., 2018, Synthesis and Application of Silica Gel Base on Mount 
Sinabung’s Fly Ash for Cd(II) Removal with Fixed Bed Column, Rasayan J. 
Chem., 11(2), 819–827. 

Soleh, M., 2014, Ekstrasi Silika dari Sekam Padi dengan Metode Pelarutan dan 
Pengendapan Silika serta Analisis EDX dan FTIR, Skripsi, Program Studi 
Fisika, IPB, Bogor. 

Sousa, J.S., Cavalcanti-Oliveira, E.D., Aranda, D.A.G., dan Freire, D.M.G., 2010, 
Application of Lipase from The Physic Nut (Jatropha curcas L.) to A New 
Hybrid (Enzyme/Chemical) Hydroesterification Process for Biodiesel 
Production, J. Mol. Catal. B Enzym., 65(1-4), 133–137. 

Sriyanti, 2017, Pengaruh Pemerangkapan Enzim Alkalin Fosfatase ke dalam Silika 
dari Abu Sekam Padi terhadap Aktivitas Enzimatiknya, J. Kim. Sains Apl., 
20(1), 42-47. 

Enkapsulasi Enzim Lipase dalam Silika Gel dari Abu Sekam Padi dan Uji Aktivitas pada Reaksi
Hidrolisis Minyak Kelapa Sawit
KRISMONALIA RIZKI, Tri Joko Raharjo, M.Si., Ph.D.; Dr. Deni Pranowo, M.Si.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



52 
 

 

Sriyanto dan Darwanta, 2017, Kajian Pengaruh Jenis Asam pada Pemurnian Abu 
Sekam Padi, J. Kim., 1(1), 30–33. 

Stamatis, A., Malandrinos, G., Loulodi, M., dan Hadjiliadis, N., 2007, New 
Perspectives on Thiamine Catalysis: From Enzymic to Biomimetic Catalysis, 
Bioinorg. Chem. Appl., 2007(7), 1-7. 

Tamer, T., Omer, A., dan Hassan, M., 2016, Methods of Enzyme Immobilization, 
Int. J. Curr. Pharm. Rev. Res., 7(6), 385–392. 

Tantrakulsiri, J., Jeyashoke, N., dan Krisanangkura, K., 1997, Utilization of Rice 
Hull Ash as A Support Material for Immobilization of Candida cylindracea 
Lipase, JAOCS, J. Am. Oil Chem. Soc., 74(2), 173–175. 

Tathe, A., Nikalje, A.P.G., dan Ghodke, M., 2011, Biocatalysis : A Brief  Review, 
Asian J. Research Chem., 4(9), 1355-1360. 

Thakur, S., 2012, Lipases, Its Sources, Properties and Applications: A Review, 
Int. J. Sci. Eng. Res, 3(7), 1–29. 

Villeneuve, P., 2003, Plant Lipases and Their Applications in Oils and Fats 
Modification, Eur. J. Lipid Sci. Technol., 105(6), 308. 

Villeneuve, P., Muderhwa, J.M., Graile, J., dan Haas, M.J., 2000, Customizing 
Lipases for Biocatalysis: A Survey of Chemical, Physical and Molecular 
Biological Approach, J. Mol. Cat. B: Enzymatic, 9(4-6), 113-148. 

Xu, X., 2003, Engineering of Enzymatic Reactions and Reactors for Lipid 
Modification and Synthesis, Eur. J. Lipid Sci. Technol., 105(6), 289-304. 

Xu, L., Ke, C., Huang, Y., dan Yan, Y., 2016, Immobilized Aspergillus niger Lipase 
with SiO2 Nanoparticles in Sol-Gel Materials, Catalysts, 6(10), 1–12. 

Wannapeera, J., Worasuwannarak, N., dan Pipatmanomai, S., 2008, Product 
Rendemens and Characteristics of Rice Husk, Rice Straw and Corncob 
During Fast Pyrolysis in A Drop-Tube/Fixed-Bed Reactor, J. Sci. Technol., 
30(3),393-404. 

Wirasnita, R., Hadibarata, T., Novelina, Y.M., Yusoff, A.R.M., dan Yusop, Z., 
2013, A Modified Methylation Method to Determine Fatty Acid Content by 
Gas Chromatography, Bull. Korean Chem. Soc., 34(11), 3239–3242. 

Yamamoto, K. dan Fujiwara, N., 1995, The Hydrolysis of Castor Oil Using A 
Lipase from Pseudomonas Sp. F-B-24: Positional and Substrate Specificity 
of The Enzyme and Optimum Reaction Conditions, Biosci. Biotechnol. 
Biochem, 59(7), 1262-1266. 

 

Enkapsulasi Enzim Lipase dalam Silika Gel dari Abu Sekam Padi dan Uji Aktivitas pada Reaksi
Hidrolisis Minyak Kelapa Sawit
KRISMONALIA RIZKI, Tri Joko Raharjo, M.Si., Ph.D.; Dr. Deni Pranowo, M.Si.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



53 
 

 

Zainalabidina, N., Sallehb, N.H.M., dan Arbainc, D., 2014, Immobilization of 
Lipase from Chromobacterium viscosum on Mesoporous MCM-41, 
Adv.Environ.Biol., 8(22), 65-68. 

Zarcula, C., Corîci, L., Croitoru, R., Ursoiu, A., dan Peter, F., 2010, Preparation 
and Properties of Xerogels Obtained by Ionic Liquid Incorporation During 
The Immobilization of Lipase by The Sol-Gel Method, J. Mol. Catal. B 
Enzym., 65(1-4), 79-86. 

Zhao, Z.Y., Liu, J., Hahn, M., Qiao, S., Middelberg, A.P.J., dan He, L., 2013, 
Encapsulation of Lipase in Mesoporous Silica Yolk-Shell Spheres with 
Enhanced Enzyme Stability, RSC Adv., 3(44), 22008–22013. 

Zhou, Z., Piepenbreier, F., Marthala, V.R.R., Karbacher, K., dan Hartmann, M., 
2015, Immobilization of Lipase in Cage-Type Mesoporous Organosilicas Via 
Covalent Bonding and Crosslinking, Catal. Today, 243, 173–183. 

 

Enkapsulasi Enzim Lipase dalam Silika Gel dari Abu Sekam Padi dan Uji Aktivitas pada Reaksi
Hidrolisis Minyak Kelapa Sawit
KRISMONALIA RIZKI, Tri Joko Raharjo, M.Si., Ph.D.; Dr. Deni Pranowo, M.Si.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/


