
44 
 

DAFTAR PUSTAKA 

 

Abadulla, E., T. Tzanov, S. Costa, K. H. Robra, A. Cavaco-Paulo, and G. M. Gubitz. 

2000. Decolorization and detoxification of textile dyes with laccase from 

Trametes hirsuta. Applied Environtmental Microbiology 66 (8): 3357-3362. 

Anonim. 2011. Peningkatan Struktur Industri Pulp dan Kertas di Indonesia. Siaran 

pers. Jakarta, Departemen Kehutanan Nomor: S. 23/PHM-1/2011. 

Beguin, P., N. R. Gilkes, D. G. Kilburn, R. C. Miller, Jr., G. P. O’Neill, and R. A. J. 

Warren.1987. Cloning of cellulase genes. Crit. Review Biotechnology 6:129–

162. 

Bernfeld, P.  and J. Wan. 1963. Antigens and enzymes made insoluble by entraping 

them into lattices of synthetic polymers. Journal Science 142 (3593): 678-679. 

Billings, R. M. and G.G. Haas. 1971. The Pulp and Paper Industry Pollution Control. 

McGraw-Hill, New York 

Bobbie, J. and J. M. Leatherwood. 1976. Synthesis of cellulose by Cellulomonas. 

Journal Bacteriology 128: 609-615. 

Breed, R. S., E. G. D. Murray, and A. P. Hitchens. 1948. Bergey’s Manual of 

Determinative Bacteriology Sixth Edition. The Williams and Wilkins Company, 

USA. 

Brena, B. M. and F. B. Viera. 2006. Methods in Biotechnology: Immobilization of 

Enzymes and Cells, Second Edition. Humana Press Inc., Totowa, NJ. 

Brisse, S., F. Grimont, and P. A.D.Grimont. 2006. The Genus Klebsiella. Prokaryotes 

6: 159–196. 

Cass, A.E. G. 1990. Biosensor: A Practical Approach. IRL Press, Oxford. 

Chibata, I.  1978. Immobilized Enzyme. Kodanska, Tokyo. 

Duncan, D. W. and W.E. Razzell. 1972. Klebsiella biotype among coliforms isolated 

from forest environment andfarm produce. Applied Microbiology 24: 933–938. 

Ekinci, M. S., N. Ozcan, E. Ozkose, and H. J. Flint. 2001. A study on cellulolytic and 

hemicellulolytic enzymes of anaerobicrumen bacterium Ruminococcus 

flavefaciens strain 17. Turkey Journal Veterinary Animal Science 25: 703-709. 

Gulay. S. 2009. Immobilization of thermophilic recombinant esterase enzyme by 

entrapment in coated ca-alginate beads. Thesis. 

BIOREMEDIASI LIMBAH CAIR INDUSTRI KERTAS MENGGUNAKAN IMOBILISASI ENZIM KASAR DAN
SEL BAKTERI DENGAN
KALSIUM ALGINAT
SONIA YUKE MAHARDHIKA, Prof. Dr. Ir. Erni Martani, Prof. Ir. Triwibowo Yuwono, Ph.D
Universitas Gadjah Mada, 2015 | Diunduh dari http://etd.repository.ugm.ac.id/



45 
 

Haryoto dan S. W. Ahmad. 2007. Tingkat toksisitas limbah cair pulp dan kertas PT. 

Blabak Magelang pengaruhnya terhadap pertumbuhan dan kadar protein biji 

tanaman kacang merah (Phaseolus vulgaris L.). MIPA (17) 1: 10 – 16. 

Hatakka A. 2001. Biodegradation of lignin. In Hofrichter M. and Steinbuchel A. eds 

Lignin, humic substances and coal 1:129 - 180. 

Higuchi, T. 1980. Lignin Structure and Morphological Distribution in Plant Cell 

Wall. Lignin Biodegradation, Microbiology, Chemistry, and Potential 

Application Vol 1. CRC press, Florida. 

Howard, R.L., E. Abotsi, E.L. J. Van Rensburg, and S. Howard. 2003. Lignocellulose 

biotechnology: issues of bioconversion and enzyme production. African Journal 

Biotechnology 2 (12): 602-619. 

Howard, R.L., P. Masoko, and E. Abotsi. 2003. Enzyme activity of Phanerochaete 

chrysosporium Cellobiohydrolase (CBHI.1) expressed as a heterologous 

protein from Escherichia coli. African Journal Biotechnology 2 (9): 296-300. 

Holker, U., M. Hofer, and J. Lenz. 2004. Biotechnological advantages of laboratory 

scale solid state fermentation with fungi. Applied Microbiology Biotechnology 

64: 175–86. 

Irfan, M., A. Safdar, Q. Syed, and M. Nadeem. 2012. Isolation and screening of 

cellulolytic bacteria from soil and optimization of cellulase production and 

activity. Turkish Journal of Biochemistry 37 (3): 287–293. 

Janda, J. M. and S. L. Abbott. 2006. The Genera Klebsiella and Raoultella. The 

Enterobacteria 2nd edition. ASM Press, USA. 

Kennedy, J. F. and M. G. Roig. 1995. Principles of Immobilization of Enzymes. 

Handbook of Enzyme Biotechnology Third edition Ellis Horwood Series in  

Biochemistry and Biotechnology. Prentice Hall, London. 

Kierstan, M. P.  J., and M. P. Coughlan. 1985. Immobilization of Cells and Enzymes 

by Gel Entrapment. IRL press, Oxford. 

Kluepfel, D. 1988. Screening of prokaryotes for cellulose and hemicelluloses 

degrading enzymes. Methods Enzymology 160: 180-186. 

Kristaufan, J. P., S. Purwati, Y. Setiawan. 2010. Pengolahan air limbah industri kertas 

karton dengan Up-Flow Anaerobic Sludge Blanket (UASB) dan lumpur aktif. 

Berita Selulosa 45 (1): 22 – 31. 

Lagier, J. C., D. Ramasamy, R. Rivet, D. Raoult, and P. E. Fournier. 2012. Non 

contiguous-finished genome sequence and description of Cellulomonas 

Massiliensis sp. nov. Standards in Genomic Sciences 7: 258-270. 

BIOREMEDIASI LIMBAH CAIR INDUSTRI KERTAS MENGGUNAKAN IMOBILISASI ENZIM KASAR DAN
SEL BAKTERI DENGAN
KALSIUM ALGINAT
SONIA YUKE MAHARDHIKA, Prof. Dr. Ir. Erni Martani, Prof. Ir. Triwibowo Yuwono, Ph.D
Universitas Gadjah Mada, 2015 | Diunduh dari http://etd.repository.ugm.ac.id/



46 
 

Lynd, L. R., P.  J. Weimer, W. H. Van Zyl and I. S. Pretorius. 2002. Microbial 

cellulose  utilization: fundamentals  and  biotechnology.  Microbiology Review 

66 (3). 

Martani, E., Nurhaedar, dan S. Margino. 2003. Isolasi dan karakterisasi bakteri 

pendegradasi lignin dari beberapa substrat alami. Gama Sains 5: 97- 107. 

McDermid, K. P., C. R. MacKenzie, and C. W. Forsberg. 1990. Esterase activities of 

Fibrobacter succinogenes subsp. Succinogenes S85. Applied Environmental 

Microbiology 56: 127-132. 

Ohara, O., S. Karita, T. Kimura, K. Sakka, and K. Ohmiya. 1998. Cellulase complex 

from Ruminococcus albus. Annual Report of International Center for 

Biotechnology 21: 358 – 369. 

Orskov, I. and F. Orskov. 1984. Serotyping of Klebsiella. Meth Microbiology 14: 

143–164. 

Otajevwo, F. D. and H. S. A. Aluyi. 2010. Cultural conditions necessary for optimal 

cellulase yield by cellulolytic bacterial organisms as they relate to residual 

sugars released in broth medium. Nigerian Journal Microbiology 24 (1): 2168 – 

2182. 

Palmer, T. 1991. Understanding Enzymes Third Edition. Ellis Horwood, New York. 

Panjaitan, T. H. 1982. Limbah Industri dan Pengaruh Pencemarannya terhadap Usaha 

Perikanan Budidaya.Sub Direktorat Perlindungan Lingkungan. Direktorat Bina 

Sumber Hayati. Dirjen Perikanan. Jakarta. 

Perez, J., J. Munoz-Dorado, T. De La Rubia, and J. Martinez. 2002. Biodegradation 

and biological treatments of cellulose, hemicelluloses, and lignin: an overview. 

International Microbiology 5: 53-63. 

Purwati, S. 1991. Pencegahan dan Penanggulangan Pencemaran Lingkungan akibat 

Industri Pulp dan Kertas. Pusbinlat Departemen Perindustrian RI. 

Ristoph, D. L. and A. E. Humprey. 1985. Kinetic characterization of the extracellular 

xylanases of Thermonospora sp. Biotechnology Bioengineering 27: 832-836. 

Saleh, A., M. M. D. Pakpahan, dan N. Angelina. 2009. Pengaruh Konsentrasi Pelarut, 

Temperatur, dan Waktu Pemasakan pada Pembuatan Pulp dari Sabut Kelapa 

Muda. Jurnal Teknik Kimia 3 (16). 

Sebayang, F. 2006. Imobilisasi enzim papain dari getah papaya dengan alginat. 

Jurnal Komunikasi Penelitian 18 (2). 

Shuler, M. L. and F. Kargi. 1992. Bioprocess Engineering: Basic Concepts. Prentice-

Hall International, Inc., New Jersey. 

BIOREMEDIASI LIMBAH CAIR INDUSTRI KERTAS MENGGUNAKAN IMOBILISASI ENZIM KASAR DAN
SEL BAKTERI DENGAN
KALSIUM ALGINAT
SONIA YUKE MAHARDHIKA, Prof. Dr. Ir. Erni Martani, Prof. Ir. Triwibowo Yuwono, Ph.D
Universitas Gadjah Mada, 2015 | Diunduh dari http://etd.repository.ugm.ac.id/



47 
 

Simpson, H. D., U. R. Haufler, and R. M. Daniel. 1991. An extremely thermostable 

xylanase from the thermophilic Eubacterium thermatoga. Biochemical Journal 

227: 413-417. 

Stackerbrandt, E., C. Koch, and O. Gvozdiak. 1995. Taxonomic dissection of the  

genus  Micrococcus: Kocuria gen nov., Nesterenkonia gen nov., Kytococcus 

gen nov., Dermacoccus gen nov., and Micrococcus. International Journal 

Bacteriology 45. 

Steffen, K.T. 2003. Degradation of recalcitrant biopolymers and polycyclic aromatic 

hydrocarbons by litter-decomposing Basidiomycetous fungi. Disertasi. Division 

of Microbiology Department of Applied Chemistry and Microbiology, Viikki 

Biocenter, University of Helsinki. 

Suhartono. M. T. 1989. Enzim dan Bioteknologi. Departemen Pendidikan dan 

Kebudayaan. Direktorat Jenderal Pendidikan Tinggi Antar Universitas 

Bioteknologi. Institut Pertanian Bogor, Bogor. 

Swaisgood, H. E. 1985. Enzymes and Immobilized Cells in Biotechnology. Benjamin 

Cummings, London. 

Taherzadeh, M.J. 1999. Ethanol from lignocellulose: physiological effects of 

inhibitors and fermentation strategies. Thesis. Department of Chemical 

Reaction Engineering. Chalmers University of Technology, Sweden. 

Wetterling, J. 2012. Modelling of hemicellulose degradation during softwood kraft 

pulping. Master of Science Thesis. Department of Chemical and Biological  

Engineering. Chalmers University of  Technology, Sweden. 

Yin, L. J., P. S. Huang, and H. H. Lin. 2010. Isolation of cellulase producing bacteria 

and characterization of the cellulase from the isolated bacterium Cellulomonas 

Sp. YJ5. Journal Agricultural Food Chemical 58: 9833–9837. 

 

 

  

BIOREMEDIASI LIMBAH CAIR INDUSTRI KERTAS MENGGUNAKAN IMOBILISASI ENZIM KASAR DAN
SEL BAKTERI DENGAN
KALSIUM ALGINAT
SONIA YUKE MAHARDHIKA, Prof. Dr. Ir. Erni Martani, Prof. Ir. Triwibowo Yuwono, Ph.D
Universitas Gadjah Mada, 2015 | Diunduh dari http://etd.repository.ugm.ac.id/


	COVER
	LEMBAR PENGESAHAN
	HALAMAN PERNYATAAN
	KATA PENGANTAR
	DAFTAR ISI
	DAFTAR TABEL
	DAFTAR GAMBAR 
	DAFTAR LAMPIRAN
	Intisari 
	Abstract
	I. PENDAHULUAN
	1. Latar Belakang 
	2. Tujuan Penelitian 
	3. Manfaat Penelitian 

	II. TINJAUAN PUSTAKA
	1. Industri Kertas dan Limbahnya 
	2. Bioremediasi dan Biodegradasi Limbah Industri Kertas 
	3. Bioremediasi Limbah dengan Imobilisasi Enzim dan Sel 

	III. METODE PENELITIAN 
	1. Tempat Penelitian
	2. Alat dan Bahan Penelitian 
	2.1 Alat
	2.2 Bahan

	3. Cara Kerja
	3.1 Pengambilan dan analisis sampel limbah 
	3.2 Pemurnian dan seleksi kultur bakteri 
	3.3 Uji kemampuan selulolitik bakteri secara kualitatif 
	3.4 Pembuatan imobilisasi enzim dan sel 
	3. 5 Uji bioremediasi limbah cair industri kertas 
	3.6 Identifikasi bakteri unggul 


	IV. HASIL DAN PEMBAHASAN 
	1. Pengambilan dan Analisis Sampel Limbah
	2. Kultur Bakteri dan Seleksi Bakteri Unggul 
	3. Produksi Sel Bakteri dan Sintesis Enzim Lignolitik
	4. Pembuatan Imobilisasi Sel dan Enzim Kasar 
	5. Uji Remediasi Limbah dengan Imobilisasi Enzim Kasar dan Sel Bakteri 
	5.1 Penurunan kekeruhan limbah cair industri kertas 
	5.2 Analisis kimia residu selulosa dan hemiselulosa 

	6. Identifikasi Bakteri Unggul 

	V. KESIMPULAN DAN SARAN
	1. Kesimpulan
	2. Saran 

	DAFTAR PUSTAKA
	LAMPIRAN
	Lampiran 1. Komposisi medium
	Lampiran 2. Data diameter koloni dan diameter zona bening pada medium lignolitik dan medium seluloitik. 
	Lampiran 3. Data kandungan hemiselulosa dan selulosa setelah aplikasi beads. 
	Lampiran 4. Data absorbansi penurunan kekeruhan limbah kertas aplikasi imobilisasi enzim kasar dan sel bakteri. 
	Lampiran 5. Persentase penurunan kekeruhan limbah kertas berdasarkan data absorbansi. 
	Lampiran 6. Uji statistik menggunakan metode anova faktorial dengan perulangan. 
	Lampiran 7. Foto limbah selama pangamatan penurunan kekeruhan.
	Lampiran 8. Foto identifikasi bakteri unggul.


