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Weinheim: Wiley-VCH. 

Ahlkvist, J. dkk (2016) “Heterogeneously catalyzed conversion of nordic pulp to levulinic 

and formic acids,” hal. 415–427. doi:10.1007/s11144-016-1069-7. 

Asghari, F.S. dan Yoshida, H. (2007) “Kinetics of the decomposition of fructose 

catalyzed by hydrochloric acid in subcritical water: Formation of 5-

hydroxymethylfurfural, levulinic, and formic acids,” Industrial and Engineering 

Chemistry Research, 46(23), hal. 7703–7710. doi:10.1021/ie061673e. 

Asim, M. dkk (2015) “A review on pineapple leaves fibre and its composites,” 

International Journal of Polymer Science, 2015(April). 

doi:10.1155/2015/950567. 

Badan Pusat Statistik (2021) Luas Panen dan Produksi Padi di Indonesia 2021 (Angka 

Sementara), Berita Resmi Statistik. Jakarta. 

Beguin, P. dan Aubert, J.P. (1994) “The biological degradation of cellulose,” FEMS 

Microbiology Reviews, 13, hal. 25–58. 

Bozell, J.J. dkk (2000) “Production of Levulinic Acid and Use as a Platform Chemical 

for Derived Products,” hal. 685–699. 

Bozell, J.J. dan Petersen, G.R. (2010) “Technology development for the production of 

biobased products from biorefinery carbohydrates—the US Department of 

Energy’s ‘top 10’ revisited,” Green Chemistry, 12(4), hal. 539–55. 

doi:10.1039/b922014c. 

EFEK PERLAKUAN AWAL DELIGNIFIKASI, JENIS DAN KONSENTRASI KATALIS PADA PEMBUATAN
ASAM LEVULINAT DARI
SEKAM PADI
ALIEN ABI BIANASARI, Ir. Muslikhin Hidayat, S.T., M.T., Ph.D., IPU; Prof. Dr. Eng. Ir. Arief Budiman, M.S., IPU.
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



 

59 

 

Chambon, F. dkk (2011) “Applied Catalysis B : Environmental Cellulose hydrothermal 

conversion promoted by heterogeneous Brønsted and Lewis acids : Remarkable 

efficiency of solid Lewis acids to produce lactic acid,” “Applied Catalysis B, 

Environmental,” 105(1–2), hal. 171–181. doi:10.1016/j.apcatb.2011.04.009. 

Chen, H. dkk (2011) “Production of levulinic acid from steam exploded rice straw via 

solid superacid, S2O82-/ZrO2-SiO2-Sm2O3,” Bioresource Technology, 102(3), 

hal. 3568–3570. doi:10.1016/j.biortech.2010.10.018. 

Chen, Y. dkk (2011) “Mn/ZSM-5 participation in the degradation of cellulose under 

phosphoric acid media,” Polymer Degradation and Stability, 96(5), hal. 863–869. 

doi:10.1016/j.polymdegradstab.2011.02.007. 

Corma, A. dkk (2010) “Processing biomass-derived oxygenates in the oil refinery : 

Catalytic cracking ( FCC ) reaction pathways and role of catalyst,” 247(2007), hal. 

307–327. doi:10.1016/j.jcat.2007.01.023. 

DP Clean Tech. (2008) “Understanding Rice Husk as a Biomass Fuel,” hal. 1–8. Tersedia 

pada: https://www.dpcleantech.com/files/Understanding-rice-husk-as-a-biomass-

fuel-EN-V1-2013.9.4.pdf. 

Dunlop, A.P. dkk (1954) “Preparation of Succinic acid.” UNITED STATES. 

Dussan, K. dkk (2013) “Kinetics of levulinic acid and furfural production from 

Miscanthus×giganteus,” Bioresource Technology, 149, hal. 216–224. 

doi:10.1016/j.biortech.2013.09.006. 

Elliott, D.C. dan Frye, J.G. (1999) “Hydrogenated 5-carbon compound and method of 

making, US Patent 5883266.” United States. 

Fang, Q. dan Hanna, M.A. (2002) “Experimental studies for levulinic acid production 

from whole kernel grain sorghum,” Bioresource Technology, 81(3), hal. 187–92. 

Farone, W.A. (1999) “Method for the production of levulinic acid and its derivatives,” 

U.S. Patent 5,892,107. 

Fitzpatrick, S.W. (1997) “PRODUCTION OF LEVULINIC ACID FROM 

CARBOHYDRATE-CONTAINING MATERLALS.” 

Food and Agriculture Organization (2022) FAOSTAT - Crops and livestock products data 

in 2020. Tersedia pada: https://www.fao.org/faostat/en/#data/QCL. 

Frankiewicz, A. (2016) “Overview of 4-oxopentanoic (levulinic) acid production 

methods - an intermediate in the biorefinery process,” Chemik, 70(4), hal. 206–

208. 

Girisuta, B. dkk (2006) “A kinetic study on the decomposition of 5-

hydroxymethylfurfural into levulinic acid,” Green Chemistry, hal. 701–709. 

doi:10.1039/b518176c. 

Girisuta, B. (2007) Levulinic Acid from Lignocellulosic Biomass, ACS Catalysis. 

doi:10.1038/ncomms7540. 

EFEK PERLAKUAN AWAL DELIGNIFIKASI, JENIS DAN KONSENTRASI KATALIS PADA PEMBUATAN
ASAM LEVULINAT DARI
SEKAM PADI
ALIEN ABI BIANASARI, Ir. Muslikhin Hidayat, S.T., M.T., Ph.D., IPU; Prof. Dr. Eng. Ir. Arief Budiman, M.S., IPU.
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



 

60 

 

Girisuta, B. dkk (2008) “Experimental and kinetic modelling studies on the acid-catalysed 

hydrolysis of the water hyacinth plant to levulinic acid,” Bioresource Technology, 

99(17), hal. 8367–8375. doi:10.1016/j.biortech.2008.02.045. 

Haryata, Y. (2019) Minyak Bumi Membuat Dunia Terkesima. Jakarta: Penerbit Duta. 

Hegner, J. dkk (2010) “Conversion of cellulose to glucose and levulinic acid via solid-

supported acid catalysis,” Tetrahedron Letters, 51(17), hal. 2356–2358. 

doi:10.1016/j.tetlet.2010.02.138. 

Hendriks, A.T.W.M. dan Zeeman, G. (2009) “Pretreatments to enhance the digestibility 

of lignocellulosic biomass,” Bioresource Technology, 100(1), hal. 10–18. 

doi:10.1016/j.biortech.2008.05.027. 

Hossain, M. (1997) “Rice supply and demand in Asia: a socioeconomic and biophysical 

analysis,” hal. 263–279. doi:10.1007/978-94-011-5416-1_20. 

Huber, G.W. dkk (2006) “Synthesis of transportation fuels from biomass: Chemistry, 

catalysts, and engineering,” Chemical Reviews, 106(9), hal. 4044–4098. 

doi:10.1021/cr068360d. 

International Rice Research Institute (2022) Rice productivity - Ricepedia. Los Baños. 

Tersedia pada: https://ricepedia.org/rice-as-a-crop/rice-productivity (Diakses: 28 

Februari 2022). 

Ismail, F. dkk (2019) “Catalytic production of levulinic acid from matured coconut 

water,” IOP Conference Series: Materials Science and Engineering, 702(1). 

doi:10.1088/1757-899X/702/1/012010. 

Jawaid, M. dan Abdul Khalil, H.P.S. (2011) “Cellulosic/synthetic fibre reinforced 

polymer hybrid composites: A review,” Carbohydrate Polymers, 86(1), hal. 1–18. 

doi:10.1016/j.carbpol.2011.04.043. 

Jeevan, P. dkk (2011) “Optimization studies on acid hydrolysis of Corn cob 

hemicellulosic hydrolysate for Microbial production of xylitol,” Journal of 

Microbiology and Biotechnology Research, 1(4), hal. 114–123. 

Kádár, Z. dkk (2015) “Enhanced ethanol production by removal of cutin and epicuticular 

waxes of wheat straw by plasma assisted pretreatment,” Biomass and Bioenergy, 

81, hal. 26–30. doi:10.1016/j.biombioe.2015.05.012. 

Kamm, B. dkk (2006) Biorefineries - Industrial Processes and Products: Status Quo and 

Future Directions, Biorefinery Systems - An Overview. Weinheim: Wiley-VCH. 

Kang, S. dkk (2018) “From lignocellulosic biomass to levulinic acid: A review on acid-

catalyzed hydrolysis,” Renewable and Sustainable Energy Reviews, 94(June), hal. 

340–362. doi:10.1016/j.rser.2018.06.016. 

Kimia, P.T.S.D. dan I. (2017) Gasifikasi Limbah Biomasa untuk Produksi Bahan Bakar 

Pengganti Migas. Tersedia pada: https://ptseik.bppt.go.id/berita-ptseik/25-

gasifikasi-limbah-biomasa-untuk-produksi-bahan-bakar-pengganti-migas. 

EFEK PERLAKUAN AWAL DELIGNIFIKASI, JENIS DAN KONSENTRASI KATALIS PADA PEMBUATAN
ASAM LEVULINAT DARI
SEKAM PADI
ALIEN ABI BIANASARI, Ir. Muslikhin Hidayat, S.T., M.T., Ph.D., IPU; Prof. Dr. Eng. Ir. Arief Budiman, M.S., IPU.
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



 

61 

 

Kiss, A.A. dkk (2006) “Solid acid catalysts for biodiesel production - Towards 

sustainable energy,” Advanced Synthesis and Catalysis, hal. 75–81. 

doi:10.1002/adsc.200505160. 

Kuhad, R.C. dkk (1997) “Microorganisms and enzymes involved in the degradation of 

plant fiber cell walls,” AdV. Biochem. Eng./Biotechnol, 57, hal. 45–125. 

Kumar, P. dkk (2009) “Methods for pretreatment of lignocellulosic biomass for efficient 

hydrolysis and biofuel production,” Industrial and Engineering Chemistry 

Research, 48(8), hal. 3713–3729. doi:10.1021/ie801542g. 

Kumar, S. dkk (2018) “Improved levulinic acid production from agri-residue biomass in 

biphasic solvent system through synergistic catalytic effect of acid and products,” 

Bioresource Technology, 251(October 2017), hal. 143–150. 

doi:10.1016/j.biortech.2017.12.033. 

Lestari, D.Y. (2012) “PEMILIHAN KATALIS YANG IDEAL,” Prosiding Seminar 

Nasional Penelitian, Pendidikan dan Penerapan MIPA, Fakultas MIPA, 

Universitas Negeri Yogyakarta, 2 Juni 2012, hal. 1–6. 

Liang, C. dkk (2018) “Production of levulinic acid from corn cob residue in a fed-batch 

acid hydrolysis process,” Process Biochemistry, 73(August), hal. 124–131. 

doi:10.1016/j.procbio.2018.08.002. 

Liu, W.J. dkk (2019) “Emerging applications of biochar-based materials for energy 

storage and conversion,” Energy & Environmental Science [Preprint], (6). 

Manzer, L.E. dan Herkes, F.E. (2005) “PRODUCTION OF 5-METHYL-1- 

HYDROCARBYL-2-PYRROLIDONE BY REDUCTIVE AMINATION OF 

LEVULINC ACID.” United States. 

Moens, L. (1999) “SYNTHESIS OF ANACIDADDITION SALT OF DELTA-

AMINOLEVULINIC ACID FROM 5-BROMO LEVULINIC ACID ESTERS,” 

United States Patent 4880878. 

Mostofa, K.M.G. dkk (2013) Photoinduced Generation of Hydroxyl Radical in Natural 

Waters, Environmental Science and Engineering. doi:10.1007/978-3-642-32223-

5_3. 

Mukherjee, A. dan Raghavan, V. (2014) “Review : Sustainable production of 

hydroxymethylfurfural and levulinic acid : Challenges and opportunities,” 2. 

doi:10.1016/j.biombioe.2014.11.007. 

Muthayya, S. dkk (2014) “An overview of global rice production, supply, trade, and 

consumption,” Annals of the New York Academy of Sciences, 1324(1), hal. 7–14. 

doi:10.1111/nyas.12540. 

Novitasari, I. dkk (2019) “Effect of rice husk pretreatment on the conversion of cellulose 

to levulinic acid over the Mn3O4/ZSM-5 catalyst,” IOP Conference Series: 

Materials Science and Engineering, 496(1). doi:10.1088/1757-

899X/496/1/012014. 

EFEK PERLAKUAN AWAL DELIGNIFIKASI, JENIS DAN KONSENTRASI KATALIS PADA PEMBUATAN
ASAM LEVULINAT DARI
SEKAM PADI
ALIEN ABI BIANASARI, Ir. Muslikhin Hidayat, S.T., M.T., Ph.D., IPU; Prof. Dr. Eng. Ir. Arief Budiman, M.S., IPU.
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



 

62 

 

Nurani, D.A. dkk (2020) “Conversion of cellulose from sweet sorghum (Sorghum 

bicolor) bagasse to levulinic acid over hierarchical Mn/ZSM-5 heterogeneous 

catalyst,” IOP Conference Series: Materials Science and Engineering, 763(1). 

doi:10.1088/1757-899X/763/1/012043. 

Payen, A. (1838) “Mémoire sur la composition du tissu propre des plantes et du ligneux,” 

Comptes Rendus, 7, hal. 1052–1056, 1838. 

Pérez, J. dkk (2002) “Biodegradation and biological treatments of cellulose, 

hemicellulose and lignin: An overview,” International Microbiology, 5(2), hal. 

53–63. doi:10.1007/s10123-002-0062-3. 

Pratama, A.P. dkk (2020) “Levulinic acid production from delignified rice husk waste 

over manganese catalysts: Heterogeneous versus homogeneous,” Catalysts, 10(3). 

doi:10.3390/catal10030327. 

Purcell, D.E. dkk (2005) “A chemometrics investigation of sugarcane plant properties 

based on the molecular composition of epicuticular wax,” Chemometrics and 

Intelligent Laboratory Systems, 76(2), hal. 135–147. 

doi:10.1016/j.chemolab.2004.10.004. 

Ragauskas, A.J. dkk (2006) “The path forward for biofuels and biomaterials,” Science, 

311(5760), hal. 484–489. doi:10.1126/science.1114736. 

Rahayu, D.U.C. dkk (2020) “Oil palm empty fruit bunch (OPEFB) (Elaeis guineensis 

Jacq.) cellulose conversion into levulinic acid using hierarchical Mn/ZSM-5 

heterogeneous catalyst,” IOP Conference Series: Materials Science and 

Engineering, 763(1), hal. 6–11. doi:10.1088/1757-899X/763/1/012034. 

Rieke, R.D., Thakur, D., Roberts, B., and White, T. (1997) “Fatty methyl ester 

hydrogenation to fatty alcohol part II : Process issues,” JAOCS, Journal of the 

American Oil Chemists’ Society, 74(4), hal. 341–345. doi:10.1007/s11746-997-

0089-x. 

Santos, L. dkk (2021) “Alternatives for the Production of Levulinic Acid Obtained From 

Biomass,” Química Nova, X(00), hal. 1–11. doi:10.21577/0100-4042.20170773. 

Simpson, A.J. dkk (2007) “Unraveling the Structural Components of Soil Humin by Use 

of Solution-State Nuclear Magnetic Resonance Spectroscopy,” Environmental 

Science & Technology, 41(3), hal. 876–883. 

doi:https://doi.org/10.1021/es061576c. 

Sitting, M. (1991) Handbook of Toxic and Hazardous Chemicals and Carcinogens 

Volume I A-F. New Jersey: Noyes Publication. 

Soltani, N. dkk (2015) “Review on the physicochemical treatments of rice husk for 

production of advanced materials,” CHEMICAL ENGINEERING JOURNAL, 

264, hal. 899–935. doi:10.1016/j.cej.2014.11.056. 

Sun, R. dkk (1995) “Influence of alkaline pre-treatments on the cell wall components of 

wheat straw,” Industrial Crops and Products, 4(2), hal. 127–145. 

doi:https://doi.org/10.1016/0926-6690(95)00025-8. 

EFEK PERLAKUAN AWAL DELIGNIFIKASI, JENIS DAN KONSENTRASI KATALIS PADA PEMBUATAN
ASAM LEVULINAT DARI
SEKAM PADI
ALIEN ABI BIANASARI, Ir. Muslikhin Hidayat, S.T., M.T., Ph.D., IPU; Prof. Dr. Eng. Ir. Arief Budiman, M.S., IPU.
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



 

63 

 

Sweygers, N. dkk (2020) “Simultaneous production of 5-hydroxymethylfurfural and 

furfural from bamboo (Phyllostachys nigra ‘Boryana’) in a biphasic reaction 

system,” Chemical Engineering Journal, 386(October 2019), hal. 123957. 

doi:10.1016/j.cej.2019.123957. 

Taherzadeh, M.J. dan Karimi, K. (2008) Pretreatment of lignocellulosic wastes to 

improve ethanol and biogas production: A review, International Journal of 

Molecular Sciences. doi:10.3390/ijms9091621. 

Tarabanko, V.E. dkk (2002) “KINETICS OF LEVULINIC ACID FORMATION FROM 

CARBOHYDRATES AT MODERATE TEMPERATURES,” Carbohydrates, 

75(1), hal. 117–126. 

U.S. Department of Energy (2015) Biomass Basics: The Facts About Bioenergy. Tersedia 

pada: https://www.energy.gov/sites/prod/files/2015/07/f24/biomass_basics.pdf. 

U.S. Department of Energy Biomass Program (2022) Biomass Program: Biomass Basic, 

Energy Efficiency and Renewable Energy (EERE). Tersedia pada: 

https://www.energy.gov/eere/bioenergy/downloads/us-department-energy-

biomass-progr (Diakses: 26 Februari 2022). 

Wang, L. dkk (2010) “Hierarchical mesoporous zeolites with controllable mesoporosity 

templated from cationic polymers,” Microporous and Mesoporous Materials, 

131(1–3), hal. 58–67. doi:10.1016/j.micromeso.2009.12.001. 

Watson, L.J. dan Connors, C.G. (2008) “Furfural - A value adding opportunity for the 

Australian sugar industry,” Proceedings of Australian Society of Sugar Cane 

Technologists, 30, hal. 429–436. 

Weingarten, R. dkk (2013) “Conversion of glucose into levulinic acid with solid 

metal(IV) phosphate catalysts,” Journal of Catalysis, 304, hal. 123–134. 

doi:10.1016/j.jcat.2013.03.023. 

Yan, L. dkk (2008) “Production of levulinic acid from bagasse and paddy straw by 

liquefaction in the presence of hydrochloride acid,” Clean - Soil, Air, Water, 

36(2), hal. 158–163. doi:10.1002/clen.200700100. 

Zhang, J. dkk (2019) “A comparative study of MFI zeolite derived from different silica 

sources: Synthesis, characterization and catalytic performance,” Catalysts, 9(1). 

doi:10.3390/catal9010013. 

Zhang, X. dkk (2019) “High production of levulinic acid from cellulosic feedstocks being 

catalyzed by temperature-responsive transition metal substituted 

heteropolyacids,” Renewable Energy, 141, hal. 802–813. 

doi:10.1016/j.renene.2019.04.058. 

Zoebelein, H. (2001) Dictionary of Renewable Resources. 2 ed. Diedit oleh V. Böllert. 
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