Kakr)akteristikIFisikokimia, FTIR, dan A’H NMR Biodiesel dari Lemak Sapi Lokal Menggunakan NaOH
sebagai Katalis
HARYO HARI WIBOWO, Dr. Ir. Mohammad Zainal Abidin, S.Pt., M.Biotech., IPM.; Prof. Ir. Nanung Agus Fitriyanto, ¢

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

DAFTAR PUSTAKA

Alptekin, E. & M. Canakci. 2008. Determination of the density and the viscosities
of biodiesel—diesel fuel blends. Renew. Energ. 33(12):2623-2630.

Atabani, A. E., A. S. Silitonga, H. C. Ong, T. M. |. Mahlia, H. H. Masjuki, |. A.
Badruddin, & H. Fayaz. 2013. Non-edible vegetable oils: A critical evaluation
of oil extraction, fatty acid compositions, biodiesel production, characteristics,
engine performance and emissions production. Renew. Sustain. Energ. Rev.
16(1):207-221.

Atabani, A. E., A. S. Silitonga, I. A. Badruddin, T. M. |. Mahlia, H. H. Masjuki, & S.
Mekhilef. 2013. A comprehensive review on biodiesel as an alternative energy
resource and its characteristics. Renew. Sustain. Energ. Rev. 16(4):2070-
2093.

Atadashi, I. M., M. K. Aroua, A. R.A.Aziz, & M. N. M. Sulaiman. 2011. The effects
of catalysts in biodiesel production: A review. J. Ind. Eng. Chem. 17(3):371-
376.

Atadashi, I. M., M. K. Aroua, & A. A. Aziz. 2010. High quality biodiesel and its diesel
engine application: A review. Renew. Sustain. Energ. Rev. 14 (7):1999-2008.

Badan Pusat Statistik (BPS). 2024. Jumlah Ternak yang dipotong di RPH/TPH
menurut Provinsi dan Jenis Ternak (Ekor), 2024. Badan Pusat Statistik.
Jakarta: BPS. https://www.bps.go.id/id/statistics-table/2/M|EQIzl=/jumlah-
ternak-yang-dipotong-di-rumah-potong-hewan-rph-menurut-provinsi-dan-
jenis-ternak.html. Diakses tanggal 28 September 2025.

Badan Pusat Statistik (BPS). 2024. Statistik Kelapa Sawit Indonesia 2023. Jakarta:
BPS. ISSN 1978-9947.
https://www.bps.go.id/id/publication/2024/11/29/d5dcb42ab730df1be4339c34
[statistik-kelapa-sawit-indonesia-2023.html. Diakses tanggal 28 September
2025.

Badan Pusat Statistik (BPS). 2025. Penduduk, Laju Pertumbuhan Penduduk,
Distribusi Persentase Penduduk, Kepadatan Penduduk, Rasio Jenis Kelamin
Penduduk Menurut Provinsi, 2025. Badan Pusat Statistik. Jakarta: BPS.
https://www.bps.qgo.id/id/statistics-
table/3/V1ZSbFRUY3ITbFpEYTNsVWNGcDZjek53YkhsNFFUMDkiMyMwM
DAw/jumlah-penduduk--laju-pertumbuhan-penduduk--distribusi-persentase-
penduduk--kepadatan-penduduk--rasio-jenis-kelamin-penduduk-menurut-
provinsi.html?year=2025. Diakses tanggal 28 September 2025

Bouyanfif, A., S. Liyanage, E. Hequet, N. Moustaid-Moussa, & N. Abidi. 2018.
Review of FTIR microspectroscopy applications to investigate biochemical
changes in C. elegans. Vib. Spectrosc. 96:74-82.

Demirbas, A. 2006. Biodiesel production via non-catalytic SCF method and
biodiesel fuel characteristics. Energ. Conv. Manag. 50(4): 923 — 927.

Demirbas, A. 2008. Biodiesel: A Realistic Fuel Alternative for Diesel Engines.
Springer-Verlag London.

41


https://www.bps.go.id/id/statistics-table/2/MjE0IzI=/jumlah-ternak-yang-dipotong-di-rumah-potong-hewan-rph-menurut-provinsi-dan-jenis-ternak.html
https://www.bps.go.id/id/statistics-table/2/MjE0IzI=/jumlah-ternak-yang-dipotong-di-rumah-potong-hewan-rph-menurut-provinsi-dan-jenis-ternak.html
https://www.bps.go.id/id/statistics-table/2/MjE0IzI=/jumlah-ternak-yang-dipotong-di-rumah-potong-hewan-rph-menurut-provinsi-dan-jenis-ternak.html
https://www.bps.go.id/id/publication/2024/11/29/d5dcb42ab730df1be4339c34/statistik-kelapa-sawit-indonesia-2023.html
https://www.bps.go.id/id/publication/2024/11/29/d5dcb42ab730df1be4339c34/statistik-kelapa-sawit-indonesia-2023.html
https://www.bps.go.id/id/statistics-table/3/V1ZSbFRUY3lTbFpEYTNsVWNGcDZjek53YkhsNFFUMDkjMyMwMDAw/jumlah-penduduk--laju-pertumbuhan-penduduk--distribusi-persentase-penduduk--kepadatan-penduduk--rasio-jenis-kelamin-penduduk-menurut-provinsi.html?year=2025
https://www.bps.go.id/id/statistics-table/3/V1ZSbFRUY3lTbFpEYTNsVWNGcDZjek53YkhsNFFUMDkjMyMwMDAw/jumlah-penduduk--laju-pertumbuhan-penduduk--distribusi-persentase-penduduk--kepadatan-penduduk--rasio-jenis-kelamin-penduduk-menurut-provinsi.html?year=2025
https://www.bps.go.id/id/statistics-table/3/V1ZSbFRUY3lTbFpEYTNsVWNGcDZjek53YkhsNFFUMDkjMyMwMDAw/jumlah-penduduk--laju-pertumbuhan-penduduk--distribusi-persentase-penduduk--kepadatan-penduduk--rasio-jenis-kelamin-penduduk-menurut-provinsi.html?year=2025
https://www.bps.go.id/id/statistics-table/3/V1ZSbFRUY3lTbFpEYTNsVWNGcDZjek53YkhsNFFUMDkjMyMwMDAw/jumlah-penduduk--laju-pertumbuhan-penduduk--distribusi-persentase-penduduk--kepadatan-penduduk--rasio-jenis-kelamin-penduduk-menurut-provinsi.html?year=2025
https://www.bps.go.id/id/statistics-table/3/V1ZSbFRUY3lTbFpEYTNsVWNGcDZjek53YkhsNFFUMDkjMyMwMDAw/jumlah-penduduk--laju-pertumbuhan-penduduk--distribusi-persentase-penduduk--kepadatan-penduduk--rasio-jenis-kelamin-penduduk-menurut-provinsi.html?year=2025

Kakr)akteristikIFisikokimia, FTIR, dan A’H NMR Biodiesel dari Lemak Sapi Lokal Menggunakan NaOH
sebagai Katalis
HARYO HARI WIBOWO, Dr. Ir. Mohammad Zainal Abidin, S.Pt., M.Biotech., IPM.; Prof. Ir. Nanung Agus Fitriyanto, ¢

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Demirbas, A. 2008. Comparison of transesterification methods for production of
biodiesel from vegetable oils and fats. Energ. Conv. Manag. 49:125-130.

Direktorat Jenderal Peternakan dan Kesehatan Hewan. 2023. Laporan Kinerja
Direktorat Jenderal Peternakan dan Kesehatan Hewan Tahun 2023. Jakarta:
Kementerian Pertanian.

Ejim, C. E., B. A. Fleck, & A. Amirfazli. 2007. Analytical study for atomization of
biodiesels and their blends in a typical injector: Surface tension and viscosity
effects. Fuel. 86(10-11):1534-1544.

Furlan, P. Y., P. Wetzel, S. Johnson, J. Wedin, & A. Och. 2010. Investigating the
oxidation of biodiesel from used vegetable oil by FTIR spectroscopy: Used
vegetable oil biodiesel oxidation study by FTIR. Spectrosc. Lett. 43(7-8):580-
585.

Gashaw, A, T. Getachew & A. Teshita. 2015. A review on biodiesel production as
alternative fuel. J. For. Prod. Ind. 4(2):80-85.

Giakoumis, E. G. 2018. Analysis of 22 vegetable oils’ physico-chemical properties
and fatty acid composition on a statistical basis, and correlation with the
degree of unsaturation. Renew. Energ. 126:403-419.

Gulum, M. & A. Bilgin. 2015. Density, flash point and heating value variations of
corn oil biodiesel-diesel fuel blends. Fuel Process. Technol. 134:456-464.

Hoekman, S. K., A. Broch, C. Robbins, E. Ceniceros, & M. Natarajan. 2012.
Review of biodiesel composition, properties, and specifications. Renew.
Sustain. Energ. Rev. 16(1):143-169.

Ismail, S., S. A. Abu, R. Rezaur, & H. Sinin. 2014. Biodiesel production from castor
oil and its application in diesel engine. ASEAN J. Sci Technol. Dev. 31(2):90-
100.

Jayathilakan K., K. Sultana, K. Radhakrishna, A. S. Bawa. 2012. Utilization of
byproducts and waste materials from meat, poultry and fish processing
industries: a review. J. Food Sci. Technol. 49(3):278-293.

Kementerian Energi dan Sumber Daya Mineral. 2023. Handbook of Energy &
Economic Statistics of Indonesia 2023. Jakarta: KESDM.

Knothe, G., & K. R. Steidley. 2005. Kinematic viscosity of biodiesel fuel
components and related compounds. Fuel. 84(9):1059-1065.

Knothe, G., & K. R. Steidley. 2007. Kinematic viscosity of biodiesel components
(fatty acid alkyl esters) and related compounds at low temperatures. Fuel.
86(16):2560-2567.

Knothe, G. 2005. Dependence of biodiesel fuel properties on the structure of fatty
acid alkyl esters. Fuel Process. Technol. 86(10):1059-1070.

Knothe, G. 2006. Analyzing biodiesel: standards and other methods. J. Am. Qil.
Chem. Soc. 83(10):823-833.

Knothe, G. 2008. “Designer’ biodiesel: optimizing fatty ester composition to
improve fuel properties. Energ. Fuels. 22 (2):1358-1364.

Knothe, G. 2010. Biodiesel and renewable diesel: A comparison. Prog. Energ.
Combust. Sci. 36 (3):364-373.

42



Kakr)akteristikIFisikokimia, FTIR, dan A’H NMR Biodiesel dari Lemak Sapi Lokal Menggunakan NaOH
sebagai Katalis
HARYO HARI WIBOWO, Dr. Ir. Mohammad Zainal Abidin, S.Pt., M.Biotech., IPM.; Prof. Ir. Nanung Agus Fitriyanto, ¢

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Krisnangkura, K. 1986. A simple method for estimation of cetane index of vegetable
oil methyl esters. J. Am. Oil Chem. Soc. 63(4):552-554.

Lapuerta, M., O. Armas & J. Rodriguez-Fernandez. 2005. Effect of biodiesel fuels
on diesel engine emissions. Prog in Energ. Combust. Sci. 34(2):198-223.

Leung, D. Y. C. & Y. Guo. 2006. Transesterification of neat and used frying oil:
Optimization for biodiesel production. Fuel Proces. Technol. 87(10):883-890.

Leung, D. Y. C.,, X. Wu, & M. K. H. Leung. 2010. A review on biodiesel production
using catalyzed transesterification. App Energ. 87(4):1083-1095.

Liu, S., Y. Wang, J. H. Oh, & J. L. Herring. 2011. Fast biodiesel production from
beef tallow with radio frequency heating. Renew. Energ. 36(3):1003-1007.

Ma, F. & M. A. Hanna. 1999. Biodiesel production: A review. Bioresource
Technology. 70(1):1-15.

Mekonnen, K. D., Y. A. Endris, & K. Y. Abdu. 2024. Alternative methods for
biodiesel cetane number valuation: A technical note. ACS Omega. 9(6):6296-
6304.

Moser, B. R. 2009. Biodiesel production, properties, and feedstocks. In Vitro Cell.
Dev. Biol — Plant. 45(3):229-266.

Ndiaye, M., A. Arhaliass, J. Legrand, G. Roelens, & A. Kerihuel. 2020. Reuse of
waste animal fat in biodiesel: Biorefining heavily-degraded contaminant-rich
waste animal fat and formulation as diesel fuel additive. Renew. Energ. 145,
1073-1079.

Outili, N., H. Kerras, C. Nekkab, R. Merouani, & A.H. Meniai. 2020. Biodiesel
production optimization from waste cooking oil using green chemistry metrics.
Renew. Energ. 145:2575-2586.

Oyerinde, A. Y. & E. |. Bello. 2016. Use of Fourier transformation infrared (FTIR)
spectroscopy for analysis of functional groups in peanut oil biodiesel and its
blends. Br. J. App. Sci. Technol. 13(3):1-14.

Ramos, M. J., C. M. Fernandez, A. Casas, L. Rodriguez, & A. Pérez. 2000.
Influence of fatty acid composition of raw materials on biodiesel
properties. Bioresour. Technol. 100(1):261-268.

Rosset, M., & O. W. Perez-Lopez. 2019. FTIR spectroscopy analysis for monitoring
biodiesel production by heterogeneous catalyst. Vib. Spectrosc. 105, 102990.

Sakthivel, R., K. Ramesh, R. Purnachandran, P. M. Shameer. 2018. A review on
the properties, performance and emission aspects of the third generation
biodiesels. Renew. Sustain. Energ. Rev. 82 (2018):2970-2992.

Sarin R., M. Sharma, S. Sinharay, & R. K. Malhotra. 2007. Jatropha—palm biodiesel
blends: An optimum mix for Asia. Fuel. 86(10-11):1365-1371.

Shimamoto, G. G. & M. Tubino. 2018. Simultaneous determination of six quality
parameters of biodiesel through '"H NMR spectroscopy and partial least
squares. Talanta. 178:759-766.

Shimamoto, G. G., L. F. Bianchessi & M. Tubino. 2017. Alternative method to
quantify biodiesel and vegetable oil in diesel-biodiesel blends through '"H NMR
spectroscopy. Talanta. 170:442-448.

43



Kakr)akteristikIFisikokimia, FTIR, dan A’H NMR Biodiesel dari Lemak Sapi Lokal Menggunakan NaOH
sebagai Katalis
HARYO HARI WIBOWO, Dr. Ir. Mohammad Zainal Abidin, S.Pt., M.Biotech., IPM.; Prof. Ir. Nanung Agus Fitriyanto, ¢

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Singh N., R. K. Saluja, H. J. Rao, R. Kaushal, N. K. Gahlot, . Suyambulingam, M.
R. Sanjay, D. Divakaran, S. Siengchin. 2024. Progress and facts on biodiesel
generations, production methods, influencing factors, and reactors: A
comprehensive review from 2000 to 2023. Energ. Convers. Manag.
302:118157.

Soeparno. 2009. limu dan Teknologi Daging. Yogyakarta: Gadjah Mada University
Press.

Tesfa, B., R. Mishra, F. Gu, & N. Powles. 2010. Prediction models for density and
viscosity of biodiesel and their effects on fuel supply system in Cl engines.
Renew. Energ. 35(12):2752-2760.

van Kasteren, J. M. N., A. P. Nisworo. 2007. A process model to estimate the cost
of industrial scale biodiesel production from waste cooking oil by supercritical
transesterification. Resour. Conserv. Recycl. 50 (4):442-458.

Vera, N., Rifqgi.,, Y. Erwanto, N. A. Agus, D. T. Utama, & M. Z. Abidin. 2024.
Evaluation of physicochemical properties and fatty acid profile on Indonesian
local beef tallow and lard using two different rendering methods. Food Res. 9
(1):93-99.

Verma, T. N., P. Shrivastava, U. Rajak, G. Dwivedi, S. Jain, A. Zare, A. K. Shukla,
& P. Verma. 2021. Acomprehensive review of the influence of physicochemical
properties of biodiesel on combustion characteristics, engine performance and
emissions. J. Traffic Transp. Eng. (English Edition). 8(4):510-533.

Vignesh, P, A. R. P. Kumar, N. S. Ganesh, V. Jayaseelan, & K. Sudhakar. 2021.
Biodiesel and green diesel generation: an overview. Oil Gas Sci. Technol. —
Rev. IFP Energ nouvelles, 76(6).

Yaakob Z., M. Mohammad, M. Alherbawi, Z. Alam. 2013. Overview of the
production of biodiesel from waste cooking oil. Renew. Sustain. Energ. Rev.
18, 184-193.

Yasar F. 2020. Comparision of fuel properties of biodiesel fuels produced from
different oils to determine the most suitable feedstock type. Fuel. 264:116817.

44



