Inklusi Ur%a Evaporatif pada Fatty Acid Etyhl Ester (FAEE): Komposisi Asam Lemak dan Kandungan
Karotenoi
Haidar Ardhani, Prof. Dr. Ir. Chusnul Hidayat, Dr. Rini Yanti, S.T.P., M.P./Dr. Arima Diah Setiowati, S.T.P., M.Sc., Dr.

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

UNIVERSITAS
GADJAH MADA

DAFTAR PUSTAKA

Abast, M. A., Koleangan, H., & Pontoh, J. (2016). Analisis asam lemak dalam
minyak kelapa murni menggunakan derivatisasi katalis basa. Jurnal MIPA,
5(1),29-31. https://doi.org/10.35799/jm.5.1.2016.11408

Afifi, E. H., John Martin, J. J., Wang, Q., Li, X., Liu, X., Zhou, L., Li, R., Fu, D.,
Li, Q., Ye, J., & Cao, H. (2025). Fatty acid and lipid metabolism in oil palm:

From biochemistry to molecular mechanisms. International Journal of
Molecular Sciences, 26(6), 2531. https://doi.org/10.3390/ijms26062531
Aljamali, Nagham & Jasim, Doaa & Mujjed, Ammar. (2022). Review on urea

(Uses, advantage, disadvantage) in biochemical fields. 6. 48-52.

Annisa, A. N., Nuryadi, H., dan Widayat, Sofiati, D. A. (2019). Analisis Kadar
Etanol dalam Obat Batuk dengan Metode Kromatografi Cair. Indonesian
Journal of Halal. 23-25.

Badan Pusat Statistik. (2022). Statistik Kelapa Sawit Indonesia 2022.
https://www.bps.go.id/id/publication/2023/11/30/1601211bfc4f91e1b77974e
1/statistik-kelapa-sawit-indonesia-2022.html. [10 Oktober 2024].

Boon Chin Hoe, Priyangaa Arumugam, Irene Chew M. L., Jully Tan, and Chien
Wei Ooi. 2024. Extraction of palm carotene from crude palm oil by solvolytic
micellization: economic evaluation and life cycle assessment. Chemical
Engineering Communications, 211(3): 336-349.
https://doi.org/10.1080/00986445.2022.2047664

Cai, Li. (2014). Thin Layer Chromatography. 10.1002/9780470089941.et0603s08.

Chen, X. et al. (2024). Thermodynamics and kinetics of B-cyclodextrin/B-carotene
inclusion complexation. Journal of Inclusion Phenomena and Macrocyclic
Chemistry, 104, 395-405.

Delisle, H. (2018). Nutritional benefits of palm oil. Advances in Agriculture and
Biology, 3(1), 45-50.

Eldahshan, O.A. dan Singab, A.N.B. (2013). Carotenoid. Journal of
Pharmacognosy and Phytochemistry. 2(1): 225-234.


https://doi.org/10.35799/jm.5.1.2016.11408
https://www.bps.go.id/id/publication/2023/11/30/160f211bfc4f91e1b77974e1/statistik-kelapa-sawit-indonesia-2022.html
https://www.bps.go.id/id/publication/2023/11/30/160f211bfc4f91e1b77974e1/statistik-kelapa-sawit-indonesia-2022.html
https://doi.org/10.1080/00986445.2022.2047664

Inklusi Ur%a Evaporatif pada Fatty Acid Etyhl Ester (FAEE): Komposisi Asam Lemak dan Kandungan
Karotenoi
Haidar Ardhani, Prof. Dr. Ir. Chusnul Hidayat, Dr. Rini Yanti, S.T.P., M.P./Dr. Arima Diah Setiowati, S.T.P., M.Sc., Dr.

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

UNIVERSITAS
GADJAH MADA

Gunstone, F.D. (2011). Vegetable oils in food technology: Composition, properties
and uses (2nd ed.). Blackwell Publishing Ltd, West Sussex, United Kingdom.

Hidrotunnisa, H., Rini Yanti, Chusnul Hidayat. 2025. Ethanolysis Pre-treatment of
Crude Palm Oil in High Shear Reactor. agriTECH, 45 (1): 41-51.
https://doi.org/10.22146/agritech.81499

Hoe, B. C., Chan, E. S., Ramanan, R. N., & Ooi, C. W. (2022). Direct recovery of

palm carotene by liquid-liquid extraction. Journal of Food Engineering, 313,
110755. https://doi.org/10.1016/].jfoodeng.2021.110755

Honda, M., Kageyama, H., Hibino, T., Zhang, Y., Diono, W., Kanda, H.,
Yamaguchi, R., Takemura, R., Fukaya, T., & Goto, M. (2019). Improved

carotenoid processing with sustainable solvents utilizing Z-isomerization-
induced alteration in physicochemical properties: A review and future
directions. In  Molecules (Vol. 24, Issue 11). MDPI AG.
https://doi.org/10.3390/molecules24112149

Huang, Y., et al. (2023). Efficient Rapid Fractionation of Fatty Acid Methyl Esters

through Evaporative Urea Inclusion. Chemical Engineering Journal.
https://www.sciencedirect.com/science/article/pii/S1385894722057461

Ibrahim A.M. dan Yunianta, Srihefyna F., H. (2015). Pengaruh Suhu dan Waktu
Ekstraksi Terhadap Sifat Fisk Kimia Minuman Sari Jahe Merah. Jurnal
Pangan dan Agroindustri. 3(2): 530-541.

Jumari, Arif & Rahmani, Annisa, Shanti & Riana, Fitri, Rista. (2015). Fraksinasi
kompleksasi urea pada minyak dedak padi dalam peningkatan konsentrasi
asam lemak tak jenuh. Ekuilibrium. 14(1). 17-22.

Kaieda, M., Samukawa, T., Matsumoto, T., Ban, K., Kondo, A., Shimada, Y., Noda,
H., Nomoto, F., Ohtsuka, K., [zumoto, E., & Fukuda, H. (1999). Biodiesel
fuel production from plant oil catalyzed by Rhizopus oryzae lipase in a water-
containing system without an organic solvent. Journal of bioscience and
bioengineering, 88(6), 627-631. https://doi.org/10.1016/s1389-
1723(00)87091-7

Koohikamali, S., & Alam, M. S. (2019). Improvement in nutritional quality and

thermal stability of palm olein blended with macadamia oil for deep-fat frying


https://doi.org/10.22146/agritech.81499
https://doi.org/10.1016/j.jfoodeng.2021.110755
https://doi.org/10.3390/molecules24112149
https://doi.org/10.1016/s1389-1723(00)87091-7
https://doi.org/10.1016/s1389-1723(00)87091-7

Inklusi Ur%a Evaporatif pada Fatty Acid Etyhl Ester (FAEE): Komposisi Asam Lemak dan Kandungan
Karotenoi
Haidar Ardhani, Prof. Dr. Ir. Chusnul Hidayat, Dr. Rini Yanti, S.T.P., M.P./Dr. Arima Diah Setiowati, S.T.P., M.Sc., Dr.

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

UNIVERSITAS
GADJAH MADA

application. Journal of Food Science and Technology, 56(11), 5063-5073.
https://doi.org/10.1007/s13197-019-03979-0

Krinsky, Norman & Johnson, Elizabeth. (2006). Carotenoid actions and their
relation to health and disease. Molecular aspects of medicine. 26. 459-516.
10.1016/j.mam.2005.10.001.

Kumar, P. K. P. and Gopala Krishna, A. G. (2014). “Physico-chemical
characteristics and nutraceutical distribution of crude palm oil and its
fractions”, Grasas y Aceites, 65(2), p. €018. doi: 10.3989/gya.097413.

Kumar, P.; Balasubramanian, S. (2020). Selectivity in organic inclusion
compounds: structure and energetics. Journal of Molecular Structure, 1202,
127248.

La, Elisabeth & Sawiji, Repining & Yuliawati, Agustina. (2020). Skrining Fitokimia
Dan Analisis Kromatografi Lapis Tipis Ekstrak Etanol Kulit Buah Naga
Merah (Hylocereus polyrhizus). Indonesian Journal of Pharmacy and Natural
Product. 3. 10.35473/ijpnp.v3i1.503.

Li, X., et al. (2024). Effects of Addition of Tea Polyphenol Palmitate and Process
Parameters on High-Purity EPA Ethyl Ester Preparation. PMC.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10000512

Liu, Junli & Tao, Bernard. (2022). Fractionation of fatty acid methyl esters via urea
inclusion and its application to improve the low-temperature performance of
biodiesel. Biofuel Research Journal. 9. 1617-1629. 10.18331/BRJ2022.9.2.3.

Liu, Junli & Tao, Bernard & Feng, Hao & Mosier, Nathan. (2023). Efficient rapid
fractionation of fatty acid methyl esters (FAMEs) through evaporative urea
inclusion. Chemical Engineering Journal. 454.

Loftsson, T.; Brewster, M. E. (2016). Pharmaceutical applications of cyclodextrins:
basic science and product development. J. Pharm. Pharmacol., 68, 544-555.

Loépez-Lopez, 1., Garcia-Ochoa, F., & Sanchez, O. (2021). Natural diversity in the
carotene, tocochromanol and fatty acid composition of crude palm oil. Food

Chemistry, 365, 130638. https://doi.org/10.1016/j.foodchem.2021.130638



https://doi.org/10.1016/j.foodchem.2021.130638

Inklusi Ur%a Evaporatif pada Fatty Acid Etyhl Ester (FAEE): Komposisi Asam Lemak dan Kandungan
Karotenoi
Haidar Ardhani, Prof. Dr. Ir. Chusnul Hidayat, Dr. Rini Yanti, S.T.P., M.P./Dr. Arima Diah Setiowati, S.T.P., M.Sc., Dr.

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

Madani, M., Hamacher, T., & Platten, F. (2025). Urea and salt induced modulation
of protein interactions: Implications for crystallization and phase separation.
Soft Matter, 21, 1937-1948.

Mancini, A., Imperlini, E., Nigro, E., Montagnese, C., Daniele, A., Orru, S., &
Buono, P. (2019). Biological and nutritional properties of palm oil and
palmitic acid: Effects on health. Molecules, 20, 17339-17361.
https://doi.org/10.3390/molecules200917339

Mba, O.I, Dumontn, M-J., dan Ngadi, M. (2015). Palm oil: Processing,

characterization and utilization in the food industry — A review. Food
Bioscience. 10: 26—41.

Mercadante, A. Z.; Silva, C. L. (2019). Carotenoid chemistry and stability. Current
Opinion in Food Science, 26, 1-8.

Muhamad Mustangin, Bambang Purwantana, Chusnul Hidayat, Radi. 2025.
Comparison of thermal characteristics and cooling performance of crude
palm oil and mineral oil as electrical insulators. Results in Engineering. 26,
104547. https://doi.org/10.1016/j.rineng.2025.104547.

Mukhriani. (2013). Ekstraksi, Pemisahan Senyawa, dan Identifikasi Senyawa Aktif.
Jurnal Kesehatan. 7(2): 361-367.

Mustapa, A.N., Manan, Z.A., Azizi C.Y.M., Setianto, W.B., dan Omar, A.K.M.

(2011). Extraction of B-carotenes from palm oil mesocarp using sub-critical
R134a. Food Chemistry. 125(1): 262-267

Ningtyas, D.P., Budhiyanti, S.A., dan Sahubawa, L. (2013). Pengaruh Katalis Basa
(NaOH) pada Tahap Reaksi Transesterifikasi Terhadap Kualitas Biofuel dari
Minyak Tepung Ikan Sardin. Jurnal Teknosains. 2(2): 71-158.

Nokkaew, R., Punsuvon, R., Inagaki, T., dan Tsuchikawa, S. (2019). Determination
of Carotenoids and DOBI Content in Crude Palm Oil by Spectroscopy
Techniques: Comparison of Raman and FT-NIR Spectroscopy. International
Journal of GEOMATE. Vol. 16. Mar: 92-98.

Ntzimani, A., Tsevdou, M., Katsouli, M., Thanou, I., Tsimogiannis, D.,

Giannakourou, M., & Taoukis, P. (2025). Recovery of Carotenoids via Novel


https://doi.org/10.3390/molecules200917339
https://doi.org/10.1016/j.rineng.2025.104547

Inklusi Ur%a Evaporatif pada Fatty Acid Etyhl Ester (FAEE): Komposisi Asam Lemak dan Kandungan
Karotenoi
Haidar Ardhani, Prof. Dr. Ir. Chusnul Hidayat, Dr. Rini Yanti, S.T.P., M.P./Dr. Arima Diah Setiowati, S.T.P., M.Sc., Dr.

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

UNIVERSITAS
GADJAH MADA

Extraction Technologies for the Valorization of Tomato By-Products.
Processes, 13(9). https://doi.org/10.3390/pr13092964

Pradhan, Sweta & Padhi, Santwana & Heena, & Bhartimittu, Dr & Behera,
Anindita. (2022). Carotenoids. 10.1016/B978-0-323-89779-2.00006-5.

Priatni, A., Fauziati, dan Adiningsih, Y. (2017). Ekstraksi Karotenoid dari Minyak
Sawit Mentah (CPO) dengan Pelarut Dietil Eter dan Aseton. Jurnal Riset
Teknologi Industri. 11(2): 91-99.

Purnamasari, N., Andriani M., A.M., dan Kawiji. (2013). Pengaruh Pelarut dan
Variasi Suhu Pengering Spray Dryer Terhadap konsentrasi karotenoid kapang
Oncom Merah (Neurospora sp). Jurnal Teknosains Pangan. 2(1): 107-114.

Rodriguez-Amaya, D. B. (2016). Structure—function relationships of carotenoids.
Food Research International, 100, 58—66.

Rosli, Nurul & Halim, Ku & Alias, Rusmi. (2023). Crude Palm Oil
Physicochemical and Quality Characterisation. Advances in Science and
Technology. 123. 43-52. 10.4028/p-j4n8]5.

Satriyanto, B., Widjanarko, S.B., dan Yunianta. (2012). Stabilitas Warna Ekstrak
Buah Merah (Pandanusconoideus) Terhadap Pemanasan Sebagai Sumber
Potensial Pigmen Alami. Jurnal Teknologi Pertanian. 13(3): 157-168.

Senanayake, S., & Shahidi, F. (2000). Concentration of Docosahexaenoic Acid
from Algal Oil via Urea Complexation. Journal of the American Oil Chemists’
Society.

Setyawardhani, D. A., et al. (2023). Solid-Liquid Equilibrium and Adsorption in
Urea Complexation Processes. Journal of Applied Lipid Science.

Setyawardhani, D. A., Majid, D. A., & Suryoadhi Suryatmoko Plawi, R. (2024).
Solid-liquid equilibrium study of binary system saturated fatty acid in short
chain alcohols. Equilibrium Journal of Chemical Engineering, 8(1).
https://ejournal.undip.ac.id/index.php/reaktor/article/view/11308/pdf

Shohaimi, N. A. M., & Marodzi, F. N. S. (2018). Transesterifikasi sisa minyak

masak dalam pengeluaran biodiesel menggunakan CaO/Al203 mangkin
heterogenus. Malaysian Journal of Analytical Sciences, 22(1), 157-165.
https://doi.org/10.17576/mjas-2018-2201-20



https://ejournal.undip.ac.id/index.php/reaktor/article/view/11308/pdf
https://doi.org/10.17576/mjas-2018-2201-20

Inklusi Ur%a Evaporatif pada Fatty Acid Etyhl Ester (FAEE): Komposisi Asam Lemak dan Kandungan
Karotenoi
Haidar Ardhani, Prof. Dr. Ir. Chusnul Hidayat, Dr. Rini Yanti, S.T.P., M.P./Dr. Arima Diah Setiowati, S.T.P., M.Sc., Dr.

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

UNIVERSITAS
GADJAH MADA

Singh, M. K. (2021). Controlling the aqueous growth of urea crystals with different
growth inhibitors: A molecular-scale study. RSC Advances, 11, 12938-
12950. https://doi.org/10.1039/DORA10401A

Stutz, H., Bresgen, N., dan Eckl, P.M. (2015). Analytical Tools for The Analysis of

3 Carotene and its Degradation Products. Free radical research. 49(5). 650-
680.

Sun, Z., et al. (2024). The Enrichment of Docosahexaenoic Acid from Microalgal
Oil by Urea Complexation via Rotary-evaporation Crystallization. Journal of
Oleo Science. https://pubmed.ncbi.nlm.nih.gov/38432995

Tambun, R. (2006). Teknologi Oleokimia. USU-Press, Medan.

Thammapat, P., & Siriamornpun, S. (2022). Effect of Urea-to-Fatty Acid Ratio and

Crystallization Temperature on the Fatty Acid Composition of Rice Bran Oil
Concentrate by Urea Complexation. Asian Health, Science and Technology
Reports.

Vidoca, L.P.,, Almeida, E.S., Cardoso, M.F., Otavio, L., Valdares, L.F., dan
Monteiro, S. 2020. Extraction of carotene from crude hybrid palm oil using
polymeric resin. Journal of Food Engineering. 278: 1-11.

Wang, Hongkai & Ran, Jianhua & Jiang, Tao. (2014). Urea. Sub-cellular
biochemistry. 73. 7-29. 10.1007/978-94-017-9343-8 2.

Wijaya, H., Wardayanie, N.I., Astuti, R.M., dan Lahiya, R.A. (2018). Isolasi
Senyawa [-Karoten dari Minyak Kelapa Sawit Mentah (Elaesis guineensis
Jacq.) dengan Metode Kromatografi Kolom Terbuka. Warta IHP. 35(2): 74-
84.

Zeb, A. dan Murkovic, M. 2010. Thin-layer chromatographic analysis of
carotenoids in plant and animal samples. Journal of Planar Chromatography.
23(2): 94-103.

Zhang, Y., et al. (2024). Mechanistic Insights into Over-High Urea Ratios during
Fatty Acid Ester Fractionation. PMC.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10000512



https://doi.org/10.1039/D0RA10401A
https://pubmed.ncbi.nlm.nih.gov/38432995
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10000512

Inklusi Urea Evaporatif pada Fatty Acid Etyhl Ester (FAEE): Komposisi Asam Lemak dan Kandungan
Karotenoid
Haidar Ardhani, Prof. Dr. Ir. Chusnul Hidayat, Dr. Rini Yanti, S.T.P., M.P./Dr. Arima Diah Setiowati, S.T.P., M.Sc., Dr.

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

UNIVERSITAS
GADJAH MADA

Zhao, J., et al. (2025). Urea complexation for docosahexaenoic acid (DHA)
enrichment from Crypthecodinium cohnii oil using water as the urea solvent.

Journal of Lipid Research. https://pubmed.ncbi.nlm.nih.gov/39880636/

Zhu, Q.; Sun, Y.; Liu, J. (2018). Recent advances in host—guest inclusion crystals.
CrystEngComm, 20, 1971-1984.

Zubairu, M., & Rabiu, K. M. (2022). B-CAROTENE EXTRACTION FROM
Daucus carota (CARROT) UNDER DIFFERENT CONDITIONS OF
TEMPERATURE AND SOLVENTS. FUDMA JOURNAL OF SCIENCES,
6(4), 134-136. https://doi.org/10.33003/1js-2022-0604-1057



https://pubmed.ncbi.nlm.nih.gov/39880636/
https://doi.org/10.33003/fjs-2022-0604-1057

