
48 
 

 

DAFTAR PUSTAKA 

Ahmadi, M., Seyedin, S.H., 2019. Investigation of NaOH Properties, Production 

and Sale Mark in the world. J. Multidiscip. Eng. Sci. Technol. JMEST 6, 

10809–10813. 

Ahmed, E.A., Abu Zahra, H., Ammar, R.B., Mohamed, M.E., Ibrahim, H.-I.M., 

2022. Beta-Caryophyllene Enhances the Anti-Tumor Activity of Cisplatin 

in Lung Cancer Cell Lines through Regulating Cell Cycle and Apoptosis 

Signaling Molecules. Molecules 27, 8354. 

https://doi.org/10.3390/molecules27238354 

Aksono, E.B., Latifah, A.C., Suwanti, L.T., Haq, K.U., Pertiwi, H., 2022. Clove 

Flower Extract (Syzygium aromaticum) Has Anticancer Potential Effect 

Analyzed by Molecular Docking and Brine Shrimp Lethality Test (BSLT). 

Vet. Med. Int. 2022, 5113742. https://doi.org/10.1155/2022/5113742 

Al Ubeed, H.M.S., Bhuyan, D.J., Alsherbiny, M.A., Basu, A., Vuong, Q.V., 2022. 

A Comprehensive Review on the Techniques for Extraction of Bioactive 

Compounds from Medicinal Cannabis. Molecules 27, 604. 

https://doi.org/10.3390/molecules27030604 

Aulia, C.R., 2016. Potensi Minyak Atsiri Daun Cengkeh (Syzygium aromaticum) 

terhadap Kematian Nyamuk Aedes aegypti  dengan Metode Semprot 

(Skripsi). Fakultas Farmasi, Universitas Muhammadiyah Purwokerto, 

Purwokerto. 

Bangngalino, H., Sukasri, A., Fathadillah, M.A., Suparman, 2022. Isolasi Eugenol 

dari Minyak Cengkeh Hasil Distilasi Uap, in: Yunus, A.M.S., Taufik, A., 

Nahlah, Mastang, Usman (Eds.), Penguatan Penelitian dan Pengabdian 

Kepada Masyarakat Berbasis Problem Industri Menuju Era Industri 5.0. 

Presented at the Prosiding 6th Seminar Nasional Penelitian & Pengabdian 

Kepada Masyarakat 2, Unit Penelitian dan Pengabdian kepada Masyarakat 

(P3M) Politeknik Negeri Ujung Pandang, Makassar, pp. 190–195. 

Basha, R.H., Sankaranarayanan, C., 2014. β-Caryophyllene, a Natural 

Sesquiterpene, Modulates Carbohydrate Metabolism in Streptozotocin-

induced Diabetic Rats. Acta Histochem. 116, 1469–1479. 

https://doi.org/10.1016/j.acthis.2014.10.001 

Bastaki, M., Api, A.M., Aubanel, M., Bauter, M., Cachet, T., Demyttenaere, J.C.R., 

Diop, M.M., Harman, C.L., Hayashi, S., Krammer, G., Lu, V., Marone, 

P.A., Mendes, O., Renskers, K.J., Schnabel, J., Tsang, S.Y., Taylor, S.V., 

2020. Dietary Administration of β-caryophyllene and Its Epoxide to 

Sprague-Dawley Rats for 90 Days. Food Chem. Toxicol. 135, 110876. 

https://doi.org/10.1016/j.fct.2019.110876 

Bhaturiwala, R., Bagban, M., Mansuri, A., Modi, H., 2022. Successive Approach 

of Medium Optimization Using One-factor-at-a-time and Response Surface 

Methodology for Improved β-mannanase Production from Streptomyces sp. 

Bioresour. Technol. Rep. 18. https://doi.org/10.1016/j.biteb.2022.101087 

Cheng, T., Zhang, K., Guo, J., Yang, Q., Li, Y., Xian, M., Zhang, R., 2022. Highly 

Efficient Biosynthesis of β-caryophyllene with a New Sesquiterpene 

Optimasi Ekstraksi Beta-kariofilen dari Minyak Daun Cengkeh (Syzygium aromaticum)
DILA HARGELIANA KARITRA, Prof. Dr.rer.nat. apt. Triana Hertiani, S.Si., M. Si. ; Teguh Wijaya Hakim, S. Si.
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



49 
 

 

Synthase from Tobacco. Biotechnol. Biofuels Bioprod. 15, 39. 

https://doi.org/10.1186/s13068-022-02136-8 

Dahham, S.S., Tabana, Y.M., Iqbal, M.A., Ahamed, M.B.K., Ezzat, M.O., Majid, 

A.S.A., Majid, A.M.S.A., 2015. The Anticancer, Antioxidant and 

Antimicrobial Properties of the Sesquiterpene β-Caryophyllene from the 

Essential Oil of Aquilaria crassna. Molecules 20, 11808–11829. 

https://doi.org/10.3390/molecules200711808 

Daryono, E.D., 2015. Reactive Extraction Process in Isolation of Eugenol of Clove 

Essential Oil (Syzigium aromaticum) Based on Temperature and Time 

Process. Int. J. ChemTech Res. 8, 564–569. 

Departemen of Health, 2023. Sodium Hydroxide [WWW Document]. URL 

https://www.tn.gov/health/cedep/environmental/environmental-health-

topics/eht/sodium-hydroxide.html (accessed 11.27.23). 

Dewi, P.P.A.L., Setyawan, E.I., 2022. Pengaruh Konsentrasi NaOH dan Waktu 

Pengadukan terhadap Karakteristik Sabun Pada Opaque Lidah Buaya (Aloe 

vera L.), in: Setyawan, E.I. (Ed.), Pengoptimalan Penggunaan Sumber Daya 

Lokal sebagai Produk Kesehatan dan Kecantikan yang Ramah Lingkungan. 

Presented at the Prosiding Workshop dan Seminar Nasional Farmasi, 

Universitas Udayana, Bali, pp. 1–12. 

https://doi.org/10.24843/WSNF.2022.v01.i01.p01 

Dewi, S.K., 2015. Pengukuran Efisiensi Proses Produksi dengan Menggunakan 

Metode Data Envelopmen Analysis (DEA), in: Prosiding. Presented at the 

Prosiding Seminar dan Konferensi Nasiona Industrial Engineering 

Conference, Universitas Sebelas Maret, Surakarta. 

Drugbank, 2023. Sodium Hydroxide [WWW Document]. URL 

https://go.drugbank.com/drugs/DB11151 (accessed 11.27.23). 

El-Saber Batiha, G., Alkazmi, L.M., Wasef, L.G., Beshbishy, A.M., Nadwa, E.H., 

Rashwan, E.K., 2020. Syzygium aromaticum L. (Myrtaceae): Traditional 

Uses, Bioactive Chemical Constituents, Pharmacological and Toxicological 

Activities. Biomolecules 10, 202. https://doi.org/10.3390/biom10020202 

Fidyt, K., Fiedorowicz, A., Strządała, L., Szumny, A., 2016. β-caryophyllene and 

β-caryophyllene Oxide—Natural Compounds of Anticancer and Analgesic 

Properties. Cancer Med. 5, 3007–3017. https://doi.org/10.1002/cam4.816 

Fina, Syahril, 2023. Analisis Nilai Tambah dan Efisiensi Faktor Produksi pada 

Usaha Home Industry Kerupuk Ubi di Kecamatan Pasie Raja Kabupaten 

Aceh Selatan. J. Bisnis Dan Kaji. Strategi Manaj. 7, 223–233. 

Firmawan, M.F., 2009. Analisis Nilai Tambah, Efisiensi, dan Faktor-Faktor yang 

Mempengaruhi Output Industri Minyak Goreng Sawit di Indonesia 

(Skripsi). Fakultas Ekonomi dan Manajemen, Institut Pertanian Bogor, 

Bogor. 

Forgács, E., Cserháti, T., 2003. Gas Chromatography, in: Food Authenticity and 

Traceability. Elsevier, pp. 197–217. 

https://doi.org/10.1533/9781855737181.1.197 

Francisco, M., Lago, S., Soto, A., Arce, A., 2010. Essential Oil Deterpenation by 

Solvent Extraction Using 1-ethyl-3-methylimidazolium 2-(2-

Optimasi Ekstraksi Beta-kariofilen dari Minyak Daun Cengkeh (Syzygium aromaticum)
DILA HARGELIANA KARITRA, Prof. Dr.rer.nat. apt. Triana Hertiani, S.Si., M. Si. ; Teguh Wijaya Hakim, S. Si.
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



50 
 

 

methoxyethoxy) Ethylsulfate Ionic Liquid. Fluid Phase Equilibria 296, 149–

153. https://doi.org/10.1016/j.fluid.2010.03.019 

Frey, D.D., Wang, H., 2003. Adaptive One-Factor-at-a-Time Experimentation and 

Expected Value of Improvement. Taylor Francis Ltd 48, 418–431. 

Harbourne, N., Marete, E., Jacquier, J.C., O’Riordan, D., 2013. Conventional 

extraction techniques for phytochemicals, in: Handbook of Plant Food 

Phytochemicals. John Wiley & Sons, Ltd, pp. 397–411. 

https://doi.org/10.1002/9781118464717.ch17 

Haro-González, J.N., Castillo-Herrera, G.A., Martínez-Velázquez, M., Espinosa-

Andrews, H., 2021. Clove Essential Oil (Syzygium aromaticum L. 

Myrtaceae): Extraction, Chemical Composition, Food Applications, and 

Essential Bioactivity for Human Health. Molecules 26, 6387. 

https://doi.org/10.3390/molecules26216387 

Kamatou, G.P., Vermaak, I., Viljoen, A.M., 2012. Eugenol—From the Remote 

Maluku Islands to the International Market Place: A Review of a 

Remarkable and Versatile Molecule. Molecules 17, 6953–6981. 

https://doi.org/10.3390/molecules17066953 

Keenan, C.W., Kleinfelter, D.C., Wood, J.H., 1984. Ilmu Kimia untuk Universitas, 

6th ed. Penerbit Erlangga, Jakarta. 

Kenkel, J., 2014. Analytical Chemistry for Technicians, Fourth Edition, 4th ed. 

CRC Press, New York. 

Khayyat, S.A., Roselin, L.S., 2018. Recent Progress in Photochemical Reaction on  

Main Components of Some Essential Oils. J. Saudi Chem. Soc. 22, 855–

875. https://doi.org/10.1016/j.jscs.2018.01.008 

Koyama, S., Purk, A., Kaur, M., Soini, H.A., Novotny, M.V., Davis, K., Kao, C.C., 

Matsunami, H., Mescher, A., 2019. Beta-caryophyllene Enhances Wound 

Healing Through Multiple Routes. PLOS ONE 14, e0216104. 

https://doi.org/10.1371/journal.pone.0216104 

Lee, H.-Y., Ko, M.-J., 2021. Thermal Decomposition and Oxidation of β-

caryophyllene in Black Pepper During Subcritical Water Extraction. Food 

Sci. Biotechnol. 30, 1527–1533. https://doi.org/10.1007/s10068-021-

00983-z 

Lei, J., Wang, Q., Li, G., Li, Y., Zhang, P., Xu, G., 2021. <p>&beta;-Caryophyllene 

from Chilli Pepper Inhibits the Proliferation of Non-Small Cell Lung Cancer 

Cells by Affecting miR-659-3p-Targeted Sphingosine Kinase 1 

(SphK1)</p>. Int. J. Gen. Med. 14, 9599–9613. 

https://doi.org/10.2147/IJGM.S338513 

Machado, K. da C., Paz, M.F.C.J., Oliveira Santos, J.V. de, da Silva, F.C.C., 

Tchekalarova, J.D., Salehi, B., Islam, M.T., Setzer, W.N., Sharifi-Rad, J., 

de Castro e Sousa, J.M., Cavalcante, A.A. de C.M., 2020. Anxiety 

Therapeutic Interventions of β-Caryophyllene: A Laboratory-Based Study. 

Nat. Prod. Commun. 15, 1934578X20962229. 

https://doi.org/10.1177/1934578X20962229 

Mahawer, S.K., Himani, Arya, S., Kumar, R., Prakash, O., Mahawer, S.K., Himani, 

Arya, S., Kumar, R., Prakash, O., 2022. Extractions Methods and Biological 

Applications of Essential Oils, in: Essential Oils - Advances in Extractions 

Optimasi Ekstraksi Beta-kariofilen dari Minyak Daun Cengkeh (Syzygium aromaticum)
DILA HARGELIANA KARITRA, Prof. Dr.rer.nat. apt. Triana Hertiani, S.Si., M. Si. ; Teguh Wijaya Hakim, S. Si.
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



51 
 

 

and Biological Applications. IntechOpen. 

https://doi.org/10.5772/intechopen.102955 

Mannino, F., Pallio, G., Corsaro, R., Minutoli, L., Altavilla, D., Vermiglio, G., 

Allegra, A., Eid, A., Bitto, A., Squadrito, F., Irrera, N., 2021. Beta-

Caryophyllene Exhibits Anti-Proliferative Effects through Apoptosis 

Induction and Cell Cycle Modulation in Multiple Myeloma Cells. Cancers 

13, 5741. https://doi.org/10.3390/cancers13225741 

Mbaveng, A.T., Kuete, V., 2017. Syzygium aromaticum, in: Kuete, Victor (Ed.), 

Medicinal Spices and Vegetables from Africa. Academic Press, pp. 611–

625. https://doi.org/10.1016/B978-0-12-809286-6.00029-7 

Mejía-Argueta, E.L., Santillán-Benítez, J.G., Canales-Martinez, M.M., Mendoza-

Medellín, A., 2020. Antimicrobial Activity of Syzygium aromaticum L. 

Essential Oil on Extended-spectrum Beta-lactamases-Producing 

Escherichia coli. Bull. Natl. Res. Cent. 44, 201. 

https://doi.org/10.1186/s42269-020-00458-x 

Mirantika, Safania, 2019. Pengaruh Jumlah Reaktan NaOH pada Isolasi Eugenol 

dari Minyak Cengkeh (Skripsi). Fakultas Teknik, Universitas Brawijaya, 

Malang. 

Mustapa, M.A., 2020. Penelusuran Senyawa Tumbuhan Cengkeh, 1st ed. Media 

Madani, Banten. 

Nugroho, A., 2017. Teknologi Bahan Alam, 1st ed. Lambung Mangkurat 

University Press, Banjarmasin. 

Nurdin, A., 2019. Eugenol Production from Clove Oil in Pilot Plant Scale for Small 

and Medium Enterprises (SME):, in: Proceedings of the 2nd International 

Conference of Essential Oils. Presented at the 2nd International Conference 

of Essential Oil Indonesia, SCITEPRESS - Science and Technology 

Publications, Banda Aceh, Indonesia, pp. 101–105. 

https://doi.org/10.5220/0009957501010105 

Nurdjannah, N., 2004. Diversifikasi Penggunaan Cengkeh. Perspektif 3, 61–70. 

Ozturk, B., Esteban, J., Gonzalez-Miquel, M., 2018. Deterpenation of Citrus 

Essential Oils Using Glycerol-Based Deep Eutectic Solvents. J. Chem. Eng. 

Data 63, 2384–2393. https://doi.org/10.1021/acs.jced.7b00944 

Patel, K., Panchal, N., Ingle, Dr.P., 2019. Review of Extraction Techniques 

Extraction Methods: Microwave, Ultrasonic, Pressurized Fluid, Soxhlet 

Extraction, Etc. Int. J. Adv. Res. Chem. Sci. 6. 

https://doi.org/10.20431/2349-0403.0603002 

PubChem, 2023. Sodium Hydroxide [WWW Document]. URL 

https://pubchem.ncbi.nlm.nih.gov/compound/14798 (accessed 11.27.23). 

Putri, R.L., Hidayat, N., Rahmah, N.L., 2014. Pemurnian Eugenol dari Minyak 

Daun Cengkeh dengan Reaktan Basa Kuat KOH dan Ba(OH)2 (Kajian 

Konsentrasi Reaktan). J. Ind. 3, 1–12. 

Ramachandran, 2021. Design of Experiment, in: Mathematical Statistics with 

Application in R. pp. 344–368. 

Rashati, D., Nurmalasari, D.R., Putri, V.A., 2022. Pengaruh Variasi Konsentrasi 

NaOH terhadap Sifat Fisik Sabun Padat Ekstrak Ubi Jalar Ungu (Ipomoea 

Optimasi Ekstraksi Beta-kariofilen dari Minyak Daun Cengkeh (Syzygium aromaticum)
DILA HARGELIANA KARITRA, Prof. Dr.rer.nat. apt. Triana Hertiani, S.Si., M. Si. ; Teguh Wijaya Hakim, S. Si.
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



52 
 

 

batatas Lam). J. Ilm. Manuntung Sains Farm. Dan Kesehat. 8, 311–316. 

https://doi.org/10.51352/jim.v8i2.635 

Reiff, Á., Sugár, A., Surányi, É., 2002. Productive Efficiency. Anal. Hung. Econ. 

45–74. 

Sait, S., Hutajulu, T.F., 1995. Peningkatan Mutu Minyak Cengkeh untuk Ekspor 

Proses Deterpenasi Cara Kimiawi. J. Agro-Nased Ind. 12, 74–77. 

Sarma, Y.R., Babu, K.N., Aziz, S., 2014. Spices and Aromatics, in: Encyclopedia 

of Agriculture and Food Systems. Elsevier, pp. 211–234. 

https://doi.org/10.1016/B978-0-444-52512-3.00153-4 

Serra, M.P., Boi, M., Carta, A., Murru, E., Carta, G., Banni, S., Quartu, M., 2022. 

Anti-Inflammatory Effect of Beta-Caryophyllene Mediated by the 

Involvement of TRPV1, BDNF and trkB in the Rat Cerebral Cortex after 

Hypoperfusion/Reperfusion. Int. J. Mol. Sci. 23, 3633. 

https://doi.org/10.3390/ijms23073633 

Stauffer, E., Dolan, J.A., Newman, R., 2008. Gas Chromatography and Gas 

Chromatography—Mass Spectrometry, in: Fire Debris Analysis. Elsevier, 

pp. 235–293. https://doi.org/10.1016/B978-012663971-1.50012-9 

Sukarsono, Dahroni, I., 2005. Pembuatan Alat Distilasi Fraksinasi Minyak Daun 

Cengkeh. Puslitbang Teknol. Maju - BATAN, Prosiding 66–75. 

Sukohar, A., Armadany, F.I., Fajarwati Bakede, N.A., Muhammad, H.M., Ramdini, 

D.A., Tendri Adjeng, A.N., 2022. Antimicrobial Activity of Syzygium 

aromaticum L. Leaves Essential Oil against Candida albicans and 

Streptococcus mutans. Res. J. Pharm. Technol. 5672–5676. 

https://doi.org/10.52711/0974-360X.2022.00956 

Sunil Kumar, K.N., Divya, K.G., Mattummal, R., Erni, B., Sathiyarajeswaran, P., 

Kanakavalli, K., 2021. Pharmacological Actions of Contents of Kabasura 

Kudineer: A Siddha Formulation for Fever with Respiratory Illness. Indian 

J. Pharm. Educ. Res. 55, 36–55. https://doi.org/10.5530/ijper.55.1.7 

Suttiarporn, P., Seangwattana, T., Srisurat, T., Kongitthinon, K., Chumnanvej, N., 

Luangkamin, S., 2024. Enhanced Extraction of Clove Essential Oil by 

Ultrasound and Microwave Assisted Hydrodistillation and Their 

Comparison in Antioxidant Activity. Curr. Res. Green Sustain. Chem. 8, 

100411. https://doi.org/10.1016/j.crgsc.2024.100411 

Trianto, A., 2004. Analisis Nilai Tambah dan Efisiensi Produksi Cetak Offset pada 

Industri Percetakan di Kota Palembang. J. Econ. Dev. 2, 115–125. 

Wahid, Z., Nadir, N., 2013. Improvement of One Factor at a Time Through Design 

of Experiments. World Appl. Sci. J. 21, 56–61. 

Zhang, Q.-W., Lin, L.-G., Ye, W.-C., 2018. Techniques for extraction and isolation 

of natural products: a comprehensive review. Chin. Med. 13, 20. 

https://doi.org/10.1186/s13020-018-0177-x 

 

  

Optimasi Ekstraksi Beta-kariofilen dari Minyak Daun Cengkeh (Syzygium aromaticum)
DILA HARGELIANA KARITRA, Prof. Dr.rer.nat. apt. Triana Hertiani, S.Si., M. Si. ; Teguh Wijaya Hakim, S. Si.
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/


