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ABSTRAK 

 

 

Penuaan kulit merupakan proses multifaktorial ditandai dengan kerutan, elastisitas 

kulit yang berkurang, hiperpigmentasi, dan tekstur kulit yang kasar. Kurkumin 
berpotensi untuk mengurangi penuaan kulit, namun memiliki penetrasi yang rendah 

ke dalam kulit, sehingga dibutuhkan sistem penghantaran nanoemulsi. Penelitian 
ini bertujuan mengembangkan formula nanoemulsi mengandung isolat kurkumin 

yang optimal menggunakan simplex lattice design dengan tiga faktor, yaitu minyak 

cengkeh (5-10%), PEG-40 HCO (10-20%) dan propilen glikol (10-15%) dengan 
respon persen transmitan. Berdasarkan hasil analisis simplex lattice design 
didapatkan formula optimum yaitu minyak cengkeh 5%, PEG-40 HCO 17,531% 
dan propilen glikol 12,469% dengan nilai desirability sebesar 1,000. Nanoemulsi 

yang dihasilkan memiliki pH 5,29 ± 0,009, viskositas 24,67 ± 0,471 cP, hasil 
sentrifugasi dengan tidak terjadi creaming dan pemisahan fase namun terdapat 

sedikit pengendapan, persen transmitan 99,535 ± 0,260%, ukuran doplet 17,8 ± 0,7 

nm, PDI 0,133 ± 0,021, dan zeta potensial -31,6 mV. Uji penetrasi kulit secara in 
vitro menunjukkan nanoemulsi kurkumin memiliki kemampuan penetrasi yang 

lebih baik dibandingkan emulsi kurkumin dengan persentase difusi sebesar 
87,795% selama 240 menit. Hasil penelitian ini didapatkan formula optimum 

nanoemulsi isolat kurkumin dengan karakteristik fisik yang baik. 

 

Kata kunci: Nanoemulsi, Kurkumin, Simplex lattice design, Antiaging, Penetrasi 

kulit 
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ABSTRACT 
 

 

Skin aging is a multifactorial process characterized by wrinkles, reduced elasticity, 
hyperpigmentation, and rough skin texture. Curcumin has the potential to reduce 
skin aging; however, it has poor skin penetration, thus a nanoemulsion delivery 
system is required. This study aimed to develop an optimal nanoemulsion 
formulation containing curcumin isolate using a simplex lattice design with three 
factors, namely clove oil (5–10%), PEG-40 HCO (10–20%), and propylene glycol 
(10–15%), with percent transmittance as the response. Based on simplex lattice 
design analysis, the optimum formula consisted of 5% clove oil, 17,531% PEG-40 
HCO, and 12,469% propylene glycol with a desirability value of 1,000. The 
resulting nanoemulsion had a pH of 5,29 ± 0,009, viscosity of 24,67 ± 0,471 cP, 
centrifugation results with no creaming or phase separation but slight 
precipitation, percent transmittance of 99,535 ± 0,260%, droplet size of 17,8 ± 0,7 
nm, PDI of 0,133 ± 0,021, and zeta potential of −31,6 mV. In vitro skin penetration 
testing showed that the curcumin nanoemulsion exhibited better penetration ability 
than the curcumin emulsion, with a diffusion percentage of 87,795% within 240 
minutes. The results indicated that the optimum curcumin isolate nanoemulsion 
formula possessed good physical characteristics. 
 

Keywords: Nanoemulsion, Curcumin, Simplex lattice design, Antiaging, Skin 
penetration 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 vi 

 
 

KATA PENGANTAR 

 

 

Bismillahirrahmanirrahim, 
Puji dan Syukur penulis panjatkan kehadirat Allat SWT atas segala berkah 

Rahmat dan ridho-nya penulis dapat menyelesaikan penelitian dan penulisan skripsi 

yang berjudul “Formulasi dan Karakterisasi Nanoemulsi Isolat Kurkumin 

Menggunakan Simplex Lattice Design” 
Penelitian dan penulisan skripsi ini dilakukan untuk memenuhi salah satu 

syarat untuk mendapatkan gelar sarjana pada Progam Studi Sarjana Farmasi 

Sekolah Tinggi Farmasi Indonesia. 

Penulis mengucapkan terima kasih kepada dosen pembimbing Prof. Dr. apt. 

Sukmadjaja Asyarie dan apt. Yola Desnera Putri, M.Farm. atas bimbingan, nasihat, 

dukungan, serta pengorbanan yang diberikan. Pada kesempatan ini, penulis juga 

mengucapkan terima kasih kepada : 

1. Dr. apt. Adang Firmansyah, M.Si., selaku Ketua Sekolah Tinggi Farmasi 

Indonesia, 

2. Dr. apt. Diki Prayugo, M.Si., selaku Wakil Ketua I Bidang Akademik, 

3. Dr. apt. Hesti Riasari, M.Si., selaku Ketua Program Studi Sarjana  

Farmasi, 

4. Dr. Syarif Hamdani, M.Si. selaku Dosen Wali yang telah banyak 

memberikan bimbingan dan arahan kepada penulis, 

5. Seluruh dosen, staf administrasi, serta seluruh karyawan Sekolah Tinggi 

Farmasi Indonesia atas ilmu, pengalaman dan bantuan kepada penulis 

selama penelitian. 

6. Kepada teman-teman STFI RPL 2024 yang sama-sama berjuang 

menyelesaikan studi di Sekolah Tinggi Farmasi Indonesia. 

7. Seluruh pihak yang tidak disebutkan satu persatu yang telah membantu  

selama penelitian dan penyusunan skripsi. 

Dalam penyusunan skripsi ini masih banyak kesalahan dan kekurangan 

karena pengetahuan yang masih sangat terbatas. Oleh karena itu, dengan 

kerendahan hati diharapkan masukan berupa kritik dan saran yang bersifat 

membangun untuk perbaikan di masa yang akan datang. Penulis berharap semoga 

skripsi ini akan memberikan manfaat bagi penulis sendiri dan juga bagi pihak lain 

yang berkepentingan. 

 

 

      Bandung, September 2025 

                                           Penulis 

 

 

 



 vii 

 
 

DAFTAR ISI 

 

 

LEMBAR PENGESAHAN ..................................................................................... i 
KUTIPAN ............................................................................................................. ..ii  
PERSEMBAHAN .................................................................................................. iii 
ABSTRAK ............................................................................................................. iv 
ABSTRACT .............................................................................................................. v 
KATA PENGANTAR ........................................................................................... vi 
DAFTAR ISI ......................................................................................................... vii 
DAFTAR TABEL .................................................................................................. ix 
DAFTAR GAMBAR .............................................................................................. x 
DAFTAR LAMPIRAN .......................................................................................... xi 
BAB I      PENDAHULUAN .................................................................................. 1 

1.1  Latar Belakang ................................................................................. 1 

1.2  Identifikasi Masalah ........................................................................ 2 

1.3  Tujuan Penelitian ............................................................................. 2 

1.4  Kegunaan Penelitian ........................................................................ 3 

1.5  Waktu dan Tempat Penelitian .......................................................... 3 

BAB II     TINJAUAN PUSTAKA ......................................................................... 4 
2.1  Kulit ................................................................................................. 4 

2.1.1  Struktur Kulit ......................................................................... 4 

2.1.2  Fungsi Kulit ........................................................................... 6 

2.1.3  Sistem Penghantaran Obat Melalui Kulit .............................. 7 

2.2  Penuaan Kulit .................................................................................. 8 

2.2.1  Faktor Penuaan Intrinsik ........................................................ 9 

2.2.2  Faktor Penuaan Ekstrinsik ..................................................... 9 

2.3  Antiaging ....................................................................................... 10 

2.4  Kunyit (Curcuma longa L.) ........................................................... 10 

2.3.1  Morfologi ............................................................................. 11 

2.3.2  Kandungan Senyawa Kunyit ............................................... 11 

2.3.3  Khasiat dan Manfaat Kunyit ................................................ 12 

2.5  Kurkumin ....................................................................................... 12 

2.6  Nanoemulsi .................................................................................... 12 

2.6.1  Definisi ................................................................................ 12 

2.6.2  Komponen Nanoemulsi ....................................................... 13 

2.6.3  Metode Pembuatan Nanoemulsi .......................................... 14 

2.6.4  Kelebihan Nanoemulsi ........................................................ 15 

2.6.5  Mekanisme Nanoemulsi dalam Meningkatkan Penetrasi .... 15 

2.7  Eksipien ......................................................................................... 18 

2.7.1  Minyak Cengkeh ................................................................. 18 

2.7.2  Polietilen Glikol 40 Hydrogenated Castor Oil .................... 18 



 viii 

 
 

2.7.3  Propilen Glikol .................................................................... 18 

2.8  Design Expert ................................................................................ 19 

BAB III   TATA KERJA ...................................................................................... 20 
3.1  Alat ................................................................................................ 20 

3.2  Bahan ............................................................................................. 20 

3.3  Metodologi Penelitian .................................................................... 20 

3.3.1  Optimasi Formula Nanoemulsi Kurkumin .......................... 20 

3.3.2  Formulasi Nanoemulsi Kurkumin ....................................... 21 

3.3.3  Karakterisasi Nanoemulsi Kurkumin .................................. 22 

BAB IV   HASIL & PEMBAHASAN .................................................................. 25 
4.1  Optimasi Formula Nanoemulsi Kurkumin .................................... 25 

4.2  Formula Optimum Nanoemulsi Kurkumin .................................... 28 

4.3  Karakterisasi Nanoemulsi .............................................................. 31 

4.3.1  Uji Organoleptik .................................................................. 31 

4.3.2  Uji Viskositas ...................................................................... 32 

4.3.3  Penetapan pH ....................................................................... 32 

4.3.4  Uji Sentrifugasi .................................................................... 33 

4.3.5  Uji Ukuran Droplet dan Polydispersity Index (PDI) ........... 33 

4.3.7  Zeta Potensial ...................................................................... 35 

4.3.8  Uji Penetrasi Kulit ............................................................... 36 

BAB V    SIMPULAN & ALUR PENELITIAN SELANJUTNYA .................... 40 
5.1  Simpulan ........................................................................................ 40 

5.2  Alur Penelitian Selanjutnya ........................................................... 40 

DAFTAR PUSTAKA ........................................................................................... 41 
LAMPIRAN  ......................................................................................................... 50 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 ix 

 
 

DAFTAR TABEL 

 

 

Tabel  Halaman 

3.1 Faktor dan Respon SLD……………………………………... 20 

3.2 Optimasi Formula Nanoemulsi Kurkumin SLD…………….. 21 

4.1 Hasil Respon Persentase Transmitan………………………... 26 

4.2 Analisis Model Eksperimen…………………………………. 27 

4.3 Uji ANOVA terhadap Respon………………………………. 27 

4.4 Hasil Analisis Regresi terhadap Respon…………………….. 27 

4.5 Formula Optimum Nanoemulsi Kurkumin………………….. 29 

4.6 Hasil Validasi Formula Optimum terhadap Respon ………… 29 

4.7 Hasil Karakterisasi Nanoemulsi Kurkumin………………….. 31 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 x 

 
 

DAFTAR GAMBAR 

 

 

Tabel  Halaman 

2.1 Struktur Lapisan Kulit……………………………………….. 4 

2.2 Lapisan Epidermis…………………………………………... 4 

2.3 Rute Penghantaran Obat Melalui Kulit…………………....... 8 

2.4 Kunyit…………………………………………...................... 11 

2.5 Struktur Kurkumin…………………………………………... 12 

2.6 
(A) Nanoemulsi Minyak dalam Air m/a (B) Nanoemulsi Air 

dalam Minyak a/m…………………………………………... 
13 

2.7 Mekanisme Nanoemulsi dalam Meningkatkan penetrasi……. 15 

2.8 Struktur Polietilen Glikol 40 Hydrogenated Castor Oil…….. 18 

2.9 Struktur Propilen Glikol……………………………………... 18 

4.1 Organoleptik 11 Run……………………………………….... 26 

4.2 Plot kontur (a) plot permukaan model 3D (b) ……………….. 28 

4.3 Plot kontur desirability dan prediksi respon formula optimum 29 

4.4 Organoleptik Nanoemulsi Kurkumin………………............... 31 

4.5 
Grafik Pengujian Ukuran Droplet (a) Replikasi 1, (b) replikasi 

2, (c) replikasi 3……………………………………………… 
34 

4.6 Grafik Pengujian Zeta Potensial……………………………... 35 

4.7 Panjang Gelombang Maksimum Kurkumin………………..... 36 

4.8 Grafik Kurva baku………………........................................... 36 

4.9 Grafik Uji Penetrasi Nanoemulsi Kurkumin............................ 37 

4.10 Grafik Fluks Nanoemulsi Kurkumin………………………... 38 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 xi 

 
 

DAFTAR LAMPIRAN 

 

 

Tabel  Halaman 

1. Hasil Optimasi Simplex Lattice Design……………………... 48 

2. Hasil Karakterisasi Nanoemulsi…………………………….. 50 

3. Hasil Uji Penetrasi…………………………………………... 52 

4. Hasil Pengujian Ukuran Droplet dan PDI…………………... 55 

5. Hasil Pengujian Zeta Potensial…………………..………….. 62 

6. Prosedur Kerja…………………..…………………………... 63 

7. Certificate of Analysis Isolat Kurkumin……………………... 65 

8. Certificate of Analysis Minyak Cengkeh……………………. 66 

9. Certificate of Analysis PEG-40 HCO……………………...... 67 

10. Certificate of Analysis Propilen Glikol…………………….... 69 

11. Certificate of Analysis Aquadest……………………............. 70 

12.  Certificate of Analysis Kalium Dihidrogen Fosfat Pro 

Analisis……………………………………………………… 

71 

13. Certificate of Analysis Metanol Pro Analisis…………………. 72 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 41 

 
 

DAFTAR PUSTAKA 

 

 

Abdo, J. M., Sopko, N. A. and Milner, S. M. (2020) ‘The applied anatomy of human 

skin: A model for regeneration’, Wound Medicine. Elsevier GmbH.  

Acharya, S. D. et al. (2020) ‘QbD based optimization of curcumin nanoemulsion: 

DoE and cytotoxicity studies’, Indian Journal of Pharmaceutical Education 
and Research, 54(2), pp. 329–336.  

Ahmad, N. et al. (2019) ‘Preparation of a novel curcumin nanoemulsion by 

ultrasonication and its comparative effects in wound healing and the 

treatment of inflammation’, RSC Advances, 9(35), pp. 20192–20206.  

Akbari, J. et al. (2020) ‘Curcumin Niosomes (curcusomes) as an alternative to 

conventional vehicles: A potential for efficient dermal delivery’, Journal of 
Drug Delivery Science and Technology, 60.  

Alencar-Luciano, W. et al. (2023) ‘Effect of digestible versus non-digestible citral 

nanoemulsions on human gut microorganisms: An in vitro digestion study’, 

Food Research International, 173.  

Algahtani, M. S. et al. (2021) ‘Preparation and characterization of curcumin 

nanoemulgel utilizing ultrasonication technique for wound healing: In vitro, 

ex vivo, and in vivo evaluation’, Gels, 7(4).  

Andjani, N. H. et al. (2025) ‘Formulasi self nanoemulsifying drug delivery system 

(snedds) grapeseed oil dengan campuran surfaktan tween 20 dan cremophor 

Rh40’, Indonesian Journal of Pharmaceutical Science and Technology, 

12(2), pp. 168–177.  

Annisa, R., Hendradi, E. and Melani, D. (2016) ‘Pengembangan sistem 

nanostructured lipid carriers (NLC) meloxicam dengan lipid monostearin 

dan miglyol 808 menggunakan metode emulsifikasi’, Journal of Tropical 
Pharmacy and Chemistry, 3(3), pp. 156–169.  

Anwar, S. S. et al. (2022) ‘Preageing of the skin among Asian populations’, JEADV 
Clinical Practice. John Wiley and Sons Inc, pp. 88–95.  

Apostolou, M. et al. (2021) ‘The effects of solid and liquid lipids on the 

physicochemical properties of nanostructured lipid carriers’, Journal of 
Pharmaceutical Sciences. Elsevier B.V., pp. 2859–2872.  

Artiga-Artigas, M., Lanjari-Pérez, Y. and Martín-Belloso, O. (2018) ‘Curcumin-

loaded nanoemulsions stability as affected by the nature and concentration 

of surfactant’, Food Chemistry, 266, pp. 466–474.  

Aulton, M. E., & Taylor, K. M. G. (2018). Pharmaceutics the design and 

manufacture of medicines. In Elsevier Ltd. (5th ed.). Elsevier Ltd. 

Bagale, U. et al. (2022) ‘In-vitro evaluation of high dosage of curcumin 

encapsulation in palm-oil-in-water, nanoemulsion stabilized with a 

sonochemical approach’, Karbala International Journal of Modern Science, 

8(1), pp. 83–95.  



 42 

 
 

Bakonyi, M. et al. (2018) ‘Stratum corneum lipid liposomes for investigating skin 

penetration enhancer effects’, RSC Advances, 8(48), pp. 27464–27469.  

Barbieri, J. S., Wanat, K. and Seykora, J. (2014) ‘Skin: Basic structure and 

function’, in Pathobiology of Human Disease: A Dynamic Encyclopedia of 
Disease Mechanisms. Elsevier Inc., pp. 1134–1144.  

Begum JP, S. et al. (2024) ‘Antimicrobial nanoemulsion: A futuristic approach in 

antibacterial drug delivery system’, Journal of Saudi Chemical Society. 

Elsevier B.V.  

Benson, H. A. E. et al. (2019) ‘Topical and transdermal drug delivery: From simple 

potions to smart technologies’, Current Drug Delivery, 16(5), pp. 444–460.  

Booravilli, J. and Sirisolla, J. D. (2025) ‘Spontaneous emulsification as a novel 

approach for the preparation and characterization of curcumin 

Nanoemulsion: Advancing bioavailability and therapeutic efficacy’, 

Journal of Young Pharmacists, 17(1), pp. 166–175.  

Bulut, N. et al. (2018) ‘Synthesis of some novel pyridine compounds containing 

bis-1,2,4-triazole/thiosemicarbazide moiety and investigation of their 

antioxidant properties, carbonic anhydrase, and acetylcholinesterase 

enzymes inhibition profiles’, Journal of Biochemical and Molecular 
Toxicology, 32(1).  

Brown TM, Krishnamurthy K. (2022). Histologi, Dermis. In NCBI Bookshelf. 

StatPearls. 

Callender, V. D. et al. (2022) ‘Effects of topical retinoids on acne and post-

inflammatory hyperpigmentation in patients with skin of color: A clinical 

review and implications for practice’, American Journal of Clinical 
Dermatology, 23(1), pp. 69–81.  

Chauhan, I. et al. (2020) ‘Nanostructured lipid carriers: A groundbreaking approach 

for transdermal drug delivery’, Advanced Pharmaceutical Bulletin. Tabriz 

University of Medical Sciences, pp. 150–165.  

Chuesiang, P. et al. (2018) ‘Optimization of cinnamon oil nanoemulsions using 

phase inversion temperature method: Impact of oil phase composition and 

surfactant concentration’, Journal of Colloid and Interface Science, 514, pp. 

208–216.  

Dahash, R. A., Rajab, N. A. and Almajidi, Y. Q. (2021) ‘Investigation of the effect 

of variable components on the preparation and in-vitro evaluation of 

lacidipine as an oral nanoemulsion dosage form’, International Journal of 
Drug Delivery Technology, 11(3), pp. 1031–1036.  

Dini, I. (2022) ‘Contribution of Nanoscience Research in Antioxidants Delivery 

Used in Nutricosmetic Sector’, Antioxidants. MDPI.  

Dinshaw, I. J. et al. (2021) ‘Nanoemulsions: A review on the conceptualization of 

treatment for psoriasis using a “green” surfactant with low-energy 

emulsification method’, Pharmaceutics, 13(7).  



 43 

 
 

Elmataeeshy, M. E. et al. (2018) ‘Enhanced transdermal permeability of 

Terbinafine through novel nanoemulgel formulation; Development, in vitro 

and in vivo characterization’, Future Journal of Pharmaceutical Sciences, 

4(1), pp. 18–28.  

Elmowafy, M. (2021) ‘Skin penetration/permeation success determinants of 

nanocarriers: Pursuit of a perfect formulation’, Colloids and Surfaces B: 
Biointerfaces. Elsevier B.V.  

Filho, J. G. de O. et al. (2021) ‘Nanoemulsions as edible coatings: A potential 

strategy for fresh fruits and vegetables preservation’, Foods. MDPI.  

Firmansyah, F. et al. (2022) ‘Development of novel curcumin nanoemulgel: 

Optimisation, characterisation, and ex vivo permeation’, Pharmacy 
Education, 22(2), pp. 98–103.  

Francenia Santos-Sánchez, N. et al. (2019) ‘Antioxidant Compounds and Their 

Antioxidant Mechanism’, in Antioxidants. IntechOpen.  

Frei, G. et al. (2023) ‘In Vitro and In Vivo Efficacy of Topical Dosage Forms 

Containing Self-Nanoemulsifying Drug Delivery System Loaded with 

Curcumin’, Pharmaceutics, 15(8).  

Fuloria, S. et al. (2022) ‘A Comprehensive Review on the Therapeutic Potential of 

Curcuma longa Linn. in Relation to its Major Active Constituent 

Curcumin’, Frontiers in Pharmacology. Frontiers Media S.A.  

Gaber, D. A. et al. (2023) ‘Nano-Emulsion Based Gel for Topical Delivery of an 

Anti-Inflammatory Drug: In vitro and in vivo Evaluation’, Drug Design, 
Development and Therapy, 17, pp. 1435–1451.  

Gardouh, A. R. et al. (2018) ‘Influence of formulation factors on the size of 

nanostructured lipid carriers and nanoemulsion prepared by high shear 

homogenization’, International Journal of Pharmacy and Pharmaceutical 
Sciences, 10(4), pp. 61.  

Gilaberte, Y. et al. (2016) ‘Anatomy and function of the skin’, in Nanoscience in 
Dermatology. Elsevier Inc., pp. 1–14.  

Gomaa, E. et al. (2022) ‘Methods for preparation of nanostructured lipid carriers’, 

Methods, 199, pp. 3–8.  

Gopinath, H. and Karthikeyan, K. (2018) ‘Turmeric: A condiment, cosmetic and 

cure’, Indian Journal of Dermatology, Venereology and Leprology. Wolters 

Kluwer Medknow Publications, pp. 16–21.  

Gul, U. et al. (2022) ‘Olive oil and clove oil-based nanoemulsion for topical 

delivery of terbinafine hydrochloride: in vitro and ex vivo evaluation’, Drug 
Delivery, 29(1), pp. 600–612.  

Harmita, H. (2004). Petunjuk Pelaksanaan Validasi Metode dan Cara 

Perhitungannya. Majalah Ilmu Kefarmasian, 1(3),117-135. 

He, X. et al. (2023) ‘Research progress on skin aging and active ingredients’, 

Molecules. Multidisciplinary digital publishing institute (MDPI).  



 44 

 
 

Hussein, R. S. et al. (2024) ‘Influences on skin and intrinsic aging: Biological, 

environmental, and therapeutic insights’, Journal of Cosmetic 
Dermatology. John Wiley and Sons Inc.  

Indah Wiratantri, F., Merari Peranginangin, J. and Nanda Saifullah Sulaiman, T. 

(2024) ‘Optimization of curcumin encapsulation formula with chitosan and 

alginate using simplex lattice design and its effect on antioxidant activity’, 

Jurnal Kimia Riset. 
Indrati, O. et al. (2020) ‘Application of simplex lattice design on the optimization 

of andrographolide self nanoemulsifying drug delivery system (SNEDDS)’, 

Indonesian Journal of Pharmacy, 31(2), pp. 124–130.  

Iskandar, B. et al. (2024) ‘Herbal nanoemulsions in cosmetic science: A 

comprehensive review of design, preparation, formulation, and 

characterization’, Journal of Food and Drug Analysis, 32(4), pp. 428–458.  

Jacob, S. et al. (2024) ‘Innovations in nanoemulsion technology: Enhancing drug 

delivery for oral, parenteral, and ophthalmic applications’, Pharmaceutics. 

Multidisciplinary Digital Publishing Institute (MDPI).  

Jaiswal, M., Dudhe, R. and Sharma, P. K. (2015) ‘Nanoemulsion: an advanced 

mode of drug delivery system’, 3 Biotech. Springer Verlag, pp. 123–127.  

Kaur, K., Kumar, R. and Mehta, S. K. (2015) ‘Nanoemulsion: A new medium to 

study the interactions and stability of curcumin with bovine serum albumin’, 

Journal of Molecular Liquids, 209, pp. 62–70. 

Kemenkes RI (2020) Farmakope Indonesia edisi VI, Kementerian Kesehatan 

Republik Indonesia.  

Khanolkar, A. et al. (2017) ‘Application of quality by design: Development to 

manufacturing of diclofenac sodium topical gel’, AAPS PharmSciTech, 

18(7), pp. 2754–2763.  

Khosa, A., Reddi, S. and Saha, R. N. (2018) ‘Nanostructured lipid carriers for site-

specific drug delivery’, Biomedicine and Pharmacotherapy. Elsevier 

Masson SAS, pp. 598–613.  

Kim, J. C., Park, T. J. and Kang, H. Y. (2022) ‘Skin-Aging Pigmentation: Who Is 

the Real Enemy?’, Cells. MDPI.  

Komaiko, J. S. and Mcclements, D. J. (2016) ‘Formation of food-grade 

nanoemulsions using low-energy preparation methods: A review of 

available methods’, Comprehensive Reviews in Food Science and Food 
Safety, 15(2), pp. 331–352. 

Konstantinou, E., Longange, E. and Kaya, G. (2024) ‘Mechanisms of senescence 

and anti-senescence strategies in the skin’, Biology, 13(9), p. 647.  

Krutmann, J. et al. (2017) ‘The skin aging exposome’, Journal of Dermatological 
Science. Elsevier Ireland Ltd, pp. 152–161.  

Krutmann, J. et al. (2021) ‘Environmentally-induced (extrinsic) skin aging: 

Exposomal factors and underlying mechanisms’, Journal of Investigative 
Dermatology. Elsevier B.V., pp. 1096–1103.  



 45 

 
 

Kumar, M. et al. (2021) ‘Development and optimization of drug-loaded 

nanoemulsion system by phase inversion temperature (PIT) method using 

Box–Behnken design’, Drug Development and Industrial Pharmacy, 47(6), 

pp. 977–989.  

Kuncahyo, I. et al. (2019) ‘Assessment of fractional factorial design for the 

selection and screening of appropriate components of a self-

nanoemulsifying drug delivery system formulation’, Advanced 
Pharmaceutical Bulletin, 9(4), pp. 609–618.  

Kusbiantoro, D. & Y. Purwaningrum (2018) ‘Pemanfaatan kandungan metabolit 

sekunder pada tanaman kunyit dalam mendukung peningkatan pendapatan 

masyarakat’, Jurnal Kultivasi 17(1), pp 544-549. 

Lai, F. et al. (2020) ‘What’s new in the field of phospholipid vesicular nanocarriers 

for skin drug delivery’, International Journal of Pharmaceutics, 583.  

Le, T. T. N. et al. (2023) ‘Development and characterization of a hydrogel 

containing curcumin-loaded nanoemulsion for enhanced in vitro 

antibacteria and in vivo wound healing’, Molecules, 28(17).  

Lee, H., Hong, Y. and Kim, M. (2021) ‘Structural and functional changes and 

possible molecular mechanisms in aged skin’, International Journal of 
Molecular Sciences. MDPI.  

Liñán-Atero, R. et al. (2024) ‘Clove essential oil: Chemical profile, biological 

activities, encapsulation strategies, and food applications’, Antioxidants. 

Multidisciplinary Digital Publishing Institute (MDPI).  

Lukić, M., Pantelić, I. and Savić, S. D. (2021) ‘Towards optimal ph of the skin and 

topical formulations: From the current state of the art to tailored products’, 

Cosmetics. MDPI AG.  

Magrode, N. et al. (2024) ‘Microemulsions and nanoemulsions for topical delivery 

of tripeptide-3: From design of experiment to anti-sebum efficacy on facial 

skin’, Pharmaceutics, 16(4).  

Mahajan, H. and Patil, N. (2021) ‘Nanoemulsion containing a synergistic 

combination of curcumin and quercetin for nose-to-brain delivery: In vitro 

and in vivo studies’, Asian Pacific Journal of Tropical Biomedicine, 11(11), 

pp. 510–518.  

Malahayati, N. et al. (2021) ‘Karakterisasi ekstrak kurkumin dari kunyit putih 

(Kaemferia rotunda L.) dan kunyit kuning (Curcuma domestica Val.) 

characterization of curcumin crude extract from white turmeric (Kaemferia 
rotunda L.) and yellow turmeric (Curcuma domestica Val.)’, agriTECH, 

41(2), pp. 134–144.  

Mardhiani, Y. D., Puriyani A, D. and Fadilah, L. (2022) ‘Astaxanthin nanoemulsion 

formulation and evaluation’, Indonesian Journal of Pharmaceutics, 3(3), p. 

139.  

Md Saari, N. H. et al. (2020) ‘Curcumin-loaded nanoemulsion for better cellular 

permeation’, Scientia Pharmaceutica, 88(4), pp. 1–12.  



 46 

 
 

Md Saari, N. H., Chua, L. S. and Hasham, R. (2020) ‘Process optimization of 

curcumin-loaded coconut oil and honey nanoemulsion for better skin 

permeation’, International Journal of Nanoscience, 19(6).  

Michalak, M. (2022) ‘Plant-derived antioxidants: Significance in skin health and 

the ageing process’, International Journal of Molecular Sciences. MDPI.  

Milani, M. and Colombo, F. (2023) ‘Skin anti-aging Effect of oral vitamin A 

supplementation in combination with topical retinoic acid treatment in 

comparison with topical treatment alone: A randomized, prospective, 

assessor-blinded, parallel trial’, Cosmetics, 10(5).  

Milosheska, D. and Roškar, R. (2022) ‘Use of retinoids in topical antiaging 

treatments: A focused review of clinical evidence for conventional and 

nanoformulations’, Advances in Therapy. Adis, pp. 5351–5375.  

Mohsin, S. et al. (2016) ‘Formulation and stability of topical water in oil emulsion 

containing corn silk extract’, Tropical Journal of Pharmaceutical Research, 

15(6), pp. 1115–1121.  

Nguyen, A. V. and Soulika, A. M. (2019) ‘The dynamics of the skin’s immune 

system’, International Journal of Molecular Sciences. MDPI AG.  

Nie, Y. and Li, Y. (2025) ‘Curcumin: a potential anti-photoaging agent’, Frontiers 
in Pharmacology. Frontiers Media SA.  

Ningsih, I. Y. et al. (2020) ‘The formulation of ginger oil nanoemulsions of three 

varieties of ginger (Zingiber officinale rosc.) as natural antioxidant’, 

Journal of Research in Pharmacy, 24(6), pp. 914–924.  

Nur, A. F., Fauzana, N. A. and Fatmawati (2020) ‘Study of variation of natural 

ingredients turmeric extract (Curcuma domestica) and dayak onion 

(Eleutherine palmifolia (L.) Merr) on the treatment of infected sangkuriang 

catfish (Clarias gariepinus) catfish aeromonas hydriphilla bacteria’, 

International Journal of Agriculture, Environment and Bioresearch, 05(01), 

pp. 09–35.  

Pratiwi, G. et al. (2024) ‘Combination Simplex Lattice Design Modelling with 

Chemometrics Analysis for Optimization Formula Self-Nano Emulsion 

Loaded Quercetin’, Biointerface Research in Applied Chemistry, 14(1).  

Pratiwi, G., Ramadhiani, A. R. and Shiyan, S. (2022) ‘Understanding the 

combination of fractional factorial design and chemometrics analysis for 

screening super-saturable quercetin-self nano emulsifying components’, 

Pharmacia, 69(2), pp. 273–284.  

Pratiwi, L. et al. (2017) ‘Self-nanoemulsifying drug delivery system (Snedds) for 

topical delivery of mangosteen peels (Garcinia Mangostana l.,): 

Formulation design and in vitro studies’, Journal of Young Pharmacists, 

9(3), pp. 341–346.  

Preeti et al. (2023) ‘Nanoemulsion: An Emerging Novel Technology for Improving 

the Bioavailability of Drugs’, Scientifica. Hindawi Limited.  



 47 

 
 

Proksch, E. (2018) ‘pH in nature, humans and skin’, Journal of Dermatology. 

Blackwell Publishing Ltd, pp. 1044–1052 

Rahmat, S. D. et al. (2023) ‘Penentuan kelarutan kurkumin dalam delapan pelarut 

organik guna pengembangan sediaan farmasi berbahan dasar kurkumin 

menggunakan spektrofotometri visible dan gravimetri’, Jurnal Sains dan 

Teknologi Farmasi Indonesia, 12(2), pp 144-125. 

Rahmi, D. et al. (2021) ‘Antioxidant activity, skin iritation potential and chemical 

composition of clove leaf oil from west java indonesia’, Jurnal Sains Materi 
Indonesia, 23(1), p. 24.  

Ramadon, D. et al. (2022) ‘Enhancement strategies for transdermal drug delivery 

systems: current trends and applications’, Drug Delivery and Translational 
Research, 12(4), pp. 758–791.  

Rehman, F. U. et al. (2017) ‘From nanoemulsions to self-nanoemulsions, with 

recent advances in self-nanoemulsifying drug delivery systems 

(SNEDDS)’, Expert Opinion on Drug Delivery. Taylor and Francis Ltd, pp. 

1325–1340.  

Rohmah, A. et al. (2021) ‘The evaluation of activity and stability of isolated 

bromelain from pineapple cores (Ananas comosus [L.] Merr) and in vitro 

penetration test of nanoemulsion topical base’, International Journal of 
Applied Pharmaceutics, 13(5), pp. 336–342.  

Ruela, A. L. M. et al. (2016) ‘Evaluation of skin absorption of drugs from topical 

and transdermal formulations’, Brazilian Journal of Pharmaceutical 
Sciences, 52(3), pp. 527–544.  

Rungruang, R. et al. (2021) ‘Antioxidant and anti-aging enzyme activities of 

bioactive compounds isolated from selected Zingiberaceae plants’, 

Agriculture and Natural Resources, 55(1), pp. 153–160.  

Saraf, Swarnlata et al. (2011) ‘Development of novel cosmetic cream with 

Curcuma longa extract loaded transfersomes for anti-wrinkle effect 

Development of novel herbal cosmetic cream with Curcuma longa extract 

loaded transfersomes for antiwrinkle effect’, African Journal of Pharmacy 
and Pharmacology, 5(8), pp. 1054–1062.  

Sarkic, A. and Stappen, I. (2018) ‘Essential oils and their single compounds in 

cosmetics-a critical review’, Cosmetics. MDPI AG.  

Schleusener, J. et al. (2021) ‘Retaining skin barrier function properties of the 

stratum corneum with components of the natural moisturizing factor—a 

randomized, placebo-controlled double-blind in vivo study’, Molecules, 

26(6).  

Sen, P. et al. (2023) ‘Skin and soft tissue diseases and their treatment in society’, 

Community Acquired Infection, 10.  

Shaker, D. S. et al. (2019) ‘Nanoemulsion: A review on mechanisms for the 

transdermal delivery of hydrophobic and hydrophilic drugs’, Scientia 
Pharmaceutica. MDPI AG.  



 48 

 
 

Sheskey, Paul., J., C., Walter G, & Cable, C. G. 2020. Handbook of pharmaceutical 

excipients (9th ed). The Pharmaceutical Press: New York. 

Singh, R. D. et al. (2022) ‘A review on green nanoemulsions for cosmetic 

applications with special emphasis on microbial surfactants as impending 

emulsifying agents’, Journal of Surfactants and Detergents. John Wiley and 

Sons Inc, pp. 303–319.  

Singh, T. P. et al. (2021) ‘Formulation development and characterization of 

nanoemulsion-based gel for topical application of raloxifene 

hydrochloride’, Indian Journal of Pharmaceutical Education and Research, 

55(4), pp. 996–1007.  

Smail, S. S. et al. (2021) ‘Studies on surfactants, cosurfactants, and oils for 

prospective use in formulation of ketorolac tromethamine ophthalmic 

nanoemulsions’, Pharmaceutics, 13(4).  

Sopyan, I. et al. (2022) ‘Overview of pectin as an excipient and its use in the 

pharmaceutical dosage form’, International Journal of Applied 

Pharmaceutics, 14(4), pp. 64–70.  

Souto, E. B. et al. (2022) ‘Physicochemical and biopharmaceutical aspects 

influencing skin permeation and role of SLN and NLC for skin drug 

delivery’, Heliyon. Elsevier Ltd.  

Suprihatin, T. et al. (2020) ‘Compounds in turmeric rhizome powder (Curcuma 
longa L.) which have potential as antioxidants’, Buletin Anatomi dan 
Fisiologi,5(1). 

Tan, P. L. et al. (2022) ‘Formulation and physicochemical evaluation of green 

cosmeceutical herbal face cream containing standardized mangosteen peel 

extract’, Cosmetics, 9(3).  

Tobin, D. J. (2017) ‘Introduction to skin aging’, Journal of Tissue Viability, 26(1), 

pp. 37–46.  

Ullah, N. et al. (2022) ‘Fabrication and optimization of essential-oil-loaded 

nanoemulsion using box–behnken design against staphylococos aureus and 

staphylococos epidermidis isolated from oral cavity’, Pharmaceutics, 14(8).  

Victorelli, S. and Passos, J. F. (2017) ‘Telomeres and cell senescence - size matters 

Not’, EBioMedicine. Elsevier B.V., pp. 14–20.  

Widyaningrum, I. et al. (2023) ‘Type of cosurfactant effects on particle size in 

nanoemulsion drug delivery systems’, East Asian Journal of 
Multidisciplinary Research, 2(9), pp. 3811–3820.  

Wohlrab, J. and Eichner, A. (2023) ‘Supersaturation as a galenic concept for 

improving the cutaneous bioavailability of drugs in topical therapy’, 

Dermatology and Therapy. Adis, pp. 391–398.  

Wohlrab, J. and Gebert, A. (2018) ‘PH and buffer capacity of topical formulations’, 

Current Problems in Dermatology (Switzerland), 54, pp. 123–131.  

Wong, R. et al. (2016) ‘The dynamic anatomy and patterning of skin’, Experimental 
Dermatology, 25(2), pp. 92–98. 



 49 

 
 

Yousef, S. A. et al. (2019) ‘Mechanistic evaluation of enhanced curcumin delivery 

through human skin in vitro from optimised nanoemulsion formulations 

fabricated with different penetration enhancers’, Pharmaceutics, 11(12).  

Yuan Shan, C. and Iskandar, Y. (2018) Studi kandungan kimia dan aktivitas 

farmakologi tanaman kunyit (Curcuma longa L.). 

Yukuyama, M. N. et al. (2016) ‘Nanoemulsion: Process selection and application 

in cosmetics - A review’, International Journal of Cosmetic Science. 

Blackwell Publishing Ltd, pp. 13–24.  

Zeng, L., Xin, X. and Zhang, Y. (2017) ‘Development and characterization of 

promising Cremophor EL-stabilized o/w nanoemulsions containing short-

chain alcohols as a cosurfactant’, RSC Advances, 7(32), pp. 19815–19827.  

Zhang, S. and Duan, E. (2018) ‘Fighting against Skin Aging: The Way from Bench 

to Bedside’, Cell Transplantation. SAGE Publications Ltd, pp. 729–738.  

Zhao, S. et al. (2018) ‘The stability of three different citrus oil-in-water emulsions 

fabricated by spontaneous emulsification’, Food Chemistry, 269, pp. 577–

587.  

Zheng, B. and McClements, D. J. (2020) ‘Formulation of more efficacious 

curcumin delivery systems using colloid science: Enhanced solubility, 

stability, and bioavailability’, Molecules. MDPI AG.  

  

 

 

 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 


