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KATA PENGANTAR 

 

Puji syukur ke hadirat Tuhan Yang Maha Esa atas rahmat dan 

karunia-Nya, sehingga buku ajar berjudul Flavonoid: Pendekatan 

Farmakognosi dan Farmakologi dalam Pengembangan Sediaan 

Farmasi dapat disusun dan diterbitkan. Buku ini hadir untuk 

memberikan wawasan mengenai flavonoid sebagai senyawa alami 

yang memiliki peran penting dalam pengembangan berbagai sediaan 

farmasi, dengan pembahasan yang disajikan secara sistematis dan 

mudah dipahami. 

Materi dalam buku ini menguraikan sumber flavonoid, 

karakteristik, aktivitas farmakologi, serta pemanfaatannya dalam 

pengembangan produk farmasi. Penyajian isi dirancang agar dapat 

diikuti oleh berbagai kalangan yang memiliki minat terhadap dunia 

kesehatan, bahan alam, dan inovasi produk farmasi. 

Buku ini diterbitkan untuk masyarakat umum sebagai sarana 

memperluas pemahaman mengenai potensi flavonoid dalam bidang 

farmasi. Semoga kehadiran buku ini memberikan manfaat, 

menumbuhkan ketertarikan terhadap pemanfaatan bahan alam, serta 

menjadi bacaan yang bernilai bagi para pembaca. 

 

Jakarta, Juni 2026 

 

 

Tim Penyusun 



iv 
 

DAFTAR ISI 

 

KATA PENGANTAR ................................................................... iii 

DAFTAR ISI .................................................................................. iv 

Bab 1: Konsep Dasar Farmasi Bahan Alam ................................ 1 

1.1 Pengertian dan Ruang Lingkup Farmasi Bahan Alam ........... 1 

1.2 Peran Bahan Alam dalam Pengembangan Obat ..................... 4 

1.3 Metabolit Primer dan Metabolit Sekunder ............................. 7 

1.4 Kedudukan Flavonoid dalam Farmasi Bahan Alam ............. 11 

1.5 Relevansi Farmasi Bahan Alam dalam Ilmu Kefarmasian .. 14 

1.6 Kesimpulan ........................................................................... 18 

1.7 Latihan Soal .......................................................................... 19 

Bab 2: Konsep Dasar Flavonoid ................................................. 20 

2.1 Definisi dan Terminologi Flavonoid .................................... 20 

2.2 Sejarah dan Perkembangan Penelitian Flavonoid ................ 22 

2.3 Karakter Umum dan Sifat Dasar Flavonoid ......................... 25 

2.4 Fungsi Biologis Flavonoid pada Tumbuhan ........................ 29 

2.5 Signifikansi Flavonoid dalam Bidang Farmasi .................... 32 

2.6 Kesimpulan ........................................................................... 36 

2.7 Latihan Soal .......................................................................... 37 

Bab 3: Struktur Kimia dan Klasifikasi Flavonoid .................... 38 



v 
 

3.1 Kerangka Dasar Struktur Flavonoid ..................................... 38 

3.2 Klasifikasi Flavonoid Berdasarkan Tingkat Oksidasi .......... 41 

3.3 Flavon dan Flavonol ............................................................. 44 

3.4 Flavanon, Flavanol, dan Isoflavon ....................................... 47 

3.5 Antosianidin dan Kalkon ...................................................... 50 

3.6 Kesimpulan ........................................................................... 54 

3.7 Latihan Soal .......................................................................... 55 

Bab 4: Sumber Alam dan Distribusi Flavonoid ........................ 57 

4.1 Flavonoid pada Tanaman Obat ............................................. 57 

4.2 Distribusi Flavonoid dalam Organ Tumbuhan ..................... 60 

4.3 Faktor Genetik yang Mempengaruhi Kandungan Flavonoid63 

4.4 Faktor Lingkungan dan Budidaya ........................................ 66 

4.5 Pengaruh Pascapanen terhadap Kandungan Flavonoid ........ 69 

4.6 Kesimpulan ........................................................................... 73 

4.7 Latihan Soal .......................................................................... 74 

Bab 5: Biosintesis dan Regulasi Flavonoid ................................ 75 

5.1 Jalur Biosintesis Flavonoid .................................................. 75 

5.2 Jalur Asam Shikimat dan Asetat Malonat ............................ 78 

5.3 Enzim Kunci dalam Biosintesis Flavonoid .......................... 81 

5.4 Regulasi Biosintesis Flavonoid ............................................ 84 



vi 
 

5.5 Hubungan Biosintesis dengan Produksi Metabolit Sekunder

 .................................................................................................... 87 

5.6 Kesimpulan ........................................................................... 91 

5.7 Latihan Soal .......................................................................... 92 

Bab 6: Sifat Fisika dan Kimia Flavonoid ................................... 93 

6.1 Sifat Fisika Flavonoid .......................................................... 93 

6.2 Sifat Kimia Flavonoid .......................................................... 96 

6.3 Reaksi Kimia Khas Flavonoid .............................................. 98 

6.4 Stabilitas dan Degradasi Flavonoid .................................... 101 

6.5 Hubungan Struktur Kimia dan Aktivitas Biologis ............. 104 

6.6 Kesimpulan ......................................................................... 108 

6.7 Latihan Soal ........................................................................ 109 

Bab 7: Metode Ekstraksi Flavonoid ......................................... 111 

7.1 Prinsip Ekstraksi Senyawa Bahan Alam ............................ 111 

7.2 Metode Ekstraksi Konvensional ......................................... 114 

7.3 Metode Ekstraksi Modern .................................................. 117 

7.4 Faktor yang Mempengaruhi Hasil Ekstraksi ...................... 120 

7.5 Pemilihan Metode Ekstraksi Flavonoid ............................. 122 

7.6 Kesimpulan ......................................................................... 127 

7.7 Latihan Soal ........................................................................ 128 

Bab 8: Isolasi dan Pemurnian Flavonoid ................................. 129 



vii 
 

8.1 Prinsip Isolasi Senyawa Aktif ............................................ 129 

8.2 Teknik Kromatografi untuk Flavonoid ............................... 132 

8.3 Isolasi Flavonoid Skala Laboratorium ............................... 135 

8.4 Pemurnian dan Uji Kemurnian ........................................... 138 

8.5 Kendala dalam Isolasi Flavonoid ....................................... 141 

8.6 Kesimpulan ......................................................................... 145 

8.7 Latihan Soal ........................................................................ 146 

Bab 9: Identifikasi dan Elusidasi Struktur Flavonoid ............ 148 

9.1 Uji Pendahuluan dan Skrining Flavonoid .......................... 148 

9.2 Identifikasi Menggunakan Kromatografi Lapis Tipis ........ 151 

9.3 Analisis Spektroskopi UV-Vis dan IR ............................... 154 

9.4 Analisis NMR dan Spektrometri Massa ............................. 157 

9.5 Penentuan Struktur Senyawa Flavonoid ............................. 161 

9.6 Kesimpulan ......................................................................... 165 

9.7 Latihan Soal (Esai) ............................................................. 166 

Bab 10: Aktivitas Farmakologi Flavonoid ............................... 167 

10.1 Aktivitas Antioksidan ....................................................... 167 

10.2 Aktivitas Antiinflamasi .................................................... 170 

10.3 Aktivitas Antimikroba ...................................................... 173 

10.4 Aktivitas Antikanker ........................................................ 176 

10.5 Aktivitas Farmakologi Lain Flavonoid ............................ 179 



viii 
 

10.6 Kesimpulan ....................................................................... 183 

10.7 Latihan Soal ...................................................................... 184 

Bab 11: Keamanan, Toksisitas, dan Bioavailabilitas Flavonoid

 ...................................................................................................... 185 

11.1 Aspek Keamanan Penggunaan Flavonoid ........................ 185 

11.2 Uji Toksisitas Flavonoid .................................................. 188 

11.3 Interaksi Flavonoid dengan Obat ..................................... 190 

11.4 Bioavailabilitas dan Metabolisme Flavonoid ................... 193 

11.5 Implikasi Keamanan dalam Penggunaan Klinis ............... 196 

11.6 Kesimpulan ....................................................................... 200 

11.7 Latihan Soal ...................................................................... 201 

Bab 12: Pengembangan dan Aplikasi Flavonoid dalam Bidang 

Farmasi ....................................................................................... 202 

12.1 Flavonoid dalam Obat Tradisional dan Modern............... 202 

12.2 Pengembangan Sediaan Farmasi Berbasis Flavonoid ...... 205 

12.3 Standarisasi dan Regulasi Produk Flavonoid ................... 208 

12.4 Tantangan Pengembangan Flavonoid sebagai Obat ......... 211 

12.5 Arah dan Prospek Penelitian Flavonoid ........................... 214 

12.6 Kesimpulan ....................................................................... 218 

12.7 Latihan Soal ...................................................................... 219 

Profil Penulis .............................................................................. 220 

Daftar Pustaka............................................................................ 221 



221 
 

Daftar Pustaka 

 

Abotaleb, M., Samuel, S. M., Varghese, E., Varghese, S., Kubatka, 

P., Liskova, A., & Büsselberg, D. (2018). Flavonoids in 

Cancer and Apoptosis. Cancers (MDPI), 11(1), 28. 

https://doi.org/https://doi.org/10.3390/cancers11010028.  

Akmal, A., Sabri, M., Begum, T., Uddin, A. B. M. H., Muzaffar, M., 

& Khan, A. (2023). The Antiparasitic Potential of Flavonols : 

A Systematic Review. International Journal of Allied Health 

Sciences, 9(2600), 3232–3255. 

https://doi.org/https://doi.org/10.31436/ijahs.v9i2. 

Alonso-Salces, R. M., Ndjoko-Ioset, K., Queiroz, E. F., Ioset, J. R., 

& Wolfender, J. L. (2020). Analytical strategies for the 

dereplication of flavonoids and other phenolic compounds. 

Journal of Chromatography A. 

Anggraito, Y. U., Susanti, R., Iswari, R. S., Yuniastuti, A., Lisdiana, 

WH, N., Habibah, N. A., & Bintari, S. H. (2018). Metabolit 

Sekunder Dari Tanaman: Aplikasi dan Produksi. Fakultas 

MIPA Universitas Negri Semarang. 

Atanasov, A. G., Zotchev, S. B., Dirsch, V. M., & Supuran, C. T. 

(2021). Natural products in drug discovery: Advances and 

opportunities. Nature Reviews Drug Discovery. 

Awouafack, M. D., Tane, P., & Morita, H. (2017). Isolation and 

structure characterization of flavonoids. Flavonoids-From 

Biosynthesis to Human Health, 1(1), 17–45. 



222 
 

Azmir, J., Zaidul, I. S. M., Rahman, M. M., Sharif, K. M., Mohamed, 

A., Sahena, F., & Omar, A. K. M. (2021). Techniques for 

extraction of bioactive compounds from plant materials: A 

review. Journal of Food Engineering. 

Batiha, G. E.-S., Beshbishy, A. M., Ikram, M., Mulla, Z. S., & 

Elewa, Y. H. A. (2020). The Pharmacological Activity, 

Biochemical Properties, and Pharmacokinetics of the Major 

Natural Polyphenolic Flavonoid: Quercetin. Foods, 9(3), 

374. https://doi.org/https://doi.org/10.3390/foods9030374 

Campos, C., Medeiros, R., & Cerqueira, F. (2024). Antimicrobial 

Activity of Dimeric Flavonoids. Compounds (MDPI), 4(2), 

214–229. 

https://doi.org/https://doi.org/10.3390/compounds4020011.  

Ch, L., Sep, L., Verma, D. K., Luna-garc, H. A., Rodr, L. V, Ilina, 

A., & Aguilar, C. N. (2020). Conventional and Emerging 

Extraction Processes of Flavonoids. Processes, 8(4), 434. 

https://doi.org/https://doi.org/10.3390/pr8040434 

Chemat, F., Rombaut, N., Sicaire, A. G., Meullemiestre, A., 

Fabiano-Tixier, A. S., & Abert-Vian, M. (2021). Ultrasound 

assisted extraction of bioactive compounds from plant 

materials: A review. Ultrasonics Sonochemistry, 70, 105303. 

Chen, L., Cao, H., Huang, Q., Xiao, J., & Teng, H. (2022). 

Absorption, metabolism and bioavailability of flavonoids: A 

review. Critical Reviews in Food Science and Nutrition, 

62(28), 7730–7742. 



223 
 

https://doi.org/https://doi.org/10.1080/10408398.202119175

08. 

Cheng, M., Ding, L., Kan, H., Zhang, H., Jiang, B., Sun, Y., Cao, S., 

Li, W., Koike, K., & Qiu, F. (2019). Isolation, structural 

elucidation and in vitro hepatoprotective activity of 

flavonoids from Glycyrrhiza uralensis. Journal of Natural 

Medicines, 73(4), 847–854. 

Chigayo, K., Eanas, P., Mojapelo, L., Mnyakeni-moleele, S., & 

Misihairabgwi, J. M. (2016). Phytochemical and antioxidant 

properties of different solvent extracts of Kirkia wilmsii 

tubers. Asian Pacific Journal of Tropical Biomedicine, 6(12), 

1037–1043. https://doi.org/10.1016/j.apjtb.2016.10.004 

Choudhary, N., Kumar, V., & Sharma, S. (2021). Pharmacognosy 

and natural products: Concepts and applications. Springer. 

Chu, Q., Xie, S., Wei, H., Tian, X., Tang, Z., Li, D., & Liu, Y. 

(2024). Ultrasonics Sonochemistry Enzyme-assisted 

ultrasonic extraction of total flavonoids and extraction 

polysaccharides in residue from Abelmoschus manihot (L). 

Ultrasonics Sonochemistry, 104(November 2023), 106815. 

https://doi.org/10.1016/j.ultsonch.2024.106815 

Cushnie, T. P., & Lamb, A. J. (2020). Antimicrobial activity of 

flavonoids. International Journal of Antimicrobial Agents, 

55(5), 105964. 

Dai, J., & Mumper, R. J. (2020). Plant phenolics: Extraction, 

analysis and their antioxidant and anticancer properties. 

Molecules. 



224 
 

Deng, M., Jia, X., Dong, L., Liu, L., Huang, F., Chi, J., Ma, Q., Zhao, 

D., Zhang, M., & Zhang, R. (2022). Structural elucidation of 

flavonoids from Shatianyu (Citrus grandis L. Osbeck) pulp 

and screening of key antioxidant components. Food 

Chemistry, 366, 130605. 

Dewi, I. K., Umboro, R. O., Noviyanty, Y., Astutiningsih, C., Bulu, 

A. T. I., & Sulastri, L. (2025). Fitokimia. Bukuloka Literasi 

Bangsa. 

Dewick, P.M Perroy, R., & Careas, S. (2015). Medicinal Natural 

Products Medicinal. In Statewide Agricultural Land Use 

Baseline 2015: Vol. 3rd Ed. A Jhon Wiley and Sons, Ltd. 

Dias, M. C., Pinto, D. C. G. A., & Silva, A. M. S. (2021). Plant 

Flavonoids: Chemical characteristics and biological activity. 

Molecules, 26(17), 1–16. 

https://doi.org/10.3390/molecules26175377 

Dirar, A. I., Alsaadi, D. H. M., Wada, M., Mohamed, M. A., 

Watanabe, T., & Devkota, H. P. (2019). South African 

Journal of Botany Effects of Extraction Solvents on Total 

Phenolic and Flavonoid Contents and Biological Activities 

of Extracts From Sudanese Medicinal Plants. South African 

Journal of Botany, 120, 261–267. 

https://doi.org/10.1016/j.sajb.2018.07.003 

Ekalu, A., & Habila, J. D. (2020). Flavonoids : Isolation, 

Characterization, and Health Benefits. Beni-Suef University 

Journal of Basic and Applied Sciences, 9(45). 

https://doi.org/https://doi.org/10.1186/s43088-020-00065-9 



225 
 

Falcone Ferreyra, M. L., Rius, S. P., & Casati, P. (2021). Flavonoids: 

Biosynthesis, biological functions, and biotechnological 

applications. Frontiers in Plant Science, 12, 714286. 

Ferraz, C. R., Carvalho, T. T., Manchope, F., Artero, N. A., Rasquel-

oliveira, F. S., Fattori, V., Casagrande, R., & Jr, W. A. V. 

(2019). Therapeutic Potential of Flavonoids in Pain and 

Inflammation: Mechanisms of Action, Pre-Clinical and 

Clinical Data, and Pharmaceutical Development. Molecules, 

25(3), 1–35. 

https://doi.org/https://doi.org/10.3390/molecules25030762.  

Ghasemzadeh, A., Baghdadi, A., Jaafar, H. Z. E., Swamy, M. K., & 

Wahab, P. E. M. (2018). Optimization of Flavonoid 

Extraction from Red and Brown Rice Bran and Evaluation of 

the Antioxidant Properties. Molecules, 23(8), 1863. 

https://doi.org/https://doi.org/10.3390/molecules23081863 

González-Sarrías, A., & Espín, J. C. (2020). Interactions between 

flavonoids and drug metabolism: Implications for 

nutraceutical and pharmacological applications. Current 

Opinion in Food Science, 31, 51–59. 

Gustavo, L., Ponte, S., Carolina, I., Pavan, B., Camargo, M., 

Mancini, S., Guilherme, L., Morelli, A. P., Severino, M. B., 

Maria, R., Bezerra, N., & Simabuco, F. M. (2021). The 

Hallmarks of Flavonoids in Cancer. Molecules (MDPI), 

26(7), 1–55. 

https://doi.org/https://doi.org/10.3390/molecules26072029.  



226 
 

Harborne, J. B., & Williams, C. A. (2021). Advances in flavonoid 

research: Chemistry and biological activities. Springer. 

Heim, K. E., Tagliaferro, A. R., & Bobilya, D. J. (2020). Flavonoid 

antioxidants: Chemistry, metabolism, and structure-activity 

relationships. The Journal of Nutritional Biochemistry, 83, 

108433. 

Hu, L., Luo, Y., Yang, J., & Cheng, C. (2025). Botanical 

Flavonoids : Efficacy, Absorption, Metabolism and 

Advanced Pharmaceutical Technology for Improving 

Bioavailability. Molecules (MDPI), 30(5), 1184. 

https://doi.org/https://doi.org/10.3390/molecules30051184.  

Huang, W., Wang, Y., & Chen, J. (2020). Regulatory perspectives 

and quality assessment of nutraceuticals and flavonoid 

supplements. Journal of Functional Foods, 74, 104168. 

Isah, T. (2020). Stress and defense responses in plant secondary 

metabolites production. Biological Research. 

Jucá, M. M., Cysne Filho, F. M. S., de Almeida, J. C., Mesquita, D. 

da S., Barriga, J. R. de M., Dias, K. C. F., Barbosa, T. M., 

Vasconcelos, L. C., Leal, L. K. A. M., & Ribeiro, J. E. 

(2018). Flavonoids: Biological Activities and Therapeutic 

Potential. Natural Product Research, 34(5), 692–705. 

https://doi.org/https://doi.org/10.1080/14786419.2018.1493

588 

Karak, P. (2019). Biological activities of flavonoids: An overview. 

Int. J. Pharm. Sci. Res, 10(4), 1567–1574. 



227 
 

Khoo, H. E., Azlan, A., Tang, S. T., & Lim, S. M. (2021). 

Anthocyanidins and anthocyanins: Colored pigments as 

food, pharmaceutical ingredients, and the potential health 

benefits. Food & Nutrition Research. 

Li, S., Tan, H. Y., Wang, N., Zhang, Z. J., Lao, L., Wong, C. W., & 

Feng, Y. (2020). The role of extraction methods on the 

bioactive compounds from plants. International Journal of 

Molecular Sciences, 21(12), 4617. 

Li, X., & Zhang, D. (2021). Standardization and quality control of 

flavonoid-containing herbal products: Approaches and 

challenges. Phytochemistry Reviews, 20(6), 1453–1475. 

Li, Z., Huang, Q., Zheng, Y., Liu, B., Shi, W., & Zeng, Z. (2023). 

Kaempferitrin: A Flavonoid Marker to Distinguish Camellia 

oleifera Honey. Nutrients, 15(2), 435. 

https://doi.org/https://doi.org/10.3390/nu15020435.  

Liskova, A., Koklesova, L., Samec, M., Smejkal, K., Samuel, S. M., 

Varghese, E., Abotaleb, M., Biringer, K., Kudela, E., Danko, 

J., Shakibaei, M., Kwon, T. K., Büsselberg, D., & Kubatka, 

P. (2020). Flavonoids in Cancer Metastasis. Cancers 

(MDPI), 12(6), 1498. 

https://doi.org/https://doi.org/10.3390/cancers12061498.  

Liu, W., Feng, Y., Yu, S., Fan, Z., Li, X., Li, J., & Yin, H. (2021). 

The Flavonoid Biosynthesis Network in Plants. 

Internasional Journal Molecular Sciences, 22(23), 1–18. 

https://doi.org/https://doi.org/10.3390/ijms222312824 

Mahmudah, B. H., Umboro, R. O., & Apriliany, F. (2021). The 



228 
 

Effectivness Test of Ciplukan (Physalis angulate L.) Leaf 

Extract On Wound Healing In Male Rabbit (Oryctolagus 

cuniculus) Wistar Strain. Cendikia Journal of Pharmacy, 

5(2), 196–205. 

https://doi.org/https://doi.org/10.31596/cjp.v5i2.122.  

Martínez-castillo, M., Pacheco-yepez, J., Flores-huerta, N., 

Guzman-Tellez, P., Jarillo-Luna, R. A., Cardenas-Jaramillo, 

L. M., Campos-Rodriguez, R., & Shibayama, M. (2018). 

Flavonoids as a Natural Treatment Against Entamoeba 

histolytica. Frontiers In Cellluler and Infection 

Microbiology, 8(June), 1–14. 

https://doi.org/https://doi.org/10.3389/fcimb.2018.00209.  

Martins, B. L., Anto, S., Souza, D., & Santana, K. (2021). Analysis 

of Conformational, Structural, Magnetic, and Electronic 

Properties Related to Antioxidant Activity : Revisiting 

Flavan, Anthocyanidin, Flavanone, Flavonol, Iso fl avone, 

Flavone, and. ACS Omega, 6(13), 8908–8918. 

https://doi.org/10.1021/acsomega.0c06156 

Mathesius, U. (2018). Flavonoid Functions in Plants and Their 

Interactions with Other Organisms. Plants, 7(2), 7–9. 

https://doi.org/https://doi.org/10.3390/plants7020030 

Mira, A., Aljarba, T. M., Bar, F. M. A., Ahmed, R., Walaa, A., 

Elekhnawy, E., El-seadawy, H. M., Elmorsy, E. A., Salwa, 

S., Negm, A., Elekhnawy, E., El-seadawy, H. M., Elmorsy, 

E. A., & Younis, S. S. (2025). Antiparasitic and antimicrobial 

activity of Ipomoea palmata against Toxoplasma gondii and 



229 
 

Staphylococcus aureus : Correlation with Major Phenolics 

Identified by HPLC. Artificial Cells, Nanomedicine, and 

Biotechnology An International Journal, 53(1), 194–206. 

https://doi.org/https://doi.org/10.1080/21691401.2025.2494

796.  

Mondal, S., & Rahaman, S. T. (2020). Flavonoids: A vital resource 

in healthcare and medicine. Pharm. Pharmacol. Int. J, 8(2), 

91–104. https://doi.org/10.15406/ppij.2020.08.00285.  

Mursiany, A., Umboro, R. O., & Anggraini, T. D. (2023). JURNAL 

LOCUS : Penelitian & Pengabdian Penetapan Kadar 

Flavanoid Total Infusa Rambut Jagung Manis (Zea mays 

Saccharata Sturt) Menggunakan Spektofotometri UV-Vis. 

Jurnal Locus:Penelitian Dan Pengabdian, 2(12), 1191–

1200. https://doi.org/10.58344/locus.v2i12.2354 

Naeem, A., Ming, Y., Pengyi, H., Jie, K. Y., Yali, L., Haiyan, Z., 

Shuai, X., Wenjing, L., Ling, W., & Xia, Z. M. (2022). The 

fate of flavonoids after oral administration: A comprehensive 

overview of its bioavailability. Critical Reviews in Food 

Science and Nutrition, 62(22), 6169–6186. 

https://doi.org/https://doi.org/10.1080/10408398.2021.1898

333.  

Naeimi, A. F., & Alizadeh, M. (2017). Antioxidant properties of the 

flavonoid fisetin: An updated review of in vivo and in vitro 

studies. Trends in Food Science & Technology, 70, 34–44. 

https://doi.org/https://doi.org/10.1016/j.tifs.2017.10.003.  



230 
 

Narayana, K. J., & Rajashekhar, M. (2020). Primary and secondary 

metabolites in microorganisms: Biochemical perspectives 

and applications. Biotechnology Reports, 25, e00413. 

Newman, D. J., & Cragg, G. M. (2020). Natural products as sources 

of new drugs over the nearly four decades from 01/1981 to 

09/2019. Journal of Natural Products. 

Panche, A. N., Diwan, A. D., & Chandra, S. R. (2021). Flavonoids: 

An overview. Journal of Nutritional Science, 10, e54. 

Patel, H. M., Noolvi, M. N., Goyal, A., & Jain, S. (2021). Structure–

activity relationship studies in drug discovery. Future 

Medicinal Chemistry. 

Pu, X., Li, J., Guo, Z., Wang, M., Lei, M., Yang, S., Yang, J., Wang, 

H., Zhang, L., & Huang, Q. (2022). Structure-based 

identification and pathway elucidation of flavonoids in 

Camptotheca acuminate. Synthetic and Systems 

Biotechnology, 7(2), 824–836. 

https://doi.org/10.1016/j.synbio.2022.03.007. 

Rana, A. C., & Gulliya, B. (2019). Chemistry and Pharmacology of 

Flavonoids- A Review. Indian Journal of Pharmaceutucal 

Education and Research, 53(1). 

https://doi.org/10.5530/ijper.53.1.3 

Rauf, A., Imran, M., Abu-Izneid, T., Patel, S., Pan, X., & Suleria, H. 

A. R. (2021). Flavonoids and their therapeutic applications. 

Biomedicine & Pharmacotherapy. 

Rieke, N., Hancox, J., Li, W., Milletarì, F., Roth, H. R., Albarqouni, 

S., Bakas, S., Galtier, M. N., Landman, B. A., Maier-Hein, 



231 
 

K., Ourselin, S., Sheller, M., Summers, R. M., Trask, A., Xu, 

D., Baust, M., & Cardoso, M. J. (2020). The future of digital 

health with federated learning. Nature Machine Intelligence, 

2(7), 409–412. 

Rodr, S. L., Luna, D., Ram, R. E., & Sald, S. O. S. (2020). 

Environmentally Friendly Methods for Flavonoid Extraction 

from Plant Material : Impact of Their Operating Conditions 

on Yield and Antioxidant Properties. Hindawi The Scientific 

World Journa, 2020(1). 

https://doi.org/10.1155/2020/6792069. 

Roy, A., Khan, A., Ahmad, I., Alghamdi, S., Rajab, B. S., 

Babalghith, A. O., Alshahrani, M. Y., Islam, S., & Islam, M. 

R. (2022). Flavonoids a bioactive compound from medicinal 

plants and its therapeutic applications. BioMed Research 

International, 2022(1), 5445291. 

https://doi.org/https://doi.org/10.1155/2022/5445291.  

Roy, K., Kar, S., & Das, R. N. (2022). Understanding the basics of 

QSAR for applications in pharmaceutical sciences. 

Academic Press. 

Salehi, B., Quispe, C., Imran, M., Ul-Haq, I., Živković, J., Abu-

Reidah, I. M., & Sharifi-Rad, J. (2022). Chalcones: 

Emerging lead compounds for cancer therapy. International 

Journal of Molecular Sciences. 

Sasidharan, S., Chen, Y., Saravanan, D., Sundram, K. M., & Yoga 

Latha, L. (2021). Extraction, isolation and characterization 

of bioactive compounds from plants’ extracts. African 


