
FR-i3L-7.0.3 Rev 0 

32 

 

References 

Abdel-Kader, M. M., El-Mougy, N. S., Khalil, M. S., El-Gamal, N. G., & Attia, M. (2023). Soil drenching and 

foliar spray with bioagents for reducing wheat leaf diseases under natural field conditions. Journal of 

Plant Diseases and Protection, 130(2), 279–291. https://doi.org/10.1007/s41348-023-00705-z  

Alam, P., Balawi, T. A., & Faizan, M. (2022). Salicylic Acid's Impact on Growth, Photosynthesis, and 

Antioxidant Enzyme Activity of Triticum aestivum When Exposed to Salt. Molecules (Basel, 

Switzerland), 28(1), 100. https://doi.org/10.3390/molecules28010100 

Al-Bukhaiti, W. Q., Noman, A., Qasim, A. S., & Al-Farga, A. (2017). Gas chromatography: Principles, 

advantages and applications in food analysis. International Journal of Agriculture Innovations and 

Research, 6(1), 2319-1473. 

Alhamdani, M., Brown, B., & Narula, P. (2015). Abrin poisoning in an 18-month-old child. The American 

journal of case reports, 16, 146–148. https://doi.org/10.12659/AJCR.892917 

Alotaibi, M., El-Hendawy, S., Mohammed, N., Alsamin, B., & Refay, Y. (2023). Appropriate Application 

Methods for Salicylic Acid and Plant Nutrients Combinations to Promote Morpho-Physiological Traits, 

Production, and Water Use Efficiency of Wheat under Normal and Deficit Irrigation in an Arid Climate. 

Plants, 12(6), 1368. https://doi.org/10.3390/plants12061368 

Andika, N. A., Artini, K. S., & Wardani, T. S. (2023). Antibacterial Activity of Abrus precatorius L. Leaves Against 

Streptococcus mutans ATCC 25175 Bacteria. Journal of Fundamental and Applied Pharmaceutical 

Science, 3(2), 99-110. 

Bailly, C., & Vergoten, G. (2020). Glycyrrhizin: An alternative drug for the treatment of covid-19 infection and 

the associated respiratory syndrome? Pharmacology &amp; Therapeutics, 214, 107618. 

https://doi.org/10.1016/j.pharmthera.2020.107618  

Bhutia, S. K., & Maiti, T. K. (2011a). Crabs eye (abrus precatorius) seed and its immunomodulatory and 

antitumor properties. Nuts and Seeds in Health and Disease Prevention, 409–415. 

https://doi.org/10.1016/b978-0-12-375688-6.10049-0  



FR-i3L-7.0.3 Rev 0 

33 

 

Biswas, T., & Dwivedi, U. N. (2019). Plant triterpenoid saponins: biosynthesis, in vitro production, and 

pharmacological relevance. Protoplasma, 256, 1463-1486. https://doi.org/10.1007/s00709-019-

01411-0 

Choi, Y. H., Hussain, R. A., Pezzuto, J. M., Kingborn, A. D., & Morton, J. F. (1989). Abrusosides AD, four novel 

sweet-tasting triterpene glycosides from the leaves of Abrus precatorius. Journal of natural products, 

52(5), 1118-1127. https://doi.org/10.1021/np50065a032 

Coelho, F. P., & Alves, F. A. (1946). Liebermann-Burchard reaction. Nature, 157(3998), 803-803. 

Dafar, S., Bhelke, M. R., AM, N., Dafar, D. P., & Rathod, S. S. (2023). A Review on Phytochemical and 

Pharmacological Study of Herbal Medicinal Plant: Abrus precatorious. International Journal of Newgen 

Research in Pharmacy & Healthcare, 161-173. https://doi.org/10.61554/ijnrph.v1i2.2023.31 

Dai, C., Qiu, L., Guo, L., Jing, S., Chen, X., Cui, X., & Yang, Y. (2019). Salicylic acid alleviates aluminum-induced 

inhibition of biomass by enhancing photosynthesis and carbohydrate metabolism in Panax 

Notoginseng. Plant and Soil, 445(1–2), 183–198. https://doi.org/10.1007/s11104-019-04293-6  

Das, S., & Bhakta, S. (2020). The medicinal values of Abrus Precatorius: A review study. Journal of Advanced 

Biotechnology and Experimental Therapeutics, 3(2), 84. https://doi.org/10.5455/jabet.2020.d111  

Das, B. K., Al-Amin, M. M., Russel, S. M., Kabir, S., Bhattacherjee, R., & Hannan, J. M. (2014). Phytochemical 

Screening and Evaluation of Analgesic Activity of Oroxylum indicum. Indian journal of pharmaceutical 

sciences, 76(6), 571–575. 

Dickers, K. J., Bradberry, S. M., Rice, P., Griffiths, G. D., & Vale, J. A. (2003). Abrin poisoning. Toxicological 

reviews, 22(3), 137–142. https://doi.org/10.2165/00139709-200322030-00002 

Divekar, P. A., Narayana, S., Divekar, B. A., Kumar, R., Gadratagi, B. G., Ray, A., Singh, A. K., Rani, V., Singh, 

V., Singh, A. K., Kumar, A., Singh, R. P., Meena, R. S., & Behera, T. K. (2022). Plant Secondary 

Metabolites as Defense Tools against Herbivores for Sustainable Crop Protection. International journal 

of molecular sciences, 23(5), 2690. https://doi.org/10.3390/ijms23052690 



FR-i3L-7.0.3 Rev 0 

34 

 

Fleck, J. D., Betti, A. H., Da Silva, F. P., Troian, E. A., Olivaro, C., Ferreira, F., & Verza, S. G. (2019). Saponins 

from Quillaja saponaria and Quillaja brasiliensis: particular chemical characteristics and biological 

activities. Molecules, 24(1), 171. https://doi.org/10.3390/molecules24010171 

Garaniya, N., & Bapodra, A. (2014). Ethno botanical and phytophrmacological potential of Abrus Precatorius 

L.: A Review. Asian Pacific Journal of Tropical Biomedicine, 4. 

https://doi.org/10.12980/apjtb.4.2014c1069  

Heinrich, M., Mah, J., & Amirkia, V. (2021). Alkaloids Used as Medicines: Structural Phytochemistry Meets 

Biodiversity-An Update and Forward Look. Molecules (Basel, Switzerland), 26(7), 1836. 

https://doi.org/10.3390/molecules26071836 

Kaur, A., Sharma, Y., Kumar, A., Ghosh, M. P., & Bala, K. (2022). In-vitro antiproliferative efficacy of abrus 

precatorius seed extracts on cervical carcinoma. Scientific Reports, 12(1). 

https://doi.org/10.1038/s41598-022-13976-7  

Kerr, P. G. (2013). Plants and tuberculosis. Fighting Multidrug Resistance with Herbal Extracts, Essential Oils 

and Their Components, 45–64. https://doi.org/10.1016/b978-0-12-398539-2.00005-7  

Khan, M. I., Fatma, M., Per, T. S., Anjum, N. A., & Khan, N. A. (2015). Salicylic acid-induced abiotic stress 

tolerance and underlying mechanisms in plants. Frontiers in plant science, 6, 462. 

https://doi.org/10.3389/fpls.2015.00462 

Klessig, D. F., Choi, H. W., & Dempsey, D. M. A. (2018). Systemic acquired resistance and salicylic acid: past, 

present, and future. Molecular plant-microbe interactions, 31(9), 871-888. 

Koo, Y. M., Heo, A. Y., & Choi, H. W. (2020). Salicylic Acid as a Safe Plant Protector and Growth Regulator. 

The plant pathology journal, 36(1), 1–10. https://doi.org/10.5423/PPJ.RW.12.2019.0295 

Kowalska, A., & Kalinowska‐Lis, U. (2019). 18β‐Glycyrrhetinic acid: its core biological properties and 

dermatological applications. International journal of cosmetic science, 41(4), 325-331. 

https://doi.org/10.1111/ics.12548 



FR-i3L-7.0.3 Rev 0 

35 

 

Kuete, V. (2014). Physical, hematological, and histopathological signs of toxicity induced by African medicinal 

plants. In Toxicological survey of African medicinal plants (pp. 635-657). Elsevier. 

https://doi.org/10.1016/B978-0-12-800018-2.00022-4 

Le, A. V., Parks, S. E., Nguyen, M. H., & Roach, P. D. (2018). Improving the vanillin-sulphuric acid method for 

quantifying total saponins. Technologies, 6(3), 84. https://doi.org/10.3390/technologies6030084  

Lee, B., Kwon, C. Y., Suh, H. W., Kim, Y. J., Kim, K. I., Lee, B. J., & Lee, J. H. (2023). Herbal medicine for the 

treatment of chronic cough: a systematic review and meta-analysis. Frontiers in pharmacology, 14, 

1230604. https://doi.org/10.3389/fphar.2023.1230604 

Lee, S. H., Bae, I. H., Choi, H., Choi, H. W., Oh, S., Marinho, P. A., ... & Lee, J. (2019). Ameliorating effect of 

dipotassium glycyrrhizinate on an IL-4-and IL-13-induced atopic dermatitis-like skin-equivalent model. 

Archives of Dermatological Research, 311, 131-140. https://doi.org/10.1007/s00403-018-1883-z 

Lei, Y., Harris, A. J., Wang, A., Zhao, L., Luo, M., Li, J., & Chen, H. (2022). Comparative transcriptomic analysis 

of genes in the triterpene saponin biosynthesis pathway in leaves and roots of Ardisia kteniophylla A. 

DC., a plant used in traditional Chinese medicine. Ecology and Evolution, 12(5), e8920. 

Li, A., Sun, X., & Liu, L. (2022). Action of Salicylic Acid on Plant Growth. Frontiers in plant science, 13, 878076. 

https://doi.org/10.3389/fpls.2022.878076 

Li, Y., Kong, D., Fu, Y., Sussman, M. R., & Wu, H. (2020). The effect of developmental and environmental 

factors on secondary metabolites in medicinal plants. Plant physiology and biochemistry : PPB, 148, 

80–89. https://doi.org/10.1016/j.plaphy.2020.01.006 

Lin, D., Xiao, M., Zhao, J., Li, Z., Xing, B., Li, X., Kong, M., Li, L., Zhang, Q., Liu, Y., Chen, H., Qin, W., Wu, H., & 

Chen, S. (2016). An Overview of Plant Phenolic Compounds and Their Importance in Human Nutrition 

and Management of Type 2 Diabetes. Molecules (Basel, Switzerland), 21(10), 1374. 

https://doi.org/10.3390/molecules21101374 

Liu, Y., Yang, L., Wang, H., & Xiong, Y. (2022). Recent Advances in Antiviral Activities of Triterpenoids. 

Pharmaceuticals (Basel, Switzerland), 15(10), 1169. https://doi.org/10.3390/ph15101169 

Majinda, R. R. (2012). Extraction and isolation of saponins. Natural products isolation, 415-426. 



FR-i3L-7.0.3 Rev 0 

36 

 

Marone, D., Mastrangelo, A. M., Borrelli, G. M., Mores, A., Laidò, G., Russo, M., & Ficco, D. B. M. (2022). 

Specialized metabolites: Physiological and biochemical role in stress resistance, strategies to improve 

their accumulation, and new applications in crop breeding and management. Plant Physiology and 

Biochemistry, 172, 48–55. https://doi.org/10.1016/j.plaphy.2021.12.037 

Mishra, S., Roychowdhury, R., Ray, S., Hada, A., Kumar, A., Sarker, U., Aftab, T., & Das, R. (2024). Salicylic acid 

(sa)-mediated plant immunity against biotic stresses: An insight on molecular components and 

signaling mechanism. Plant Stress, 11, 100427. https://doi.org/10.1016/j.stress.2024.100427  

Monson, R. K., Trowbridge, A. M., Lindroth, R. L., & Lerdau, M. T. (2022). Coordinated resource allocation to 

plant growth–defense tradeoffs. New Phytologist, 233(3), 1051-1066. 

Mora-Ocación, M. S., Morillo-Coronado, A. C., & Manjarres-Hernández, E. H. (2022). Extraction and 

quantification of saponins in quinoa (Chenopodium quinoa Willd.) genotypes from Colombia. 

International Journal of Food Science, 2022. https://doi.org/10.1155/2022/7287487 

Moses, T., Pollier, J., Thevelein, J. M., & Goossens, A. (2013). Bioengineering of plant (tri) terpenoids: from 

metabolic engineering of plants to synthetic biology in vivo and in vitro. New Phytologist, 200(1), 27-

43. https://doi.org/10.1111/nph.12325 

Noushahi, H. A., Khan, A. H., Noushahi, U. F., Hussain, M., Javed, T., Zafar, M., Batool, M., Ahmed, U., Liu, K., 

Harrison, M. T., Saud, S., Fahad, S., & Shu, S. (2022). Biosynthetic pathways of triterpenoids and 

strategies to improve their Biosynthetic Efficiency. Plant growth regulation, 97(3), 439–454. 

https://doi.org/10.1007/s10725-022-00818-9 

Oetomo, N. J., (2023). SEMI-QUANTITATIVE ANALYSIS OF TRITERPENOID SAPONIN IN ABRUS PRECATORIUS 

INDUCED BY METHYL JASMONATE. 

Okhale, S. E., & EM, N. (2016). Abrus precatorius Linn (Fabaceae): phytochemistry, ethnomedicinal uses, 

ethnopharmacology and pharmacological activities. Int J Pharm Sci Res, 1, 37-43. 

Pancheva, T. V., Popova, L. P., & Uzunova, A. N. (1996). Effects of salicylic acid on growth and photosynthesis 

in barley plants. Journal of plant physiology, 149(1-2), 57-63. 



FR-i3L-7.0.3 Rev 0 

37 

 

Partanen, P., Hultman, J., Paulín, L., Auvinen, P., & Romantschuk, M. (2010). Bacterial diversity at different 

stages of the composting process. BMC Microbiology, 10(1). https://doi.org/10.1186/1471-2180-10-

94 

Passos, M. L., & Saraiva, M. L. M. (2019). Detection in UV-visible spectrophotometry: Detectors, detection 

systems, and detection strategies. Measurement, 135, 896-904. 

Pedrosa, A. M., de Castro, W. V., Castro, A. H. F., & Duarte-Almeida, J. M. (2020). Validated 

spectrophotometric method for quantification of total triterpenes in plant matrices. DARU Journal of 

Pharmaceutical Sciences, 28, 281-286. 

Perkampus, H. H. (2013). UV-VIS Spectroscopy and its Applications. Springer Science & Business Media. 

Ragasa, C. Y., Lorena, G. S., Mandia, E. H., Raga, D. D., & Shen, C. C. (2013). Chemical constituents of Abrus 

precatorius. Amer J Essent Oils Nat Prod, 1(2), 7-10.   

Rahimi, S., Kim, J., Mijakovic, I., Jung, K.-H., Choi, G., Kim, S.-C., & Kim, Y.-J. (2019). Triterpenoid-biosynthetic 

UDP-glycosyltransferases from plants. Biotechnology Advances, 37(7), 107394. 

https://doi.org/10.1016/j.biotechadv.2019.04.016  

Reza, M. N., Lee, K.-H., Karim, M. R., Haque, M. A., Bicamumakuba, E., Dey, P. K., Jang, Y. Y., & Chung, S.-O. 

(2025). Trends of Soil and Solution Nutrient Sensing for Open Field and Hydroponic Cultivation in 

Facilitated Smart Agriculture. Sensors, 25(2), 453. https://doi.org/10.3390/s25020453 

Sachdev, S., Ansari, S. A., Ansari, M. I., Fujita, M., & Hasanuzzaman, M. (2021). Abiotic stress and reactive 

oxygen species: Generation, signaling, and defense mechanisms. Antioxidants, 10(2), 277. 

https://doi.org/10.3390/antiox10020277  

Seki, H., Sawai, S., Ohyama, K., Mizutani, M., Ohnishi, T., Sudo, H., ... & Muranaka, T. (2011). Triterpene 

functional genomics in licorice for identification of CYP72A154 involved in the biosynthesis of 

glycyrrhizin. The Plant Cell, 23(11), 4112-4123. https://doi.org/10.1105/tpc.110.082685 

Sharma, D., Shree, B., Kumar, S., Kumar, V., Sharma, S., & Sharma, S. (2022). Stress induced production of 

plant secondary metabolites in vegetables: Functional approach for designing next generation super 



FR-i3L-7.0.3 Rev 0 

38 

 

foods. Plant Physiology and Biochemistry, 192, 252–272. 

https://doi.org/10.1016/j.plaphy.2022.09.034 

Shi, Q. I. U., Hui, S. U. N., Zhang, A. H., Hong-Ying, X. U., Guang-Li, Y. A. N., Ying, H. A. N., & Xi-Jun, W. A. N. 

G. (2014). Natural alkaloids: basic aspects, biological roles, and future perspectives. Chinese Journal of 

Natural Medicines, 12(6), 401-406. 

Singh, B., & Sharma, R. A. (2015). Plant terpenes: defense responses, phylogenetic analysis, regulation and 

clinical applications. 3 Biotech, 5(2), 129–151. https://doi.org/10.1007/s13205-014-0220-2 

Sinurat, J. P., Krisdianilo, V., Karo, R. M., & Berutu, R. (2020). Analysis of total terpenoids from Maniltoa 

grandiflora (A. Gray) Scheff leaves using TLC and HPLC methods. Stannum : Jurnal Sains Dan Terapan 

Kimia, 2(2), 5–9. https://doi.org/10.33019/jstk.v2i2.1976  

Sochacki, M., & Vogt, O. (2022). Triterpenoid Saponins from Washnut (Sapindus mukorossi Gaertn.)-A Source 

of Natural Surfactants and Other Active Components. Plants (Basel, Switzerland), 11(18), 2355. 

https://doi.org/10.3390/plants11182355 

Sun, Z. G., Zhao, T. T., Lu, N., Yang, Y. A., & Zhu, H. L. (2019). Research progress of glycyrrhizic acid on antiviral 

activity. Mini reviews in medicinal chemistry, 19(10), 826-832. 

https://doi.org/10.2174/1389557519666190119111125 

Timilsena, Y. P., Phosanam, A., & Stockmann, R. (2023). Perspectives on saponins: Food Functionality and 

Applications. International Journal of Molecular Sciences, 24(17), 13538. 

https://doi.org/10.3390/ijms241713538 

Ullah, A., Munir, S., Badshah, S. L., Khan, N., Ghani, L., Poulson, B. G., Emwas, A. H., & Jaremko, M. (2020). 

Important Flavonoids and Their Role as a Therapeutic Agent. Molecules (Basel, Switzerland), 25(22), 

5243. https://doi.org/10.3390/molecules25225243x 

Vijendra, P. D., Jayanna, S. G., Kumar, V., Sannabommaji, T., J, R., & Gajula, H. (2020). Product enhancement 

of triterpenoid saponins in cell suspension cultures of Leucas Aspera Spreng. Industrial Crops and 

Products, 156, 112857. https://doi.org/10.1016/j.indcrop.2020.112857  



FR-i3L-7.0.3 Rev 0 

39 

 

War, A. R., Paulraj, M. G., War, M. Y., & Ignacimuthu, S. (2011). Role of salicylic acid in induction of plant 

defense system in Chickpea (cicer arietinumL.). Plant Signaling &amp; Behavior, 6(11), 1787–1792. 

https://doi.org/10.4161/psb.6.11.17685  

Wu, X., Jia, L., Wu, J., Liu, Y., Kang, H., Liu, X., Li, P., He, P., Tu, Y., & Li, B. (2019). Simultaneous Determination 

and Quantification of Triterpene Saponins from Camellia sinensis Seeds Using UPLC-PDA-QTOF-

MS/MS. Molecules (Basel, Switzerland), 24(20), 3794. https://doi.org/10.3390/molecules24203794  

Wutsqa, Y. U., Suratman, S., & Sari, S. L. A. (2021). Detection of terpenoids and steroids in Lindsaea obtusa 

with thin layer chromatography. Asian Journal of Natural Product Biochemistry, 19(2). 

https://doi.org/10.13057/biofar/f190204 

Xiong, Q., Wilson, W. K., & Pang, J. (2007). The Liebermann-Burchard reaction: sulfonation, desaturation, 

and rearrangment of cholesterol in acid. Lipids, 42(1), 87–96. https://doi.org/10.1007/s11745-006-

3013-5 

Yandamuri, N., Srinivas Nagabattula, K. R., Kurra, S. S., Batthula, S., Nainesha Allada, L. P. S., & Bandam, P. 

(2013). Comparative study of new trends in HPLC: a review. International Journal of Pharmaceutical 

Sciences Review and Research, 23(2), 52-57. 

Zahid, A., Yike, G., Abdul Razzaq, A., Munawar, M., Fozia, Ramzan, M., Almutairi, B. O., & Almutairi, M. H. 

(2023). Foliar spray of salicylic acid and ascorbic acid ameliorates the biochemical compounds in 

hybrid chillies. Journal of King Saud University - Science, 35(5), 102660. 

https://doi.org/10.1016/j.jksus.2023.102660  

Zeece, M. (2020). Flavors. Introduction to the Chemistry of Food, 213–250. https://doi.org/10.1016/B978-

0-12-809434-1.00006-2 

Zhang, J., Cook, J., Nearing, J. T., Zhang, J., Raudonis, R., Glick, B. R., Langille, M. G. I., & Cheng, Z. (2021). 

Harnessing the plant microbiome to promote the growth of agricultural crops. Microbiological 

Research, 245, 126690. https://doi.org/10.1016/j.micres.2020.126690 


	Acknowledgements
	Table of Content
	List of Figures
	List of Tables
	List of Abbreviations
	Chapter 1  Introduction
	1.1 Background
	1.2 Objective
	1.3 Hypothesis

	Chapter 2  Literature Review
	2.1 Abrus precatorius
	2.2 Plant Secondary Metabolites
	2.3 Salicylic Acid: A plant stress phytohormone
	2.4 Triterpenoid
	2.5 The Interplay Between Triterpenoid and Salicylic Acid Signaling
	2.6 Glycyrrhizin and Abrusoside
	2.7 Foliar Application of Salicylic Acid Treatment
	2.8 Liebermann Burchard Test and UV-Vis Spectrophotometer Analysis

	Chapter 3  Methods
	3.1 Plant Material
	3.2 Salicylic Acid Treatment
	3.3 Leaves & Roots Extraction
	3.4 Saponin Measurement Using Liebermann-Burchard Reagent and Quantification of Triterpenoid Saponin Using UV-VIS Spectrophotometer
	3.5 Statistical Analysis

	Chapter 4 Results
	4.1 Comparison of Average Saga Height by Treatment
	4.2 Fresh and Dry Weight Biomass of Roots and Leaves
	4.3 Liebermann-Burchard Quillaja Standard Curve
	Quillaja saponin, which was chosen as a standard because of its availability and abundance, was utilized to create the saponin standard curve (Reichert et al., 2019). Approximately 10 mg of quillaja saponin was combined with 10 mL of 70% ethanol. The ...
	4.4 Liebermann-Burchard Leaf Sample Analysis
	4.5 Liebermann-Burchard Root Sample Analysis
	5.1 Liebermann-Burchard and UV-Vis Analysis
	5.2 Effects of Foliar Treatment of Salicylic Acid Towards Saponin Production on A. precatorius
	5.3  Limitations

	Chapter 6 Conclusion and Recommendation
	References
	Appendix

		2025-01-28T14:23:54+0700
	JAKARTA
	e-meterai_signatures
	[XL9KXYV3DC0GXMI1000F09] Ref-341578172708805




