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Abstract: Palmyraculture is a sustainable livelihood, in which people structure their lifestyle utilizing the values of the 

palmyra palm. The Asian palmyra palm, Borassus flabellifer, gives a lot of nutritional and nutraceutical products, as it is 

rich in vital biomolecules, especially flabelliferins and borassosides. Flabelliferins are found in the fruit, tuber, and 

inflorescence of palmyra palm, and the borassosides are found in the inflorescence. There are 14 types of flabelliferins 

(only nine of their structures are known) and six types of borassosides have been extracted so far. Flabelliferin F-II reduces 

intestinal glucose uptake and is anti-diabetic and anti-obesitic. Flabelliferin FB is an antimicrobial agent, an inhibitor for 

SARS-CoV main proteinase, a SARS-CoV main protease, and a human cellular transmembrane serine proteinase, while 

borassoside E is an antifungal agent. Further studies have to be conducted to determine the structures and functions of the 

other flabelliferins and borassosides. 
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1. Introduction 
Palmyra palm, botanically known as Borassus flabellifer, belongs to the family of Palmae and the sub-

family of Boracidae[1]. There are five types of plants that belong to the genus Borassus: Borassus aethiopum, 
Borassus akeassii, Borassus flabellifer Linn., Borassus heineanus, and Borassus madagascariensis[2]. Due to 
the presence of some vital biomolecules, the palmyra palm has a lot of medicinal and nutritional properties. 
The palmyra palm fruit is a diuretic, antioxidant, antibacterial agent, laxative, wound healer, and immune 
modulator. It is also used against helminthic and inflammation, and it helps prevent malnutrition[3]. The ripened 
fruit is rich in vitamins A, B1, B2, B3, B6, C, D3, E, and K and in flabelliferins, tannins, sugars, steroidal 
saponins, and phenolic compounds[4]. The various parts of the palmyra palm, starting from the fruit, leaves, 
trunk, sap, etc., have been utilized for generations for food, shelter, and medicinal needs. The lesser-known 
substances, flabelliferins and borassosides, have now been gaining attention because of their therapeutic 
potential. As the botanical name suggests, both flabelliferins and borassosides are some of the main 
biomolecules present in different parts of the palmyra palm tree and are found to be performing significant 
bioactivities, and thus flabelliferins and borassosides have emerged as promising nutraceuticals, as highlighted 
in Figure 1. They possess distinctive chemical structures and show unique biological activities. 

The paper focuses on a general overview of the structural features and functional properties of 
flabelliferins and borassosides. They are potentially suitable to be effective nutraceuticals based on their 
chemical properties and molecular structures. Additionally, their extraction and separation methods, biological 
activities, and scope and challenges when it comes to the pharmaceutical, nutraceutical, and food industries 
are highlighted. 
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Figure 1. Different parts of palmyra tree have flabelliferins and borassosides. 

2. Classification and sources 
Flabelliferins are biomolecules that belong to the group of steroidal saponins. The name flabelliferin 

originated from the species name, which is flabellifer. Different types of flabelliferins can be extracted from 
Borassus flabellifer (ripened fruit, tuber, and inflorescence) and the sponge Cateriospongia flabellifera[5–8]. In 
1994, two flabelliferin molecules were first identified from the fruit pulp of palmyra palm and were named F-
I and F-II. From that study, it was found that F-II is the reason for the bitterness of the fruit pulp, while F-I 
causes less bitterness[9]. Another study has shown that three other types of flabelliferins can be extracted from 
the palmyra fruit pulp: FB and FC flabelliferins (triglycosides) and FD flabelliferin (diglycoside)[10]. Thus, there 
are five main types of flabelliferins extracted from the fruit pulp of Palmyra (F-I, F-II, FB, FC, and FD). 

Borassosides are spirostane that belong to the group of steroid saponins[11]. These molecules can be 
extracted from the male inflorescence of Borassus flabellifer, the rhizome of Trillium govanianum, and 
Dracaena marginata[12–14]. From Borassus flabellifer, many substances have been identified, such as 
borassosides A through borassosides F, uracil, nicotinamide, 2,3,4-trihydroxy-5-methyl acetophenone, and 
(17)-23-(E)-dammara-20,23-diene-3,25-diol[15]. 

3. Extraction and separation techniques 
There have been different techniques used so far to separate flabelliferins. Selective solvent extraction is 

used to separate flabelliferins based on the carbohydrate moiety[16]. Thin layer chromatography helps in 
identifying the varieties of flabelliferins. Medium-pressure liquid chromatography is effective in separating 
five types of flabelliferins, including FD, FE, FF, and FN, and this method is found to be cost-effective, time-
saving, and efficient and can separate all types of flabelliferins. The direct isolation method is able to separate 
six types of flabelliferins (F-II, FB, FC, FD, FE, and FF)[17]. Also, solvent gradient column chromatography and 
chromatotron are used for the separation[18]. 
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Additionally, the debittering of the palmyra fruit pulp, as shown in Figure 2, can be done by either using 
the traditional way of heating the fruit pulp or by enzymatic debittering using naringinase (a mixture of β-
glucosidase and β-rhamnosidase from Penicillium decumbens) or Termamyl (a heat-stable α-amylase extracted 
from Bacillus licheniformis), which can also debitter crude bitter principal extracts (containing flabelliferins I 
and II). Enzymatic debittering removes the bitter taste by removing F-II. The enzymes are also found to remove 
the antimicrobial flabelliferin (FB), which helps in producing two new non-bitter flabelliferins that are present 
in the roots of the palmyra tree[9,19]. The debittered pulp with naringinase is found to be nutritious and helps in 
weight gain in mice. 

 
Figure 2. Biochemical and physical debittering processes of Palmyra fruit pulp. 

A mix of chromatography technologies and solvent-based extraction procedures is normally used to 
extract and separate borassosides. The first step is usually dissolving the borassosides or the plant materials 
that contain them, such as the male inflorescence of Borassus flabellifer. They are first macerated or immersed 
in organic solvents, such as methanol or ethanol[20]. Borassosides are one of a group of different chemicals that 
are included in the final crude extract. 

In order to purify these substances, processes, such as column chromatography, are routinely carried out. 
Such approaches allow the separation of borassosides based on their distinct features[21]. To get highly pure 
borassosides for use in research or industry, further chromatographic processes or crystallization may be 
required. 

4. Structural characteristics 
All the flabelliferins, as highlighted in Figure 3, are found to have β-Sitsosterol as the steroidal 

component. Only five of the flabelliferin structures have been identified, out of the 14 flabelliferins[18,22]. 

Flabelliferin II, which is the bitter flabelliferin, is a tetraglycoside having two glucose and two rhamnose 
residues[9]. From a methylation analysis, it was found that the carbohydrate chain of this molecule is not 
branched. Flabelliferin B is a branched tetra glycoside having one glucose and two rhamnose residues, and it 
is the only branched flabelliferin identified so far[18]. 

The methanolic extract of the male flowers is found to have six types of borassosides (new spirostane-
type steroid saponins), which are borassosides A, B, C, D, E, and F[20], as highlighted in Figure 4. In rats 
loaded with sucrose, a methanolic extract from the male flowers of Borassus flabellifer was observed to prevent 
an increase in serum glucose levels. 
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Figure 3. Structures of main flabelliferins present in palmyra palm. 

 
Figure 4. Structures of borassosides present in palmyra palm. 

5. Biological activities of flabelliferins 
Different types of flabelliferins extracted from the palmyra tree are found to have some significant 

biological activities. It is found that the hydrophobic molecules (carotenoids) in the palmyra fruit pulp increase 
the bioactivities of flabelliferins, especially in reducing the ATPase inhibition of F-II and enhancing the 
antimicrobial activity of FB

[23]. There are 14 types of flabelliferins that have been isolated so far[18]. A study 
conducted in mice has shown that the F-II flabelliferin extracted from the palmyra fruit pulp has anti-obesitic 
and anti-diabetic properties. Also, it is reported that F-II reduces blood glucose in a glucose challenge test by 
inhibiting glucose absorption in the intestinal lumen[24]. Also, F-II has the potential to inhibit the intestinal 
Na+/K+ pump and it can reduce hyperglycemia in the post-absorptive stage. This property is very helpful for 
type 2 diabetic patients[18]. The FB flabelliferin is antimicrobial, and it can inhibit fungi, such as Saccharomyces 



Food Nutrition Chemistry Volume 1 Issue 2 (2023)  5/8 

cerevisiae and Aspergillus oryzae, and some other bacterial strains, including Pseudomonas aeruginosa, 
Klebsiella pneumonia, Escherichia coli, Bacillus licheniformis, Staphylococcus aureus, Staphylococcus 
epidermidis, Proteus rettigeri, and Acenobacter calcoaceticus[18]. Table 1 sheds light on the different types of 
flabelliferins and their bioactivities. Flabelliferins from palmyra palm flour are found to be potential larvicides 
for the dengue mosquito Aedes, and the flabelliferin type is suspected to be the FC flabelliferin[25]. 

Table 1. Different types of flabelliferins and their bioactivities. 

Type Description Molecular formula Bioactivity 

F-I Tetraglycoside - Not reported 

F-II Tetraglycoside β Sitsosterol-O-Rha-Glc-Glc-Rha Reduces intestinal glucose uptake and is anti-diabetic 
and anti-obesitic 

FB Triglycoside β Sitsosterol-O-Glc-α-1, 4-Rha and α-1, 
2-Rha 

Antimicrobial, inhibitor for SARS-CoV main 
proteinase, SARS-CoV main protease, and human 
cellular transmembrane serine proteinase 

FC Triglycoside β Sitsosterol-O-Rha-Glc-Rha or β 
Sitsosterol-O-Glc-Rha-Rha 

Not reported 

FN Triglycoside β Sitsosterol-O-Glc-Rha-Glc Not reported 

FD Diglycoside β Sitsosterol-O-Glc-Rha Not reported 

FE Diglycoside - Not reported 

FF Monorhamnoside - Not reported 

FG Monoglucoside - Not reported 

*Another five flabelliferins have been extracted in very small amounts. However, no studies have been conducted on their 
structures and bioactivities yet. 

A recent study has shown that flabelliferin B from Borassus flabellifer has the potential to inhibit SARS-
CoV main proteinase and can act as an inhibitor for COVID-19 main protease. In this study’s in silico analysis, 
six phytochemicals—namely, flabelliferin, marmelosin, piperine, ocimin, curcumin, and leucoanthocyanin—
were analyzed. Three drug compounds, which were nelfinavir, remdesivir, and hydroxychloroquine, were used 
as the positive control drugs. The inhibition activity against one SARS-CoV-2 viral protease, COVID-19 main 
protease (SARS CoV-2, 3CLpro/Mpro), two coronavirus proteases, SARS-CoV main peptidase (SARS CoV 
Mpro), SARS-CoV main proteinase (SARS CoV 3CLpro), and one human cellular transmembrane serine 
protease (TMPRSS2) was studied. Flabelliferin showed the potential to inhibit SARS-CoV main proteinase 
much better than the positive control drugs and the other molecules. Also, flabelliferin was found to be the 
second-best inhibitor for COVID-19 main protease and a potential inhibitor of human cellular transmembrane 
serine proteinase among the other molecules tested in the study. The study additionally suggested that with 
further clinical studies, flabelliferin and the other molecules analyzed in the study can be used as therapeutics 
against COVID-19[26]. 

When it comes to the bioactivities of borassosides, only a few studies have been conducted. Out of the 
various medicinal activities of borassosides, as highlighted in Figure 5, a study has reported that they are 
antifungal, particularly borassoside E[20]. Borassoside E is found to show an oxidative burst suppressive 
activity[13]. Table 2 sheds light on the different types of borassosides and their bioactivities.  
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Figure 5. Various medicinal activities of flabelliferins. 

Table 2. Different types of borassosides and their bioactivities. 

Type Molecular formula Structure Bioactivity 

Borassoside A C45H72O16 yamogenin 3-O-α-L-rhamnopyranosyl(1→4)-α-L-
rhamnopyranosyl(1→4)-β-D-glucopyranoside 

Not reported 

Borassoside B C45H72O18 23α,27-dihydroxydioscin Not reported 

Borassoside C C45H72O18 23α,27-dihydroxyyamogenin 3-O-α-L-rhamnopyranosyl-
(1→4)-α-L-rhamnopyranosyl(1→2)-β-D-glucopyranoside 

Not reported 

Borassoside D C39H62O12 aglycone and diglycoside Not reported 

Borassoside E C45H72O16 dioscin and yamogenin 3-O-α-L-rhamnopyranosyl(1→4)-a-
Lrhamnopyranosyl(1→2)-β-D-glucopyranoside 

Oxidative burst 
suppressive 
Antifungal 

Borassoside F C51H82O20 diosgenin 3-O-α-L-rhamnopyranosyl(1→4)-α-L-
rhamnopyranosyl(1→4)-[α-L-rhamnopyranosyl(1→2)]-β-D-
glucopyranoside, and yamogenin 3-O-α-L-
rhamnopyranosyl(1→4)-α-Lrhamnopyranosyl(1→4)-[α-L-
rhamnopyranosyl(1→2)]-β-D-glucopyranoside 

Not reported 

6. Scope and challenges 
Palmyraculture paves the way for the plantation, utilization, and sustainable living based on the palmyra 

palm tree[4,27,28]. Understanding the chemical and biological aspects of two of its integral biomolecules, 
flabelliferins and borassosides, further extends the scope for exploration of the medicinal and nutritional values 
of different parts of the tree. Even though there have been a lot of research works done to find different 
flabelliferin and borassoside structures, the knowledge of their whole chemical composition is still insufficient. 
Out of the 14 types of flabelliferins identified, the structures of five flabelliferins have not yet been studied 
and the bioactivities of eight have not been tested yet. The bioactivities of only one borassoside have been 
explored so far. Thus, future researchers will have to focus more on these areas, which will help find more 
medicinal and nutritional values in palmyra palm. Moreover, this information, backed by pharmacological and 
physiological evaluations, will help identify their full nutraceutical potential. 

When it comes to the pharmaceutical industry, thorough research of these biomolecules can go on to help 
with designing anti-inflammatory and anti-oxidant drugs. However, strict adherence to clinical test results and 
optimization are critical. From a nutraceutical perspective, Borassus flabellifer has the potential to be an in-
demand health supplement. For this, their bioavailability and regulatory compliance need to be monitored. 
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Additionally, in the food industry, it has a major scope when used as a functional ingredient that assists in 
healthy nutrition requirements. Again, consumer preferences and regulatory requirements may pose challenges. 

7. Conclusion 
Palmyra palm is a naturally gifted medicinal plant, and a lot of studies have been conducted on the 

important biomolecules, including flabelliferin and borassosides, present in different parts of the tree. The 
exploration of these compounds here is highlighted by both their complexities and potentials. Different types 
of flabelliferins and borassosides have been extracted; some of their structures have been identified and some 
of the structures are not clearly established. While there have been efforts to understand their compound 
complexities, only surface-level discoveries have been made in this regard, and much more is yet to be 
uncovered. A limited number of studies have been done on the bioactivities of these molecules. Extensive 
research on flabelliferins and borassosides has the capacity to offer major scientific discoveries. Due to their 
distinct and structural uniqueness, their nutraceutical significance will be strengthened. For conducting further 
studies, it is important to determine the structure of all the flabelliferins and borassosides present in palmyra 
palm. Understanding the biomedical values of these molecules will lead to the development of therapeutics in 
the near future. This initiative will not only help unleash palmyra palm’s full potential for medicine but also 
set the path for scientific curiosity. Through further research and innovative treatments, human health and 
quality of life will be profoundly impacted. 

Acknowledgments 
The authors express special thanks the following for their support in palmyraculture research: the Asian 

University for Women, Chittagong; Palmyrah Development Board (PDB), Jaffna; Bangladesh Sugar Crop 
Research Institute (BSRI), Pabna; Panaiyaanmai—The Centre for Self-Reliance and Sustainable Development, 
Kadayam, Tamil Nadu; and Munnetram Green Industries, Kadayam, Tamil Nadu. We acknowledge all the 
palmyra warriors (also called palmyra climbers/toddy tappers) for their self-reliant lifestyle and eco-friendly 
community living towards achieving sustainable development and their hard work in the utilization and 
protection of Asian palmyra trees. The authors also acknowledge Naam Tamilar Katchi and the Government 
of Tamil Nadu for their constant involvement in the development of panaiyaanmai (palm culture) and the 
conservation of palmyra trees. 

Conflict of interest 
The authors declare no conflict of interest. 

References 
1. Jamkhande PG, Suryawanshi VA, Wattamwar AS, Barde SR. In vitro anthelmintic efficacy of Borassus flabellifer 

Linn. (Palmae) against Pheretima posthuma. Asian Pacific Journal of Tropical Disease 2014; 4(S1): S199–S203. 
doi: 10.1016/S2222-1808(14)60439-4 

2. Schoch CL, Ciufo S, Domrachev M, et al. NCBI taxonomy: A comprehensive update on curation, resources and 
tools. The Journal of Biological Database and Curation 2020; 2020: baaa062. doi: 10.1093/database/baaa062 

3. Mariselvam R, Ighnachimuthu SJ, Selvakumar PM. Review on the nutraceutical values of Borassus flabelifer 
Linn. Journal of Pharmaceutics and Drug Research 2020; 3(1): 268–271. 

4. Varadaraju C, Paulraj MS, Selvan GT, et al. An insight into Asian Palmyra palm fruit pulp: A fluorescent sensor 
for fe2+ and Cd2+ ions. Materials Today Proceedings 2021; 47(3): 747–750. doi: 10.1016/j.matpr.2020.06.532 

5. Diyabalanage T, Ratnayake R, Bokesch HR, et al. Flabelliferins A and B, sesterterpenoids from the South Pacific 
sponge Carteriospongia flabellifera. Journal of Natural Products 2012; 75(8): 1490–1494. doi: 
10.1021/np3003518 



Food Nutrition Chemistry Volume 1 Issue 2 (2023)  8/8 

6. Keerthi AAP, Ekanayake S, Premakumara GAS. A new cytotoxic flabelliferin from palmyrah (Borassus flabellifer 
L.) flour. Journal of National Science Foundation of Sri Lanka 2009; 37(4): 269–271. doi: 
10.4038/jnsfsr.v37i4.1474 

7. Nikawela JK, Abeysekara AM, Jansz ER. Flabelliferins-steroidal saponins from palmyrah (Borasus flabellifer L.) 
fruit pulp 1. Isolation by flash chromatography, quantification and saponin related activity. Journal of the National 
Science Foundation of Sri Lanka 1998; 26(1): 9–18. doi: 10.4038/jnsfsr.v26i1.3080 

8. Nikawela JK, Wijeyaratne SC, Jansz ER, Abeysekera AM. Flabelliferins, steroidal saponins from Palmyrah 
(Borassus flabellifer L.) fruit pulp II Preliminary investigations of effect on yeast and selected bacteria. Journal of 
the National Science Foundation of Sri Lanka 1998; 26(2): 141–150. doi: 10.4038/jnsfsr.v26i2.3563 

9. Jansz ER, Nikawela JK, Gooneratne J, Theivendirarajah K. Studies on the bitter principle and debittering of 
Palmyrah fruit pulp. Journal of the Science of Food and Agriculture 1994; 65: 185–189. doi: 
10.1002/jsfa.2740650210 

10. Nikawala JK, Jansz ER, Baeckstrom P, et al. Flabelliferins of naringinase debittered palmyrah fruit pulp. 
Vidyodaya Journal of Science 2000; 9: 79–86. 

11. Gummadi VP, Battu GR, Keerthana Diyya MS, Manda K. A review on palmyra palm (Borassus flabellifer). 
International Journal of Current Pharmaceutical Research 2016; 8(2): 17–20. 

12. Rezgui A, Mitaine-Offer AC, Pertuit D, et al. Steroidal saponins from Dracaena marginata. Natural Product 
Communications 2013; 8(2): 157–60. doi: 10.1177/1934578X1300800205 

13. Sandhya S, Kommu S, Banji D, Knv R. Pharmacognostical standardization of Borassus flabellifer root. Annals of 
Biological Research 2010; 1(4): 85–94. 

14. Ur Rahman S, Adhikari A, Ismail M, et al. Beneficial effects of Trillium govanianum rhizomes in pain and 
inflammation. Molecules 2016; 21(8): 1095. doi: 10.3390/molecules21081095 

15. Saravanan VS, Shanmugalingam V, Srithayalan S. Pharmacological activities of Borassus flabellifer L. extracts 
and isolated compounds. International Journal of Innovative Research and Reviews 2021; 5(2): 23–31. 

16. Ariyasena DD, Jansz ER. The carbohydrate moieties of some flabelliferins (steroidal saponins) of palmyrah fruit 
pulp. Vidyodaya Journal of Science 2006; 13: 75–82. 

17. Ariyasena DD. The Diversity, Bioactivity and Structural Studies of Flabelliferins from Palmyrah (Borass Us Flab 
Ellifer L.) Fruit Pulp [Master’s thesis]. The University of Sri Jayawardenepura; 2002. 

18. Uluwaduge DI, Thillainathan K. Palmyrah Research in Sri Lanka: A Way Forward. The Open University of Sri 
Lanka; 2018. doi: 10.13140/RG.2.2.16244.60805 

19. Jansz ER, Wickremasekara NT, Sumuduni KAV. A review of the chemistry and biochemistry of seed shoot flour 
and fruit pulp of the palmyrah palm (Borassus flabellifer L). Journal of the National Science Foundation of Sri 
Lanka 2002; 30(1&2): 61–87. doi: 10.4038/jnsfsr.v30i1-2.2562 

20. Yoshikawa M, Xu F, Morikawa T, et al. Medicinal flowers. XII.1) New spirostane-type steroid saponins with 
antidiabetogenic activity from Borassus flabellifer. Chemical and Pharmaceutical Bulletin (Tokyo) 2007; 55(2): 
308–316. doi: 10.1248/cpb.55.308 

21. Singh PP, Suresh PK, Anmol, Sharma U. New steroidal saponins from rhizomes of Trillium govanianum: Gram 
scale isolation and acetylcholinesterase inhibitory activity evaluation. ChemRxiv; 2022. doi: 10.26434/chemrxiv-
2022-qxprq 

22. Selvakumar PM, Thanapaul RJRS. An insight into the polymeric structures in Asian palmyra palm (Borassus 
flabellifer Linn). Organic Polymer Material Research 2021; 2(2): 16–21. doi: 10.30564/opmr.v2i2.2639 

23. Uluwaduge I, Keerth AAP, Senadheera SN, Jansz ER. Studies on the natural hydrophobic binders of flabelliferins 
and their effect on some bioactivities. Journal of the National Science Foundation of Sri Lanka 2005; 33(3): 187–
191. doi: 10.4038/jnsfsr.v33i3.2324 

24. Ariyasena DD, Jayasekara S, Jansz ER, Abeysekera AM. Effect of Palmyrah (Borassus flabellifer L.) fruit pulp on 
weight gain of mice. Vidyodaya Journal of Science 2000; 9: 97–103. 

25. Keerthi AAP, Ekanayake S, Jansz ER. Larvicidal effects of a flabelliferin saponin from palmyrah flour on dengue 
mosquito Aedes sp. Journal of National Science Foundation of Sri Lanka 2007; 35(2): 133–138. doi: 
10.4038/jnsfsr.v35i2.3678 

26. Umadevi P, Manivannan S, Fayad AM, Shelvy S. In silico analysis of phytochemicals as potential inhibitors of 
proteases involved in SARS-CoV-2 infection. Journal of Biomolecular Structure and Dynamics 2022; 40(11): 
5053–5059. doi: 10.1080/07391102.2020.1866669 

27. Thevamirtha C, Monichan S, Selvakumar PM. Carbon-based materials from Borassus flabellifer and their 
applications. Journal Environmental. Nanotechnology 2021; 10(4): 08–12. doi: 10.13074/jent.2021.12.214445 

28. Thevamirtha C, Balasubramaniyam A, Srithayalan S, Selvakumar PM. An insight into the antioxidant activity of 
the facial cream, solid soap and liquid soap made using the carotenoid extract of palmyrah (Borassus flabellifer) 
fruit pulp. Industrial Crops and Products 2023; 195: 116413. doi: 10.1016/j.indcrop.2023.116413 


