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Figure 1. Different parts of the palmyra tree have the molecule flabelliferins and borassosides.
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Figure 2. The biochemical and physical debittering processes of the Palmyra fruit pulp.
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Figure 3. Structures of the main flabelliferins present in Palmyra palm.



RRERLE 1B 2H (2023) 409

EIRBOERBIBCER 1L, &Rl A P ) BE SR AN A B B A DU 0L, R R4 70 AT
B, ZTHIBRAKEIEERA S . SR TH B & —MEAA /MG BRI AP B E L )
SCHEVURETY, RICS NI R IEIME—— P S B T

e 4 o, HMEER BRI R IUA SR Gl iR ek A2 H) AL B. C. D E
ANFROL, fE25 K SRR B I R, LS 2 - e A 1 Y I SR B T 5 L L 5 4 /T

?‘ﬁ‘l*dgﬁg o5 | Fopoes®

title: Borassoside A title: Borassoside B title: Borassoside C

title: Borassoside D title: Borassoside E title: Borassoside F

Bl 4. B R H A5 .

Figure 4. Structures of the borassosides present in Palmyra palm.
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Table 1. Different types of flabelliferins and their bioactivities.

Type  Description Molecular formula Bioactivity
F-1 Tetraglucoside - Not reported
F-1I Tetraglucoside B Sitsosterol-O-Rha-Glc-Glc-Rha Reduces intestinal glucose uptake, anti-diabetic, and
anti-obesitic
Fs Triglycoside B Sitsosterol-O-Glc-0-1, 4-Rha and a-1, Antimicrobial, inhibitor for SARS-CoV main
2-Rha proteinase, SARS-CoV main protease and human
cellular transmembrane serine proteinase
Fc Triglycoside B Sitsosterol-O-Rha-Glc-Rha or Not reported
Sitsosterol-O-Glc-Rha-Rha
Fn Triglycoside B Sitsosterol-O-Glc-Rha-Gle Not reported
Fp Diglycoside B Sitsosterol-O-Glc-Rha Not reported
Fe Diglycoside - Not reported
Fr Monorhamnoside - Not reported
Fo 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.
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Figure 5. The various medicinal activities of flabelliferins.
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Table 2. Different types of borassosides and their bioactivities.

Type Molecular formula  Structure Bioactivity

Borassoside A C4sH72016 yamogenin 3-O-a-L-rhamnopyranosyl(1—4)-a-L- Not reported
rhamnopyranosyl(1—4)-p-D-glucopyranoside

Borassoside B CasH72013 230,27-dihydroxydioscin Not reported

Borassoside C C4sH720138 230,27-dihydroxyyamogenin 3-O-a-L-rhamnopyranosyl- Not reported
(1—4)-a-L-rhamnopyranosyl(1—2)-B-D-glucopyranoside

Borassoside D C39He2012 aglycone and diglycoside Not reported

Borassoside E C4sH72016 dioscin and yamogenin 3-O-a-L-rhamnopyranosyl(1—4)-a- Oxidative burst
Lrhamnopyranosyl(1—2)-B-D-glucopyranoside suppressive

Antifungal
Borassoside F Cs1Hs2020 diosgenin 3-O-a-L-rhamnopyranosyl(1—4)-o-L- Not reported

rhamnopyranosyl(1—4)-[a-L-rhamnopyranosyl(1—2)]-B-D-
glucopyranoside, and yamogenin 3-O-a-L-
rhamnopyranosyl(1—4)-a-Lrhamnopyranosyl(1—4)-[a-L-
rhamnopyranosyl(1—2)]-B-D-glucopyranoside

6. B TG S kA%

BrRMEL R B B REAR BN R AT AT RS2 AT 1 TR E27280 . S AR RS b AS T Bk (4 A2 4
Ko 5 — e AN RS HF AL A R AR A 07 T T, BE— 23 K 7 XA A [F AL 1 25 AT E
FEMERRREE. T OLT 7 RENPHFORT RA R A H M H 4, HRAT
MMEZERR I T IRTRA L . AECKILR 14 FAEHHF, A 5 FAEH-H 4 MRS 2IWETT, 8 Fh
FE - AV E TR M AR 2. 25 0k, R — M R A AT T, B, RSk
IR FEN 53 20 S NN OQTE IX L U, XK AT B T AE AR AR R LS 2 G RS R . LAk, 2
BEEANE PSP SR T, IR A5 BORA B 1 52 JL A R K TR ORI T

2L F, W XAV T BRI A B TIPSR AL a2 . SR, ™ ks 8 i
RARIE LR G B . W TRORB M ARG, BRI (Borassus flabellifer) 45 7]
RERCN — MM I DR o DA, FREO AR AR A S PR REAT BN . BEAh, fE RS Tk,
A SR LRI B T A AR B R R RV ThRevEEORE, MR IR KRR 2 18] [FIRE, i 9% 1 O
D A0 M A SR AT e SR R

7. &

EURK R A A — R KSR Z5 FREA, AT EL 0 0 2 R 3 0 ) 3 A 2 A 47 T e
50, FrA R R . KX A R 4 U . BRI T AR R 7
FRPED T MO AR, F MR, BRI EESE N TR
(I A e, (EFER 7T RIS TR ERREL, A E SR S RIE. G5 T AT
HORF SR A TR . S EE RIS L 10 2 B 50 T SR AR R, T e A 17 44 L g
BV, JLE SRR B BN, 9 T RIR BB TT, N S R R A A6 R
TFILE R . T RIK S50 T AR I 2 A B T 2E A A SR TF I BT 25100 X — 28 HE AU )
F 5 B EE 2508 )y, S AR SRR TR B o B0t BRI, A KA BT
T I B B T R



RRERLE 1B 2H (2023) 709

¢ BT Asian University for Women. Palmyrah Development Board (PDB). Bangladesh Sugar Crop
Research Insitute (BSRI). Panaiyaanmai-The Centre for Self-reliance and sustainable development A&
Munnetram Green Industries, Kadayam, Tamilnadu 7EAFAE A ERET B 78 7 T HE LA S0 RE . TRATTEGH BT & A%
REVRR 5 CHLAE AR AR AR € T/ R4 D, BEsHbATT B 70 5 A i AR 8 T sUR AR 38 A i A X
A, DASCELRTRFEE R R,  FEBHARAT AL R AN ORAr I E R K b 7 1T B AT HE ) 7 885 75 . PMISK
J4 Naam Tamilar Katchi 1 Govt. of Tamil Nadu 7£ Panaiyaanmai (ERAHSCA6) 1k R RIAE R L4 7
[liESEE =P

A 28 R
{75 B Mg b e,

R P

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 fe** and Cd?" 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

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.



B ih

i

EFFE B 15 E2H (2023) 89

20.

21.

22.

23.

24.

25.

26.

27.

28.

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.

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

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

Yoshikawa M, Xu F, Morikawa T, et al. Medicinal flowers. XII." 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

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

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
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

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.

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

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

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
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



B ih

Il

FUFE 15 E 28 (2023) 9/9

Review Article
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Abstract: Palmyraculture is a sustainable livelihood, in which people structure their lifestyle utilizing the values of
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 antiobesitic. Flabelliferin FB is antimicrobial, an inhibitor for SARS-
CoV main proteinase, SARS-CoV main protease, and human cellular transmembrane serine proteinase, and Borassoside
E is antifungal. Further studies have to be conducted to determine the structures and functions of the other flabelliferins
and borassosides.
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