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FLABELLIFERINS - STEROIDAL SAPONINS FROM PALMYRAH 
(BORAS§W FLABELLIFER L.) FRUIT PULP 
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Abstract : Four saponins (flabelliferins) from palmyrah (Bo~-nss~c.s~r~hc?llifc?r L.) 
frui t  pulp from specimens collected from EIambantota in the  South of Sri Lanlca, 
were separated and isolatecl by flash chromatography. Arnetliod forqualitifyi~lg 
flabelliferins by tlc-clensitometry was cleveloped. FAEhlS data showecl tha t  of 
the four natura l  flabellilferins separated. one flabelliferin (F-11) corresponcls to 
the bitter flabelliferin tetraglycoside pl-eviously isolatecl from fruits collcctccl in 
Kalpitiya in the North -Westof Sri Lanlta. Tlieotherthreeflabclliferins isolated 
were labelled F,,. 17,: & F,,. Of these F, and F, were (steroidal triglycosicles of 
molecular weight 868j and F ,  an impure steroidal cliglycosicle . I t  appears tha t  
Llie steroidal aglycone was similar to t ha t  isolated pl-eviously (MW = 414). Of 
the four flabelliferins isolated F,, was most effective in foam stabilisatiot~ while 
l?,, and I?,: had the highest haemolytic action a s  judged b>~  spectropliotomctry. 

Keywords: FABMS, flabclliferins, froth test, haemolysis,palmyrah, saponins, 

tlc-densltometry. 

INTRODUCTION 

Palmyrah (Borassus flabellifer L.) is a characteristic feature of the landscape in 
the dry zones of Northern and. Southern Sri Lanka. There are over 10 million. 
trees growing over an area of 60 kha with a potential yield of 15 k t  palmyrah fruit 
pulp per annum. ' Although the fruit pulp is consumed in a number of traditional. 
recipes,' the presence of a bitter principle detracts from more extensive use." 
The bitter principle isolated from the North-West of Sri Lanka has been 
identified to be a steroidal saponin (flabelliferin II)." It contains 2 glucoses and 
2 rhamnoses in its carbohydrate moiety and has a molecular weigh.t of 1030.V11 
addition to this saponin, another saponin (F-I) which was not bitter, with 
molecular weight 1062 (tetragkucoside) was also identified.. The ag.l.ycoue of 
these steroidal saponins was first isolated and characterized (as spirost - 5 en 
- 3P-01 (25 R)) by Jayaratnam.l Detailed studies by ir, nmr and ms by 
Jayaratnaml show that i t  had a molecular weight of 414. Jayaratnam also 
isolated two other saponins of this steroidal aglycone from palmyrah fruit pulp 
from Jaffna. These were a monorhamnoside, and a monoglucos.ide. ' I-Iowever no 
reference was made in that study to bitterness or a bitter saponin. 
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Debitterjng by the enzyme naringinase on F-I1 was previously reported." I11 
pursuing these studies on debittering, toxicity and detoxification, due to the 
inability to collect samples from the sources mentioned above, specimens were 
collected Corn Hambantota in the South of Sri Laaka. Attenlpts to purify these 
saponins by the methods previously described"." were unsuccessfuL. Therefore a 
new method of separation was worked out. In this st~rdy we also report a tlc 
densitometric method of quantifying flabelliferins. Using the purified 
flabelliferins, studies were also conducted on haemolysis and tbc ii-0th test. 

METHODS AND MATERIALS 

Palrr~yralz fruzts : The fruits were colIectedfrom Harnbantota clist~.ict. Tllc pulp 
was extracted inarlually in the laboratory. 

Prepuratiolz of cr~cde bztter extract. Frult pulp portions (200g) were extracted 
with methanol (200 ml), fats and carotenoids extracted with pctr-oleum ether 60 
- 80°C (320 ml x2) and concentrated following the procedure reportcd previously .j 

Reinoval of szgurs The crude extract contained in addition to the saponins, 
glucose, fructose and sucrose ' ' The cxtract was desugai-ed using dry cellulose 
chromatography.' Desugar~ng was also possible by fermenting the palmyral~ 
fruit with yeast prior to extraction of'fruit pulp with methanol.' 

Fluslz chro?)zatograp/zy: This was conducted using a columil of 21 cm length and 
2.5 cm diameter using Silica gel G,, F,,,. Pressure was 1.5 bar and iucrt gas N,L. 
The solvent used was n-butanol, ethanol, aq NH,, (sp gr 0.88) in a ratio of 7:3:4. 
Fractions of 1 ml were collected. Fractions were monitored on silica gel - G, plates 
(300 pm) in the same solvent system but in a ratio 7:2:5. Spots were visualized 
using anisaldehyde - sulphuric acid reagent.:' 

Tlc-densitometry: Quantification was carried out after tlc (as above) using 100 pm 
silica gel G,, F,,, pre-prepared plates (Merck FGR) and visualising with spraying 
(with. anisaldehyde reagent) and heating in an oven a t  120°C lor 10 min. A 
Shimadzu CS - 900 dual wave length flying spot densitometer was used for 
quantification. This was equipped with an integrater and chart recorder. 
Operating details are as fbllows : Lamp, Tungsten iodide; Scan mode, zig-zag; 
swing width, 10mm; wavelength, 440nm. Standa1.d curves were plotted using 
solutioxls of 5mg.ml - I  flabelliferin using 5 pl - 25 ul spots. Scanning of' spots for 
standard curves was horizontal and plots were made in terms of pg saponin vs 
O/o peak area. 

Fast atom bombardment/Mnss spectrometry: This was carricd out as reported 
previously" in a negative mode using either tricthailolamine or thioglycerol as 
matrix. 



3'1-oth test The purllied flabcll~ferins and the dcsugarcd in ix tu~c (2 mg cach) 
contdincd In 2 0 ml 0 1M phosphate buffel (pH 6 5) in  tcst tubes (16 mm 111 

dlnmcter) was shakcn vigorously for 30 sec The height of froth and tlme taken 
to scttlc were measured 

Haemolys~s  To human blood (0 9 ml) drawn just before use, was addcd 0 1 ml 
sodlurn crtl ate (36 5 gl and dlluted wlth 0 2M phosphate buffer (pH 7 4)  to 50 
ml 'A solution of' purified flabclllferlils m phosphate buffer (5mgml 0 m aliquots 
of' 1 0, 0 6 and 0 2 ml respectively and phosphate buffer 1 0, 1 4 and 1 8 ml 
1 cspcctlvely was addcd to 1 ml blood preparat~on to glve a total volume of 3 ml 
Thls was incubated In glass test tubes a t  30°C and then cettrif~~gecl 101- 30 min 
at 1500 rpm The absoi bancc of the supclnata~it  u7as measul-ccl In an ELICO - 
SL 150 UVNIS spectiophotometcr a t  578 a m  

L)eh,ttel ~ I L Z  Thls was carlied out on the desugared flabellifel-ins arid palmylah 
f r u ~ t  pulp ~ ~ s ~ n g  elther naringlnase' oi- Hl tempase~~r  (a heat stable bacterial 
o-amylasc ex Bac7llrcs l ~ c l ~ e ~ z z f o r n z ~ s  obtained from Quest Intcrnat~onal) 
II l ten~pase, 0 1 m1(114,800 alpha amylase unlts ml ' ) was addcd to 100 ml of 
undiluted (hqmd) fruit pulp at pH G 5 and thc mixture heated a t  95°C: f'or 10 mm 
Tllc same pr occdure on a smaller scale was follo-vvcd uslng crude flahcllifenii 
m~xtu lc  (5mg) In 1 ml 0 1M phosphate buffer ( p h  6 5) Allquots of 5 - 10 p1 were 
I u11 On tlc, (as descrlbcd previously) both bdowc and after mcubatrou, w ~ t h  the 
cnzyruc 

Prl,rif icatio~~ o f  fZa11elliferins: The purificatioll techuique repoltcd pre\~iously:~ 
on samples fi.om the Northern Province3 failecl to separate the bitter principle 
F - 11. This was due to the presence ofa n~ixture of' saponins. Ucsugaring by 
fe~m-ienting the fruit pulp with DCL yeast "ollowed by dcsugaring the extracted 
fruit pulp also did not yield purified saponins. 

Fl.ash cl-lromatography resulted in the separation of'4 f labcl l i fk~i~~s (which 
we liave termed F - 11, F,:, F,, and F,,) in yields of' approximately 230 mg, 25 nlg, 
11 lng and G mg from 200g fruit pulp. They elutcd a t  70-90 1111. 45-55 ml, 
35-45 1111 and 10-20 mi respectively and had Rf'values on tlc a t  0.35, 0.39, 0.41. 
ancl 0.49 respectively f o ~  F-11, F,,, F,: and F,,. I? - I1 was most 11itto1- to taste. I t  
appears that elution. had not been sufficient to isolate I? - I l.eportecl previously.' 
but a spot corresponding to F - I was seen on tlc. Results oi'relativc bitterness 
of the isol ated fla1)el.l i thrin and Rf value are sho~vll in Tablc 1. 

&~ra/ztificc~tioil,: Using tlc-densitomctry lineal- standat.d curves \vc?~.e obtaitlctl 
(i)r. the purified f2abel.lif'erins, plotting % peali area vs pg flabollif'c~.in in llle rangc 
oL'25-100 pg in the case ofF- 11, F!! and F,,, Results from I?,. were 12ot sat-isf'acto~.y. 
Using this pi.inciple it is possible to quantify saponins in  a desug:i~-ed misturc. 



Table 1: Rf and relative bitterness of flabelliferins. 

Flabelliferin Rf Relative 
Ei tteoness o f  isolatc 

F-I1 0.35 most bittcr 

1: 0.39 slightly bitter 

,. 0.41 not bitter 

1, 
0.49 sllghtly blttcr 

Crude h~ttei- - sweet 

A typical sepavatlon (scanned vertically) of a crude rnixturc is shown in 
Figure 1. Here separation is incomplete but shows F-I, F-11, F,, + F,. and F,, 111 
the peak area ratio of 12.4 : 27.4 : 12.7 : 7.9. In  quantifying the flabelliferins the 
standards and sample must be run on t l ~ e  same tlc plate. 

Figurc 1: Separation of flabelliferi~ls by tlc-the densitomctric patcrn. I - Fl;tl,clliScrin I, 
PI - Flabcllifcri~l 11, X - Flabelliferin F,,+F,, U- - Flabclliferin F,,. 



FAB l M S  data : Spcctra of F,, and F, are shown in Fig. 2 and Fig. 3. Both show 
n molecular weight of 868. The spectrum of F - I1 (MW = 1030) is very similar 
to  that rcportcd previously' while F,, is probably impure, containing diglycosides. 
l'ablc 2 summarises the main results fi-om FABMS. 

Table 2: Data from FAB/MS and interpretation. 

Flabclliferin MW Other peaks Interpretation 

F - I1 1030 884,722 Tetraglycoside 
i.e(l030-146) Terminal deoxy hexose 

(Rhamnose) 
and(884-162) followed by 

hexose (glucose) 

721 Triglycoside 
(868-147) Terminal deoxy 

hexose 
(rhamnose) 

Triglycoside 
Terminal deoxy 

hexose (rhamnose) 

F~~ 722" Diglycoside 

Solne doubt as  FABMS spectum indicated 721 

Table 3: Froth test. 

Flabelliferin Height of foam (mm) Settling time (h) 

F - I1 7 3.5 

F,> no foam 

Crude 10 25 

For details see Methods and Materials. 
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Hydrolysis: As reported p rev i~us ly ,~  the enzyme preparation naringinase 
debitters palmyrahfruit pulp. Oncrude extracts this hydrolysis shifts the major 
saponin tlc spots to higher Rf values. Hitempase also eliminatcs bitterness in 
both fruit pulp and crude extracts. Tlc of the hydrolysed crude extracts showed 
loss of spots corresponding to F-I and F- 11. 

Frotlz test: Results are given in Table 3. Of the isolated saponins F,; was most 
potent. 

Ilaemolysis: Results of the spectrophotometi-ic assay of released haem.og1.obin 
are given in Table 4. In the course of this study it was found that the history of 
the blood sample was important and that haemo'lysis can increasc 4-5 fold if the 
blood suspension was stored even one day in  a refrigerator (5 - 8°C). 

Table 4: Haemolysis by UV absorbance in superilata~lt at 578 nnl. 

Flabelliferin Absorbance a t  578 nm 

Colltrol 1.67mg ml-I lmg  ml-' 0.33mg ml" 

Calculation after dilution 

Avcragc Sor complete hacmolysis = 1.10' 

DISCUSSION 

Previous studiesl.%on hydrolysates of flabelliferins yielded two sugars viz. 
rhamnose and glucose. Previous s t u d i e s l ~ ~ a s c d  on nmr and ms showed the 
molecular weight of the steroidal aglycone was probably 414. FAB/MS data of 
this study confirms the presence of flabelliferin I1 reported previously to contain 
2 rhamnoses and 2 glucoses in its carbohydrate moiety." This is the very bittcr 
compound reported previously.Vhese samples also yielded 3 other saponins F,, 
F,, and F,, in order of increasing Rf value which had not been reported naturally 
previously. Their separation was made possible by flash chromatographic 
techniques. According to FAB/MS data F, and F, (different Rf values) had the 
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same molecular weight 868, which if assuming the same molecular weight of. 
aglycone, are triglycosides and have a carbohydrate moiety containing two 
rhamnoses and one glucose with rhamnose terminii. Since the two compounds 
elute separately on flash chromatography and have hfferent Rf values on tlc, 
they possibly differ in  the sequence of sugars in the carbohydrate moiety. 
Flabelliferin D (Rf 0.49) is probably impure 'and appears to have a molecular 
weight of about 722 corresponding to a diglycoside with one rhamnose and one 
glucose. 

Since samples from different sources viz., Jaffna,' Kalpitiyas and 
Hambantota show saponins with different carbohydrate moieties i t  appears that 
there i s  considerable diversity among cultivars/stands. Even if it is assumed 
that  : ( I )  glucose and rhamnose are the only sugars in the carbohydrate chain, 
(11) the carbohydrate chain is four saccharides or less, this leaves room for a 
plethora of possible flabelliferins. The tlc-densitometric technique will be useful 
as a spot test for such diversity. This would be important in the context that these 
saponins have different haemolytic and foam stab'ilising activity and also have 
varying bioactivity against growth of yeast." The flabelliferins appear to retard 
alcoholic fermentation7 in boiled palmyrah fruit pulp. This inhibitory effect is 
reversed by hydrolysis by the enzyme naringinase7 with the loss of F - I and 
F - II.7 The diversity i n  bioactivity of the isolated flabellif'erins gives the tlc- 
dcnsitomctric assay largcr importance. Studies on bioactivity using both 
purified flabelliferins and palmyrah fruit pulp are proceeding. 
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