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Thin-layer chromatography of fructo-oligosaccharides 

The teclmique of paper cllromatography (PC) of .fructo-oligosacclmrides (inulin 
type) has been used for many years associated with the work on their metabolism in 
the storage organs of a number of species of Conlpositae192. Chicory rootstock is 
known to contain these fructosans” but they are not generally found in the lea\~es. 
However, we have observed tZe mvo synthesis of fructosans (degree of polymerimtion 
(D.P.) up to 20-21) in leaf disks of Chicory, which were incubated for 3 days on a 
nlediurn consisting of simple sugars and phosphate buffer. A rapid cl~roIllatogral)llic 
procedure was needed for the separation of these polymers since PC of fructo-oligo- 
saccharides of D.P. greater than 14 requires up to 21 days’. I<AIILSSON’~ has reported 
unidhensional multiple chromatography on phosphate-buffered cellulose thin-layer 
chromatography (TLC) which requires S hours and resolves fructo-oligosaccllarides 
up to D.P. 8. This report describes a TLC procedure utilizing Kieselgulm G plates 
which requires appro.uinlately 90 min. Included are two solvent systems, one for the 
separation of polymers of D.P. up to 7-S, and anotller for polymers of D.1’. from 2 
to 20. 

Eqm@nettt. A sandwich-type chamber was obtained from Ekinkmann Instru- 
ments Inc., Westbury, N.Y. Carbohydrate solutions were applied to the plates with 
a Hamilton microsyringe. The chromatoplates were prepared using a Desaga adjust- 
able spreader obtained from Desaga, Heidelberg, G.F.R. 

Materials. Kiesclguhr G was a product of E:. Merck, Darmstaclt, G.F.R. and 
solvents were reagent grade and used without further purification. The fructo-oligo- 
saccharides were obtained as follows : 

(I) An l~on~ologous series of fructo-oligosaccllarides was prepared from tile root- 
stock of Chicory (Cichori~m iutybzts L). The rootstock was cleaned, diced, and ho~no- 
genizcd in an equal volume of distilled water in a Waring blencler. The homogenate \vas 
boiled for 5 min, filtered tbrougll Wllatman No. I filter paper, and the liltrate ccntri- 

fuged at 1000 x 6 for 15 min. Tile supernntant was passed tlirougll a niisecl-bed 

ion-eschange column of Dowes 50 (H+) and Dowex I (OI-I-) forms. The eluate was 

treated wit11 decolorizing charcoal filtered througll millipore filter (0.45 ,u) and the 

filtrate was then evaporated to dryness &a ~~CZI~J. Tile residue was clissolvecl in 50 ‘X, 

etlianol to give a final concentration of 25 pg fructose equivalents per 1~1 as cleter- 

mined by the p’henolsulfuric acid method of MoNTGOh11SRY5. 

(2) Individual oligofructosnns were separated and purifiecl by PC, using the 
above oligofructosan mixture, according to the procedure of E:DI’:I.~\~IAN ANI] DICKER- 
SON’. The purified polymers were then eluted, using an elution apparatus describccl 
elsewherefi, and the eluates made up to a final concentration of 2.0 ,~g fructose equiv- 

alents per ~1 in 50 “A, ethanol. 

Procedzwe. Clwonlatoplates (20 x 20 x 0.5 cm) were coated with a 250 ,u layer 
of Kieselguhr G according to STAHL 7. After air-drying, the adsorbent layers were 
broken horizontally 12 cm above the origin so that tile migration distance would be 

tlie sarnc on all plates. Also, a 1 cm band of the layer was scraped off from the 2 
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NOTI’S 165 

vertical edges and the top edge in order to acconzodate the plates in the sandwich-type 
chamber. One ~1 (2.0 ,uug) of each of the individual fructo-oligosaccharides from D.P. I 
(fructose) to D.P. 8, and I ,ul (25 pug) of the fructo-oligosaccharide mixture were 
spotted along a line 2.5 cm from the lower edge. The plates were developed in solvents 
containing various proportions of x-propanol, ethyl acetate, and water (see Xeszclts 
.m& disclaim) until the solvent reached the 12 cm line. The plates were tllen removed, 
.air-dxied, and the carbohyclrates located by means of urea-n~etaphospl~oric acid spray 
reagent”. Tracings were made using Albanene drawing paper. 

TLC of fructo-oligosaccharides on Kieselguhr G clxomatoplates can be achieved 
by using various proportions of I-propanol, etllyl acetate, and water and specific 
ranges of fructosans can be resolved. 

The ItI&,- values of various fructo-oligosaccharide hornologs up to D.P. 20 are 
shown in Table I. 

Solvents No. I and No. 5 showed almost identical results and were capable cf 
resolving polymers up to D.P. 7-5. A tracing of the separation achieved using solvent 
No. I is shown in Fig. I, Using solvents Nos. 2 and 3, D.P. up to IO-II were well 
separated into distinct spots with little tailing or streaking. Solvent No. 4 was found 
suitable for separation of fructose, sucrose, and 3 hoxnologs up to D.P. 5. Solvents 
Nos. 6 and 7 were found to resolve homologs up to D.P. 13. Fig. 2 illustrates the 
results obtained using solvent No. 6. Fructose and sucrose have high RI,- values in 
these two solvents and are not clearly resolved. Homologs of D.P. 2 to 16-17 could 
be resolved using solvent No. S, while solvent No. F), as shown in Fig. 3 could separate 
D.P. 2 to 20. The solvent systems described in Table I are arranged in order of in- 

w v 
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A A 
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12345670 9 

Fig. 1. Scpnration Of fructo-oli~osaccharitlcs nllcl fruct0-oli~0sncclli~ridc misturc by TL(_: in SolVctlt 
No. I. I = l~.l?. I (1;) fructose; z = 13.P. a ((317) suc~osc; 3 = D.1’. 3 (Gl~‘..); 4 = D.P. 4 (GJ?,) ; 
5 = D.P. 5 (GI’,); G = D.1.J. G (Gl:,); 7 = D.P. 7 (G1;,) ; Y -_ 13.P. S ((_;I:,) ; CJ = l:ructo-oliyo- 

sa.cCIlnriclc tnixturc. 
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creasing water content. Ternary solvents containing less than IO y. H,O by \:olume 
were found to produce severe streaking and RJ- values too low to resolve fructo- 
oligosaccharides of D.P. greater than 3. With a water content above 20 O/" by volume, 
the RF values of D.P. less than 20 were too high and poorly resolved into extremely 
narrow zones. The ethyl acetate component could be replaced by methyl acetate, 

0 
0 

. , . . . . . . 

12345678 

Fig. 2. Separation of fructo-oligosaccharicles and facto-oligosncchnricle misturc by TLC in 
solvent No. G. For key see Fig. I. 

. . . . * 1 . . 

12345678 

Fig. 3. Separation of fructo-oligosaccharicles ant1 fructo-oligosaccharidc rnixtnrc by TLC in solvent 
No. g. For key see Pig. I. 
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NOTES 167 

methyl formate, or ethyl formate without qualitatively changing the separations, 
Attempts to substitute I-propanol with r-butanol, z-propanol or ethanol, resulted in 
inferior separations. 

TLC, using the practically inactive retentative layers produced with kieselgullr 
has been advocated for use in partition chromatography of hydrophilic compound9. 
However, due to the relatively low capacity of the plates, it has found only limited 
application in separation of oligosaccharidesl0. WEI JL AS D HAh’ICrzll using Kiesel- 
b&r G TLC and ternary solvent systems of I-butanol, pyridine, water separated the 
malto-oligosacclmride homologous series up to D.P. 9. SHANNON ANI:, CREECH~’ llave 
estended this solvent system to resolve D.P. up to zo-25. However, application of 
these solvent systems to the fructo-oligosaccharide series resulted in poor resolution 
of individual polymers and RF values too low to separate lligher l~on~ologs. Using 
r-propanol, ethyl acetate, and water, comparable results were obtained. By varying 
the proportions of the components in the solvent, the mobilities of various fructo- 
oligosaccharides could be altered, similar to the observations of SHANNON AND 

Cmnc~12 for malto-oligosaccharides. 
In our work, solvent No. I composed of I-propanol-ethyl acetate-water (40 : 50: 

IO) was used for the best separation of fructose, sucrose and fructo-oligosaccharides 
up to D.P. 7--S and solvent No. 9, I-propanol-ethyl acetate-water (Go: 20: 20) for 
l~omologs of D.P. 2 to 20. 

The maximum time required for development using these solvent systems de- 
scribed was found to be about go nlin (12 cm run at 25” with solvent No. 9) and rep- 
resents a considerable improvement over comparable separations by PC or TLC, 
The procedure also offers increased sensitivity for rapid microgram quantitative anal- 
ysis of fructo-oligosaccharide mixtures. The flexibility of the solvent systems de- 
veloped, enables one to scan all or part of the fructo-oligosaccharide series up to 
D.P. 20 with only one solvent pass without the use of bufferecl or modified support 
media. 

Financial support for 
is gratefully acknowledged. 

this work from the National Researcll Council of Canada 

Received November rotll, 1970 

J. C/lr~or,ratr~~~~~., 56 (1971) 163-167 


