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SUMMARY 

By systematic studies using a mobile solvent composition triangle, the optimum 
chloroform-methanol-water mobile phase for the separation of phospholipids by 
thin-layer chromatography on 5 x 5 cm silica gel was found. By using acetate buffer 
(pH 4) instead of water in the mobile phase and by impregnation of the silica gel layer 
with phosphoric acid it was possible to optimize the separation of phospholipids so 
that baseline separation was obtained, which is necessary for direct evaluation. An- 
other effect of impregnation with phosphoric acid is the higher stability and intensity 
given with Dittmer-Lester reagent, which is specific for phosphorus. It reacts with the 
phosphate group common to all phospholipids so that the same signals were obtained 
with a measuring wavelength of 720 nm for all phosphatidylcholines of soybean, 
rape-seed and sunflower seed lecithin. The other phospholipids (phosphatidyletha- 
nolamines, phosphatidylinositols and phosphatidic acids) could be quantified by this 
procedure. The signal intensity was the same for all phospholipids as the molecular 
weights are very similar, although the patterns of fatty acids are different. 

INTRODUCTION 

^’ Little information is available in the literature on the separation of vegetable 

L? This paper is part of the Dissertation of G. Lendrath, Hamburg University 

0021-9673/90/$03.50 0 1990 Elsevier Science Publishers B.V. 



386 G. LENDRATH, A. NASNER, Lj. KRAUS 

phospholipids by thin-layer chromatography (TLC)‘-‘. Most papers have dealt with 
the separation of phospholipids of animal or human origin&13. 

The main constituent of vegetable lecithins, such as the raw lecithins of soybean, 
rape-seed and sunflower seed, are phosphatidylcholine, phosphatidylethanolamine, 
phosphatidylinositol and phosphatidic acid. These phospholipids, isolated from raw 
lecithin of different origins, differ in their fatty acid patterns (Table I). Owing to ‘these 
different patterns, it is necessary to quantify phospholipids by means of a standard for 
each plant species and to use conversion factors. 

Our experience with the H-chamber 14,15 led us to carry out the separation and 
the densitometric evaluation of vegetable phospholipids on a 5 x 5 cm silica gel plate. 
Because the separation takes place over a very short distance of 3.5 cm, the mobile 
solvent first had to be optimized, which was done using a mobile phase composition 
triangel (Fig. 1). 

The selection of suitable analytical reagents turned out to be difficult with regard 
to quantification. Detection of phospholipids on thin-layer plates has been reported by 
many workers using different reagents, e.g., molybdophosphoric acidr6, copper(I1) 
sulphatei6-r8, copper(I1) acetate4,5,16*‘8V’9, 2,7-dichlorofluorescein’6 and sulphuric 
acid16. Sometimes reagents are used that react with certain functional groups, e.g., 
Dragendorff reagent ‘O for the quaternary ammonium group in phosphatidylcholine, 
ninhydrin 2o for the ammonium group in phosphatidylethanolamine and various 
reagents for the phosphate group contained in all phospholipids’2~21-25. 

For our purpose we used the group-specific Dittmer-Lester reagent2r, which 
reacts only with the phosphorus that is common to all phospholipids. In order to be 
able to use the reagent as an immersion reagent and thus to enhance the quantitative 
evaluation, we added ethanol. 

TABLE I 

PATTERNS OF FATTY ACIDS IN PHOSPHOLIPIDS 

Phospholipid Source Fatty acid 

16:O I8:O 18:l 18:2 18.3 Others 

PC Soybean 
Rape 
Sunflower 

PE Soybean 
Rape 
Sunflower 

PI Soybean 
Rape 
Sunflower 

PA Soybean 
Rape 
Sunflower 

14.5 4.2 8.9 59.6 6.3 

9.6 1.2 44.5 28.5 4.1 
11.1 3.1 12.3 63.3 5.5 

19.1 3.0 1.7 58.9 6.4 

9.5 0.7 45.1 37.8 4.4 

13.3 3.4 9.2 71.2 0.3 

2.1 5.1 5.6 47.0 6.8 
17.2 1.6 37.1 35.1 5.6 
32.6 4.7 6.9 41.2 5.1 

20.4 3.6 10.8 55.9 5.7 
9.0 0.9 48.3 35.5 4.1 

12.3 3.8 10.3 67.8 0.9 

4.5 
8.6 
3.5 

3.1 
2.2 
2.5 

1.9 
2.7 
2.9 

3.1 
1.5 
4.1 
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Fig. 1. Mobile phase composition triangle for chloroform-methanol-water. 

EXPERIMENTAL 

Standards 
Phosphatidylcholine (PC), phosphatidylethanolamine (PE), phosphatidylino- 

sitol (PI) and phosphatidic acid (PA) were enriched by preparative high-performance 
liquid chromatography from the lecithins of soybean, rape-seed and sunflower seed 
and isolated by means of low-pressure column chromatography in pure form 
(94-9g%)26. 
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Subsequently we examined whether, after impregnation with phosphoric acid, 
the intensities of the colours were the same for the phospholipid classes with the 
Dittmer-Lester reagent irrespective of their origin. As soybean phospholipids are used 
as reference substances for the routine analysis, their peak areas were set as 100. The 
peak areas of the phospholipids of rape-seed and sunflower seed were calculated in 
proportion to the values for the soybean phospholipids. The results obtained for each 
phospholipid are shown in Table IV and Fig. 4. 

There are only slight differences in the intensities of each phospholipid of one 
class; the differences are all within the range of the standard deviation of 4%. 

By using this method of detection we were able to determine the phospholipid 
contents of lecithin specimens from soybean, rape-seed and sunflower seed with 
phospholipid standards (PC, PE, PI and PA) isolated only from the most frequently 
used soybean lecithin. 
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