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The increasing demand for fatty acid-free lecithin required modifications in existing purification methods. In this technical note
we describe a purification procedure with the following steps: a) homogenization and extraction of yolks obtained from fresh eggs
with acetone, b) solubilization with ethanol and solvent elimination and c) repeated solubilization/precipitation with petroleum ether/
acetone. This crude extract was chromatographed on neutral alumina, which was exhaustively washed with chloroform before elution
with chloroform:methanol, allowing the sequential separation of fatty acids and lecithin. Chromatographic behavior and mass spectra
of the product are presented. This fast procedure yields fatty acid-free lecithin at a competitive cost.
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INTRODUCTION

MATERIAL AND METHODS

It is amazing that after 80 years,1,2 the following paragraph
could be part of this introduction: “methods employed in other
laboratories as well as in our own are costly and time-consuming;
second, judging from the numerous and frequent requests for the
material which we have had from American and European
colleagues, there seems to exist among biologists a considerable
need for pure phosphatides”.2
Since then numerous methods for lecithin purification have been
described.1-11 In general, these methods start with fresh eggs, since
the dried yolk preparations usually contain both lysolecithin and,
correspondingly, free fatty acids. In fact, the dependence of the
extraction method with the source of lecithin was noted in the late
1920‘s: “the conditions for the preparation of the crude extracts
may vary, depending on the starting material”.2 The methods for
lecithin preparation have varied but can be grouped into three classes, i.e., extraction and CdCl2 precipitation,2,3 extraction and alumina
and/or silica chromatography, 4,5 and high performance liquid
chromatography. 9 The increasing use of lecithin for diverse
nanostructures for drug delivery12 and vaccination13 has, at the same
time, increased the number of suppliers of pure lecithin and
increased the pressure for the preparation of lecithin of higher purity
and lower cost. We have used lecithin for various purposes over
the last decades and have continuously adapted the preparation
methods to accommodate internal and external demands. As a general rule, we have found it easier to purify egg lecithin starting
from fresh eggs than to try to purify lecithin from (several) suppliers
of either dried eggs or lecithin of variable degrees of purity. This is
especially important when fatty acid-free lecithin is required.
In this technical note we describe a relatively easy, inexpensive
and reproducible method for obtaining fatty acid-free lecithin in a
gram-scale.

Materials

#
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Analytical grade acetone, ethanol, petroleum ether, chloroform
(with 1% ethanol), methanol and acetic acid were from J. T. Baker.
Aluminium oxide 90 active neutral (70-230 mesh ASTM) and Silica
Gel 60 plates for TLC were from Merck.
Methods
Thin layer chromatography (TLC): silica gel plates were
activated at 120 oC for 1 h. Chloroform solutions (40 mg/mL) of
standards and the collected fractions were prepared and 5 μL were
applied to silica gel TLC plates.
Fatty acids and other apolar compounds were separated from
lecithin by TLC using petroleum ether: ethylic ether: acetic acid
(90:10:1 v/v) as the solvent system (TLC-A) while lecithin remains
at the origin. Lecithin and other phosphatides migrate in TLC silica
plates using chloroform: methanol: water (65:35:3 v/v) (TLC-B)
and the apolar contaminants migrate with the solvent front.
After the development, the plates were sprayed with molybdate
solution (Kamp et al. and references therein).14 The appearance of
a blue color, after ca. 5 min at room temperature, indicated
phosphorous containing compounds. After 10 min at 120 0C, all the
organic compounds were charred and appeared as black spots.
ESI mass spectra analyses
The analyses of the fractions eluted from the alumina column
were carried out on a Quattro II Micromass mass spectrometer with
Z-spray™ ion source (Manchester, UK). The samples were analyzed
by direct injection in the mass spectrometer, using methanol as the
mobile phase and a flow rate of 0.05 mL/min. The ionization mode
was electrospray positive (ESI+). The sample and extractor cone
voltage were 20 V. The source and desolvation temperatures were
set at 80 oC and the capillary potential was 3.5 kV. The flow rate of
drying and nebulizing gas was optimized at 350 and 15 L/h. Full
scan data were acquired over a mass range from 300 to 900 m/z.
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Data were processed by the software Mass Lynx NT, version 3.2
(Micromass, Altricham, UK).
Lecithin crude extract preparation (CE)
Sixty fresh egg yolks (ca. 800 g) were separated, carefully
washed with water and passed through a sieve to remove the
membranes. 2 L of cold acetone (4 oC) were added to the yolk
suspension and the mixture was homogenized with a mechanical
homogenizer equipped with a glass helix during 5 min. The
homogenate was maintained for 1 h at 4 oC to precipitate crude
phospholipids and proteins. The suspension was filtered (Büchner)
and the precipitate, ppt1, washed (5x, 400 mL acetone each). The
acetone filtrate, which contains neutral fats and pigments,3,5 was
discarded and the residual solvent of ppt1 was eliminated under
vacuum. Ppt1 was transferred to a beaker, 2 L of cold (4 oC) ethanol
were added and the suspension was mechanically homogenized (5
min). The mixture was filtered (Büchner) and the precipitate reextracted with ethanol (1 L). The ethanol extracts, which contain
the phospholipids, were combined and the solvent removed in a
rotatory evaporator (T< 40 oC). The resulting very crude lecithin
extract, VCE, was dissolved in petroleum ether (400 mL), acetone
(2 L, 4 oC) was added to precipitate the lecithin. After 2 h at 4 oC,
the supernatant cleared, and the solvent was separated from the
precipitate by decantation. The crude lecithin extract, CE, was
dissolved again in 400 mL of petroleum ether and the precipitation
process was repeated. After this procedure, CE was solubilized in
chloroform and evaporated at reduced pressure. This step was
needed to remove the residual solvents instead of filtering CE. CE
is a greasy material which obstructed the filter and lead to loss of
material and lecithin oxidation.
The resulting CE was distributed into tubes containing 2 g each
and maintained at -80 oC, under vacuum. The CE yield was 45 g
corresponding to 5.6% of the initial egg yolk total mass. This yield
compared favorably with that obtained using other procedures.3 A
flow chart of the extraction procedure is shown in Scheme 1.

Scheme 1. Flow chart of the lecithin extraction procedure

Alumina column chromatography
A suspension of 80 g of neutral Alumina (activated at 120 oC
for 12 h) in chloroform was added to a glass column (35 cm x 2
cm, Teflon tap, fritted glass bottom). Alumina fines were not
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eliminated before lecithin elution because, at the end of purification,
the fractions were individually concentrated, diluted in a small
amount of methanol and then passed through a 0.22 µm nylon filter.
2.0 g crude lecithin, dissolved in 3.5 mL of chloroform, was
applied to the column. Column flux was 4 mL/min and 100 mL
fractions were collected. CE was eluted, successively, with:
chloroform (1.0 L); chloroform: methanol (95:5 v/v, 0.1 L) and
chloroform: methanol (9:1 v/v, 0.5 L). Each fraction was evaporated
under reduced pressure and maintained in a desiccator under vacuum
at -20 0C.
The lecithin containing fractions were pooled, dissolved in
methanol, and distributed into tubes containing approximately 100
mg of lecithin each. Methanol was evaporated under a N2 flux; the
tubes were maintained for about 1 h in a desiccator under vacuum
to eliminate the residual solvent. The tubes were sealed under
vacuum and stored at -80 oC.

RESULTS AND DISCUSSION
Lecithin purification
The dry weights of each fraction eluted from the Alumina
column are in Table 1. The sum of the masses of fractions 1 to 12
gave ca. 170 mg and fractions 13 to 15 yielded 610 mg of pure
lecithin, a yield of 30.5% respective to CE.
Table 1. Dry weights of the fractions eluted from the alumina column
Fraction
1
2
3
4
5-10
11
12
13
14
15

Solvent

mass (mg)

HCCl3
HCCl3
HCCl3
HCCl3
HCCl3
CHCl3:MeOH (95: 5)
CHCl3:MeOH (9:1)
CHCl3:MeOH (9:1)
CHCl3:MeOH (9:1)
CHCl3:MeOH (9:1)

20
30
40
40
—
10
10
310
170
130

The progress of Alumina fractionation was followed by TLC.
Chloroform solutions of standard phosphatyldilcholine (PC), crude
extract (CE) and alumina fractions (1 - 4 and 11 - 15) were prepared
and applied to silica gel TLC plates. Fractions 5 to 10 were devoid
of any organic compound (Table 1) and were not included.
Figure 1A shows the results of TLC which was developed with
solvent system TLC-A, after charring at 120 oC. The first 4 fractions
contained fatty acids and other contaminants. In fraction 11 and
12, where the column solvent was changed, (see Table 1) there
were residual apolar contaminants. Fraction 12 contained some
lecithin but was contaminated. In this solvent system, the lecithin
and other phospholipids remain in the origin and they were detected
by the blue color developed after molybdate spray. In fractions 13
- 15 no other contaminants were seen with TLC-A solvent system.
In TLC-B solvent system, lecithin and more polar compounds
migrate. As can be seen in Figure 1B, in fractions 13 to 15 only one
spot of lecithin is seen. There were no contaminants with lower
retention factor (RF) than lecithin (such as lysolecithin) indicating
that these fractions contained pure lecithin.
Lecithin from egg yolk is a mixture of zwitterionic
phospholipids containing two fatty acid chains (Scheme 2).
Positional distribution of saturated and unsaturated fatty acids on
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Figure 2. ESI mass spectra of fractions 13 (A), 14 (B) and 15 (C)

Figure 1. Thin layer chromatography of Alumina column fractions. Numbers
refer to alumina fractions (Table 1). Plates were developed with the solvent
systems: (A) TLC-A; (B) TLC-B. (CE) lecithin crude extract; (PC) Lecithin
standard

to differences in the carbon number and insaturations of fatty acids
chains of the lecithins. The predominance of a peak with m/z of
760 is coincident with previous data that demonstrated that
palmitoyl, oleyl phosphatidylcholine (m/z = 760.5) constitutes ca.
35% of the egg phosphatydilcholine, followed by the stearoyl,
linoleyl phosphatydilcholine (m/z = 786.4).5 Some of the m/z peaks,
observed in Figure 2, can be attributed to phosphatidylcholines
(Scheme 2) with different fatty acid composition (Table 2).
Table 2. Lecithin fatty acid composition
Lipid chains; N0 Double bonds

Scheme 2. Molecular structure of 1,2-dipalmitoyl-sn-glycero-3Phosphatidylcholine

egg lecithin is known15 and the nature of the fatty acids vary with
chicken diet composition.16 The number of carbons of the fatty acid
chains range from 14 to 22 and 0 to 6 double bonds can be present
in each fatty acid.17,18 Fractions 13 - 15 were analyzed by ESI Mass
spectra, in the positive mode, where the molecular mass of the
lecithin analogs can be determined (Figure 2).
All the lecithin-containing column fractions exhibited m/z peaks
between 750 and 900 (Figure 2). These m/z peaks can be attributed

C16,C18; 1
C18,C18; 2
C18,C20; 4
C20,C20; 4
C20,C22; 4
C22:1,C22; 4

m/z
760.5
786.5
810.5
833.6
861.5
883.6

Several authors have used alumina in the purification of
lecithin.4,5 In our experience, the extent of fatty acid contamination
in the purified lecithin is extremely dependent on the chloroform/
methanol ratio used in the lecithin elution using alumina. We have
found that the best and easier preparation is the one described by
Singleton et al.5 with a chloroform/methanol ratio of 9:1, v/v. This
solvent ratio is adequate for lecithin elution, but, in our hands, the
lecithin is invariably contaminated with apolar compounds. The
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modification proposed in this work is the extensive washing of the
alumina column with chloroform until the contaminants cannot be
evidenced by TLC using solvent system A. Subsequently, a stepwise
increase in the methanol content of the solvent mixture
(chloroform:methanol 95:5 and 9:1 v/v) which eliminate the
remaining contaminants and allow pure lecithin elution (Figure 1).
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