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Abstract The phospholipid (PL) fraction from egg yolk

was isolated and purified. In the procedure applied (method

2) the egg yolk was extracted with ethanol, precipitated

using acetone chilled to -20 �C and washed using acetone.

The purity of the samples was checked by HPLC analysis

using a Charged Aerosol Detector (CAD). The results were

compared with those obtained for the phospholipid fraction

isolated and purified by deoiling yolk before extraction

and the precipitation of PL with acetone chilled to 4 �C

(method 1). The use of acetone chilled to -20 �C to

precipitate and wash the phospholipids yielded the

phospholipid fraction with 100% purity (78.7 ± 0.2 of

phosphatidylcholine and 21.3 ± 0.2 of phosphatidyletha-

nolamine). When deoiling and the 4 �C purification process

was used (method 1) 0.4 ± 0.1% cholesterol and some

traces of triacylglycerols remained in the PL fraction.
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Dear Editor:

Among the biologically active lipids, the phospholipids

(PL) have attracted great attention due to their unique

nutritional and functional properties. Although PL are

mainly used in pharmaceuticals [1–8] to a lesser degree, PL

are also used in the cosmetics [9] and food [10] industries.

Because of their amphiphilic character, phospholipids form

microscopic vesicles consisting of an aqueous core

enclosed in phospholipid layers. These vesicles or lipo-

somes may be used in the encapsulation of drugs, protein or

peptide antigens. Encapsulation improves delivery of these

health-promoting agents to targeted tissues [11, 12] in the

body. The main PL component in egg yolk is phosphati-

dylcholine (PC). PC is particularly valuable nutritionally

because it is the source of two important nutrients—choline

and polyunsaturated fatty acids (PUFA) from the n-3 and

n-6 PL family.

The main commercial source of PL is soyabean lecithin.

However, commercial soya lecithin, which is a by-product

of oil refining, is a mixture of various lipid fractions and

carbohydrates and the content of PC is only 20% [13]. PC

content may be increased to about 50% by fractionation

with ethanol however 50% is not pure enough for use in

pharmaceutical applications. Therefore, interest in egg yolk

PC or lecithin production has increased, especially if the

production of PUFA enriched phospholipids may be

increased through feeding modifications of laying hens

[14, 15]. PC isolation and purification methods, particularly

the removal of cholesterol, need to be developed and

evaluated.

The methods for PC isolation and purification in the

literature are rather complicated and the purity of PL

fraction is not satisfactory. Generally, egg yolk PL are

extracted with organic solvents, especially ethanol, and

then purified by removing triacylglycerols (TAG) and

cholesterol. Several techniques of purifying the PL fraction

have been investigated, including extraction with various

solvents [16], low temperature crystallization to remove the
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solidified neutral oil from PL fraction [17], ultrafiltration

[18] or precipitation of PL using acetone [19]. Among the

methods of isolation, the best results have been achieved

by Palacios and Wang [18] who isolated phospholipids

with 95.9% purity. In their research, they used multistep

extraction with ethanol and hexane, and, in the final puri-

fication step, the precipitation with chilled acetone was

applied to give the final product. The content of cholesterol

in the PL fraction was 0.5%. In another paper, the same

authors found that deoiling the egg yolk before the

extraction with ethanol improves the purity of PL fraction

[20].

As a part of our efforts to obtain egg yolk PL, we found

some useful methods [21, 22] but we needed to simplify

and improve on PL purity. In these studies, we used both

the deoiling step and the precipitation of the crude

phospholipid fraction (method 1). Fresh egg yolk (20 g)

was placed in a 100-ml flask on a magnetic stirrer and

deoiled with acetone (2 9 50 ml, 10 min). The acetone-

extracted material was centrifuged (12,000g, 10 min) and

the pellet was extracted with ethanol (3 9 50 ml, 15 min).

After centrifugation (12,000g, 10 min), the ethanol extracts

were pooled and the solvent was evaporated in vacuo. The

residue, which was a crude phospholipid fraction, was

dissolved in hexane (30 ml) and transferred to a flask

placed in the ice bath (0 �C). Next, 60 ml of chilled ace-

tone (4 �C) was carefully poured into the stirring mixture.

The precipitate was centrifuged (10,000g, 5 min) and

1.35 g of the phospholipid fraction was obtained.

The results of HPLC analysis of the phospholipid frac-

tion are shown in Table 1. Although the cholesterol content

was low, the purity of the PL fraction was also relatively

low. In addition to PC, phosphatidylethanolamine (PE) and

cholesterol (Fig. 1a), the HPLC analysis showed the pres-

ence of a complex mixture of TAG. The TAG were not

determined quantitatively, however, we could identify

them by comparing the retention time with that of tripal-

mitin standard. These results were not satisfactory espe-

cially when compared with the purity of phospholipids

reported by Palacios and Wang [18].

Because the crucial factor in the purification process

might be the temperature of acetone, we decided to apply

the solvent chilled to -20 �C, both to precipitate and to

wash the PL. We hoped that the reduced temperature

would increase the purity of the resulting PL because of the

decreased solubility of PL in cold acetone. Deoiling prior

to extraction of PL was also omitted. In method 2, egg yolk

(20 g) was placed in a 100-ml flask with a magnetic stirrer,

60 ml of ethanol was added and the mixture was stirred for

10 min. The supernatant was then removed and filtered into

a round-bottom flask. The extraction of egg yolk with

ethanol was repeated twice. The extracts were pooled and

the ethanol was evaporated under reduced pressure. The

residue was dissolved in hexane (30 ml) and transferred to

a flask placed in an ice bath (0 �C). Next, 60 ml of cold

acetone (-20 �C) was carefully poured into the stirring

mixture. Following precipitation of PL, the stirring was

stopped and the supernatant was decanted off. The pre-

cipitate was carefully washed 5 times with 20-ml portions

of cold (-20 �C) acetone and the solvent was removed by

decantation each time. As a result, 1.9 g of PL was

obtained.

The HPLC chromatogram analysis (Fig. 1b) as well as

the data (Table 1) show complete removal of cholesterol

and TAG. All the results were submitted to analysis of

variance, at a significance level of 5%, using Statistica

(version 8). The Duncan test determined that the results

from methods 1 and 2 differed significantly. Only the PL

fraction was present in the extract obtained in method 2 and

the amount of PC and PE was significantly higher than that

obtained in method 1. The yield of the isolated fraction was

also significantly higher in method 2.

In our research, we used a new type of HPLC detector

with non-linear response—CORONA
TM

Charged Aerosol

Detector (CAD, ESA Biosciences, Chelmsford, MA)

operated with nitrogen as a nebulizing gas. HPLC analysis

of PL was performed on a DIONEX UltiMate 3000 LC

system equipped with a pump (model DGP-3600A), and at

a range of 100 pA and autosampler (model WPS-

3000TSL). A Waters Spherisorb� S5 W column (150 9

4.6 mm) was used for analysis. HPLC gradient program

(flow rate 0.6 ml x min-1): 0 min 0/90/10 (%A/%B/%C)

at 2 min, 0/40/60 at 20 min, 1/40/59 at 22 min, 10/40/50 at

38 min, 8/40/52 at 44 min, 1/40/59 at 55 min, 0/90/10 at

56 min, 0/90/10 hold 10 min (A/B/C, water/0.1% solution

of formic acid in hexane/isopropanol). The lipid

Table 1 The comparison of two methods of isolation and purification of egg yolk lecithin

Method of isolation Yielda (%) PL (%) PC (%) PE (%) Cholesterol (%)

Method 1 6.7 ± 0.3a 86.3 ± 0.5a 70.4 ± 0.2a 15.9 ± 0.7a 0.4 ± 0.12

Method 2 9.5b ± 0.4b 100 ± 0.0b 78.7 ± 0.2b 21.3 ± 0.2b –

Yield = 100 9 quantity of PL fraction/quantity of initial yolk material

The results represent mean values of four independent replicates ± SD

The different superscripts in the same column indicate significant differences by Duncan’s multiple range test
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components were identified by comparison of their reten-

tion times to those of commercial standards. Calibration

standards were diluted with propan-2-ol and six different

concentration of standards were injected in three replicates.

CAD was successfully used in the analysis of PL by

Moreau [23]. He used normal phase isocratic as well as a

gradient system. In our studies, we used the gradient sys-

tem because of the better resolution of the compounds. We

applied the program in which we could detect and resolve

cholesterol and TAG in addition to PC and PE.

Using acetone at -20 �C to precipitate and wash crude

PL from egg yolk removes the cholesterol and TAG

completely affording a pure phospholipid fraction in 9.5%

yield (Table 1). No deoiling or column chromatography

were necessary in the method of choice. The method is

relatively fast, simple and easy to scale-up.
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