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Abstract

The extraction process applied on egg yolk by the Laboratoire de Micronutrition Appliquée (LMA laboratory) allows recovery of three
lipidic compounds in an ethanolic solution: triacylglycerides, phospholipids and cholesterol. Our work consists in separating these three lipidic
compounds. First cholesterol is separated from the other two lipids by nanofiltration, as this technique is generally able to separate compounds
whose molecular weights range between 200 and 2000 g mol−1. A feasibility study performed on a variety of nanofiltration membranes
with different characteristics shows that for this membrane range the separation is poorly influenced by the membrane cut-off but greatly
influenced by the membrane chemistry. Then the most appropriate membrane is selected and the best experimental procedure determined.
The relationship between cholesterol levels in foods and the development of coronary diseases is a very controversial issue, and therefore the
possibility of separating cholesterol by using the appropriate nanofiltration membrane would be a breakthrough in the domain of nutraceutics
and nutritional supplements.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The lipids contained in egg yolk are principally triacyl-
glycerides (65%, w/w), glycerophospholipids (28%, w/w)
and cholesterol (5%, w/w) (Fig. 1). A more or less selec-
tive extraction of these lipids can be performed using var-
ious organic solvents such as diethyl ether, methyl chlo-
ride, ethyl acetate, propane/butane, hexane, benzene, ethanol
[1] or supercritical CO2 in the presence or the absence of
ethanol [2]. In our case, after extraction, these products
were recovered in 95% ethanol. The lipid concentration in
ethanol ranged from 3 to 15% (w/w). The lipids present in
the ethanol were glycerophospholipids (760 g mol−1), 80%,

Abbreviations: MWCO, molecular weight cut-off (g mol−1); TMP,
transmembrane pressure (Pa); RF, retention factor;C, concentration
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and a mixture of cholesterol (386.7 g mol−1) and triacylglyc-
erides (860 g mol−1), 20%.

Glycerophospholipids contain fatty acids that can be
highly polyunsaturated. They can thus be considered as a
source of essential fatty acids in C18 or conditionally essen-
tial fatty acids in C20 or C22 for the families of�6 (molecules
composed of a polyunsaturated carbon chain with two or
more double bonds, the first double bond being located on
the 6th carbon atom from the terminal methyl) and�3 (the
first double bond is located on the 3rd carbon atom). Thanks
to their surface-active properties, glycerophospholipids, once
completely purified, can be used in the preparation of emul-
sions of lipids in water used in the fabrication of food addi-
tives or even pharmaceuticals. For these applications, the
amount of cholesterol in egg yolk is a problem. Cholesterol
ingestion can increase cholesterol concentration in the blood,
which is a marker linked to the risk of arteriosclerosis and
coronary diseases. It is therefore of interest to eliminate the
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Fig. 1. Compound structure.

cholesterol from the lipids extracted from egg yolk. No infor-
mation was found in the literature that would help estimate
the performances of filtration or even of membrane processes
for the separation of this type of mixture. In view of the size of
the compounds, we decided to use a process of nanofiltration.
However, the initial mixture was complex and the treatment
was made difficult by the following:

(i) The molecular weights of the compounds were quite
similar: 386.7 g mol−1 for cholesterol, between 850 and

1020 g mol−1 for triacylglycerides and between 760 and
878 g mol−1 for phospholipids.

(ii) The solution was ethanolic. The stability of a mem-
brane in an organic solvent such as ethanol depends
on the physicochemical characteristics of the solvent
and of the membrane. The membrane–solvent interac-
tion may result in swelling, plasticization or dissolution
of the membrane material and subsequent loosening of
the membrane structure, leading to modified separation
properties and/or loss of mechanical strength under pres-
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