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Abstract: The n-3 fatty acids are unanimously considered as high nutritional value molecules,
especially Long-Chains PUFA from marine origin. However, most of the products available in the market
contain LC-PUFA esterified on the glycerol under the common form of triacylglycerols. Another interes-
ting way can be to esterify the PUFA on polar lipids and especially on Phospholipids. An original patented
enzymatic process carried out under mild conditions (low temperature, no use of organic solvent) is
presented to produce at industrial scale a Phospho-Lipo-Peptidic Complex, that is particularly rich in DHA
esterified on the sn-2 position on PL.
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The nutritional interest of the n-3 fatty acids in
terms of prevention of cardiovascular and other
ageing diseases has been extensively studied
under numbered animal and clinical human
trials. There is some evidence that the intake of
long-chain n-3 polyunsaturated fatty acids
(LC-PUFA) may influence the status of lipids,
particularly the fatty acids composition in
blood, cell membranes or different organs and
compartments of the human body. A recent
study in rats carried out in relation with ITERG,
Pessac, France, on margarines supplemented
by LC-PUFA vs. precursors (Linoleic and
Alpha-Linolenic Acids) clearly demonstrated a
strong relationship between the diet and the
PUFA content of blood lipids, cholesterol esters
and membrane phospholipids of the erythro-
cytes [1].

Precursors vs. LC-PUFA,
available sources
Only few studies are dealing with the molecular
form of PUFA intake, since a majority of natural
or supplemented products are constituted by
triacylglycerols in which the PUFA are esterified
under their final chemical form. Another basic
question regarding the PUFA intake is related
to the type of PUFA: should we consider pre-
cursors vs. long chain PUFA? Starting from
a-Linolenic Acid, the liver of the mammalians is
able to produce x3-LC-PUFA, mainly EPA and
DHA through the action of a complex enzy-
matic pool of desaturases and elongases [2].
However,
– EPA is both an important terminal molecule
and the substrate for the elongation and

desaturation that lead to DHA. Therefore, the
yield is generally weak for this final molecule of
the x3 series, especially in the human metabo-
lism.
– The same enzymatic pool is involved in the
metabolism of Linoleic Acid that generates the
x6-LC-PUFA series, one of the main terminal
molecules being Arachidonic Acid (ARA). For
instance, these x6-PUFA display antagonist
properties regarding inflammation. The com-
petition between the substrates ALA/LA turns
in favour of the x6 series since the global intake
ratio x6/x3 is often higher than the recom-
mended ratio, which would be close to 5 [3].
The conclusion is that the amounts of DHA
available for the global body metabolism
remain insufficient for a large part of the
humans and an intake of dietary x3-LC-PUFA is
highly recommended. Because the only avail-
able source of x3-LCPUFA comes from marine
lipids for the moment, the best recommenda-
tion that can be given is to eat fish. A promising
process to produce LC-PUFA using engineered
oleaginous way is under investigation, but only
preliminary results have been recently

obtained and efficient vegetable systems are
expected not before 10 years [4].

Molecular form of PUFA
intake in Food
There are several molecular ways to carry fatty
acids from diet to metabolism (table 1). The
major molecular form is represented by tria-
cylglycerols (TAG). In fact, 98% of the fatty
acids come from TAG (50-100 g per day for an
adult). Phospholipids (PL) are the second
dietary source, mainly represented by lecithins
(2-10 g per day). Apart from these two main
sources,
other nutritional minor molecular species are
also available, such as diacylglycerols (DAG)
which are present as minor components in oils
and fats (1-5 g per day), as well as cholesterol
esters (CE) (0.15-0.4 g per day) and fat soluble
vitamin esters, such as retinyl palmitate and
tocopherol acetate (1mg and 15 mg per day,
respectively).
Ethyl esters (FAEE) and free fatty acids (FFA) are
possible alternative sources of bioavailable fatty

Table 1. From food intake to metabolism: Fatty acid vectors (Fave et al., 2004.

– Triacylglycerols: TAG: 98% (50-100 g per day)

– Phospholipids: mainly lecithins (2-10 g per day)
– other nutritional sources

- DAG present as minor components in oils and fats (1-5 g per day)
- Cholesterol esters (0.15-0.4 g per day)
- Fat soluble vitamin esters (retinyl 1 mg, tocopherol acetate 15 mg per day)

– Ethyl esters
– Free fatty acids

224 DOSSIER

doi:10.1684/ocl.2007.0127

Article disponible sur le site http://www.ocl-journal.org ou http://dx.doi.org/10.1051/ocl.2007.0127

http://www.ocl-journal.org
http://dx.doi.org/10.1051/ocl.2007.0127


acids but they are not naturally present in
edible oils and fats.
Concerning the main sources that are TAG and
PL, it is well known that the bioavailability of a
given fatty acid highly depends on 2 important
parameters:
– Its ability to produce highly dispersed drop-
lets into the liquid medium of the stomach.
This property is required to obtain the best
compatibility between the oily phases and
water, to permit the lipases and other enzymes
to be efficient.
– Its location on the glycerol backbone
(figure 1): best bioavailability is obtained when
the fatty acid is at the sn2 position, thus pre-
serving it under 2-monoglyceride or 2-lyso-
phospholipid forms during the intestinal
assimilation process.

Polar lipids vs.
Triacylglycerols

Furthermore, polar lipids and especially phos-
pholipids (PL) could be another interesting way
to carry LC-PUFA into the organism. This is
particularly true when a PUFA is esterified at the
sn2 position as observed in marine PL, espe-
cially from Salmon [5]. This property has not
been as widely studied as in the triacylglycerol
way, because products containing a large
amount of PL with sn2-LC-PUFA are not com-
monly available in the market, except some
lipidic fractions from fish or crustaceans
extracted with organic solvents.
Phospholipids commonly occur in vegetable
oils and animal fats, but they are still consid-
ered as impurities. Therefore, degumming is
the first step of the refining process of veg-
etable oils. Residual amounts of PL in edible oils
are less than 5 ppm (expressed in P content).
However, their functional properties are com-

monly used in the food industry as edible sur-
factants (lecithins).
In this case, their nutritional properties are not
exceptional due to the fact that their FA com-
position is banal. On the other hand, PL from
eggs and plants are still available as nutraceu-
ticals.

Nutritional interest
of polar lipids
The question is: is there any interest to use PL as
vectors for PUFA rather than TAG? The particu-
lar interest of marine PL consists in a high
degree of unsaturation, with ARA, EPA and
DHA mainly esterified at the sn-2 position.
Consequently, their intestinal absorption is
high according to Bourre, 2004 [6]. This prop-
erty has been confirmed by using a Caco-2 cells
assay (figure 2). The permeability of the PUFA
on PL was found 5 times higher and the final
intracellular level 50 times higher than PUFA on
TAG. Wijendran et al. (2002) have shown that

the efficacy of PUFA supplementation was
higher by using Phospholipids instead of TAG
as established in a dose-response study [7].
These benefits could be due to the amphiphilic
properties of the phospholipids reflected in a
better water dispersibility and a greater suscep-
tibility to phospholipases compared to the
glycerolysis of TAG.
Several studies have concerned the brain func-
tion: a supplementation of DHA on PL
improves behaviour, learning and visual func-
tions in x3-deficient mice, as demonstrated by
Carrie et al., 2002 [8]. Moreover, in mice with
PUFA deficiency, Bourre et al., 2002 showed
that a PUFA on phospholipids supplementation
was more efficient than a TAG form to recover a
normal AG composition in brain [9]. A particu-
lar PL, phosphatidylcholine (PC), has been pro-
posed to be a specific AG carrier to the brain by
Lagarde et al., 2001 [10].
Other effects related to ageing have been
investigated: Rotstein et al. (1987) have
observed that DHA-rich PL decreased in the
retina during ageing [11], as well as the turn-
over of the PL in the synaptic membranes
decreased [12]. Bourre (1992) established that
the efficacy of some hepatic desaturases
decreased during ageing, this making worse
the DHA potential deficiency [13].

Phospholipids and brain
Specific studies have concerned the effect of
dietary PL on the brain functions. Kidd (1999)
showed that PC improved memory and learn-
ing performances in ageing human [14]. In the
same order, Bernoud et al. (1999) proposed
Lyso-PC as the most efficient carrier of DHA to
specific brain tissues [15]. Brain preferentially
absorbs DHA as sn-2 Lyso-PC compared with
unesterified DHA [16]. On the contrary, PS
appeared to be concentrated in the cell mem-
branes of the brain. A comparison between
TAG- and PL-fed groups indicated that only PL
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Figure 1. Comparative structure of TAG and PL.
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Figure 2. PLPCx3-PUFA bioavailability: preliminary results on Caco-2 cells.
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supplementation increased brain DHA, as
established by Werner et al., 2004 [17].
Regarding brain diseases, PL have been found
to have a beneficial effect in dementia, depres-
sion, and other diseases. Moreover, PL have
been supposed to improve some brain func-
tions like memory. However, all these global
effects are still controversial, even though this
has been claimed by some nutraceuticals for
years.

Extraction and enrichment
processes

Assuming that there is some interest to pro-
duce concentrated PL, especially marine PL
that are particularly rich in PUFA, what are the
industrial available processes for extracting
these molecules from natural complex stuffs?
First of all, let’s consider the available PUFA-rich
phospholipids sources for production at indus-
trial level. The term “marine lecithin” is used to
describe a mixture of phospholipids (PC, PE,
PS, PI...) obtained from a marine raw material,
i.e. Krill and other crustaceans, roe and milt of
fish such as salmon, herring, capelin and cod...,
also marine by-products from the filleting
industry.
All these products are rich in LC-PUFA phos-
pholipids, depending on the species.
Pig or other mammalians brain extracts can be
considered as good sources; unfortunately they
have been disqualified by the recent BSE crisis
for safety concerns. So, it can be assumed that
marine PL are the only industrial source avail-
able in safe conditions.
Several patents are dealing with this challenge,
but all the processes described are based on the
extraction of phospholipids from lipid mixtures
using organic solvents (acetone, methanol,
propanol...):
– Products containing highly unsaturated fatty
acids for use by women and their children
during stages of preconception, pregnancy
and lactation/post-partum [18].
– Method for extraction of a lipid mixture con-
taining PUFA-rich PL from viscera of fish,
method for preserving viscera prior to extrac-
tion, and lipid mixture extracted thereby [19].
– Extraction of phospholipids from fish roe by
SC-CO2, following by 3 ethanol extraction
steps [20] (figure 3).
– Extraction of phospholipids from Krill by suc-
cessive acetone and alcohol treatments [21]
(figure 4).

A novel enzymatic extraction
process (patented [22])

As said above, all processes involve drastic
chemical conditions. Such conditions are now

out of the scope of nutritional and nutraceuti-
cal products constraints. Therefore, looking for
alternative mild processes, carried out at low
temperature and solvent-free conditions was
an interesting scientific and industrial chal-
lenge.
Starting from a natural source of LCPUFA esteri-
fied on PL, which is the brain tissue of Salmo
salar, (see composition on table 2) we have
investigated a mild process [22] without any
use of organic solvent and able to provide an
extract that is rich in PL, itself being particularly
rich in DHA (> 30%). This enzymatic process
provides at industrial level a product that have
been called Phospho-Lipo-Peptidic Complex
(PLPC) available for a nutraceutical use with the
special target to deliver a high concentration of
DHA on PL in the specific metabolic pathway of
these molecules.

As described figure 5, heads of salmon are
crushed in an adequate water amount and the
mixture is submitted to the action of proteases.
The enzymatic hydrolysis is monitored to
achieve a destructuration of the animal tissue
able to allow subsequent separation by cen-
trifugation.
The products obtained are a soluble protein
hydrolysate, a pure oily phase (neutral oil), and
a mixture that contains phospholipids, pep-
tides and oil. The FA-compositions of these
different fractions are given table 3. It is notice-
able that the PLPC lipid phase is highly unsat-
urated, containing near to 40% of n-3 PUFA,
with a ratio DHA/EPA reaching 2.16. The PL
phase of the PLPC contains more than 30%
DHA with a ratio n-3/n-6 equal to 8.6 (figure 6).
The study of the oily phases of the PLPC by
TLC-FID, after development in hexane/diethyl

Table 2. Physico-chemical composition of a filleting by-product of Salmo salar.

Composition Head Filet

Proteins (%) 13.1 ± 0.4 18.2 ± 0.5
Lipids (%) 23.8 ± 0.5 14.5 ± 1.5
Dry mater (%) 67.8 ± 1.3 36.8 ± 0.5
Ash (%) 2.6 ± 0.6 1.3 ± 0.1

Lyophilised capelin roe
(1 kg, 35 % lipids)

Oil
(180 g 18 % cholesterol
& esters of cholesterol).

Powder 820 g
21 % total lipids (4 % NL 17 % PL)
70 % proteins, 8 % minerals

Nutraceuticals

Batch extraction 40 kg/h SC-CO2
(300 bars 40°C, 4h)

PC : 70%
with

30% AGPI-LC

Phospholipids
160 g

Ethanol: powder

5:1

3:1

2:1
Ethanol extraction

Figure 3. Extraction of phospholipids from fish roe (Leigh et al., 2004).
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Fresh marine material

Crushing

Acetone extraction 2 hours
Acetone: biomass

Ratio 6:1

Filtration

Solid residue Oil fraction

Ethyl acetate/ethanol
(95/5) extraction 5 °C, 30 min

Solvent:
biomass
Ratio 2:1

 

Evaporation Phospholipids

Figure 4. Extraction of phospholipids from Krill : successive acetone and alcohol treatments (Fotini Sampalis, 2004).
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Figure 5. Marine lipid enzymatic extraction (low temperature, no use of organic solvent (Linder et al., 2002).
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ether/formic acid (80:20:0.2, v/v/v) shows that
this complex contains 45% of TAG and 54% of
PL (figure 7A). A second development using
chloroform/methanol/ammonia (130:70:10,
v/v/v) allows the separation between PL mol-
ecules (figure 7B). Major PL is phosphatidylcho-
line (68.2%), followed by phosphatidylethano-
lamine (10.8%), phosphatidylserine (8.9%),
sphingomyeline (4.6%) and phosphatidyli-
nositol (4.8%).

Conclusion

An enzymatic patented process has been vali-
dated at industrial scale to produce a phospho-
lipo-peptidic complex extracted from salmon
heads. The oily phase of this PLPC contains
54% of Phospholipids, which are particularly
rich in DHA (more than 30%). The final objec-
tive could be now to characterize how the

product can affect the phospholipid composi-
tion of the cell-membrane with particular effect
on the neuronal cell structure.
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Figure 6. Fatty acid profile of the PL-phase of the phospho-lipo-peptidic complex.

Table 3. Fatty acid composition of the raw material and the fractions extracted from a salmon by-product after enzymatic hydrolysis (neutral oil, Phospho-lipo-peptidic complex
(PLPC) and phospholipids (PL) of the PLPC.

Fatty acids groups Salmon heads (raw material) Neutral oil PLPC PL of the PLPC

� SFA 24.65 25.23 23.64 19.29
� MUFA 39.92 40.78 31.34 24.00
� PUFA 35.42 34.02 45.13 56.71
� PUFA n-6 7.73 7.78 5.59 5.86
� PUFA n-3 27.69 26.24 39.04 50.44
EPA 8.43 ± 0.18 7.74 ± 0.48 8.19 ± 0.14 10.31 ± 0.10
DHA 12.10 ± 0.64 11.90 ± 0.70 18.18 ± 0.39 33.10 ± 0.40
DHA/EPA 1.44 1.54 2.16 3.44
n-3/n-6 3.58 3.17 6.98 8.60
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Figure 7. PLPC Lipid classes by TLC-FID.
A: 1st developing tank: hexane/diethyl ether/formic acid (80:20:0. 2, v/v/v) to separate NL after 30 min.
B: 2nd developing tank: chloroform/methanol/ammonia (130:70:10, v/v/v) to separate PL after 40 min.
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