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Determination of phospholipids in dairy products by SPE/HPLC/ELSD
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Abstract

The aim of this work was to evaluate the performance of different methods for both milk lipid extraction and phospholipids separation. As
far as the lipid extraction procedure is concerned, the Folch method showed a higher phospholipid recovery with respect to the Rose–Gottlieb
method. Different SPE cartridges and solvent phases were tested to carry out the separation of phospholipids from fat. The yield of extraction
was evaluated by isolating phospholipids from both milk fat and synthetic fat; Standard Addition Method was applied as well. The isolation
of the phospholipids by SPE silica column and subsequent analysis by HPLC/ELSD was shown to be an accurate and reproducible analytical
method for the determination of phosphatidylethanolamine, phosphatidylinositol, phosphatidylserine, phosphatidylcholine and sphingomyelin
in milk fat extracted by Folch method.
© 2005 Elsevier B.V. All rights reserved.
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. Introduction

Phospholipids (PLs) are divided into two main groups:
lycerolphospholipids and sphingolipids. Glycerolphospho-

ipids are derived from glycerol with a polar headgroup
nd two fatty acids esterified at thesn-1andsn-2positions
f the glycerol backbone. They include principally phos-
hatidylcholine, phosphatidylethanolamine, phosphatidyl-

nositol and phosphatidylserine[1]. Sphingolipids are derived
rom sphingosine; sphingomyelin is the dominant species and
t is composed of a phosphorylcholine headgroup and a fatty
cid linked to the amide nitrogen of the sphingoid long chain
ase[2].

Recent studies have given considerable evidence that PLs
an have a positive nutritional effect on human health, such
s reduction of the risk of cardiovascular disease[3–5].

n the food industry, PLs are used as emulsifiers or emul-
ion stabilisers when they are complexed with proteins
6–9]. Five major classes of phospholipids are found in milk
at, and their approximate percentages are: phosphatidyl-
holine (PC) 35%, phosphatidylethanolamine (PE) 30%, sph-

ingomyelin (SM) 25%, phosphatidylinositol (PI) 5% a
phosphatidylserine (PS) 3%[10–13].

Phospholipids are located on the milk fat globule m
brane (MFGM). They have both lipophilic and hydroph
properties, and therefore, contribute significantly to the e
sification role of the membrane[14,15]. As a result, particula
care should be taken during milk fat extraction to recove
whole PL fraction. The analysis of milk PLs involves differ
steps: fat extraction from milk, isolation of PL fraction fro
the other lipid classes and separation of the different phos
lipid classes. As far as the isolation of PL fraction from
other lipid classes is concerned, thin layer chromatogr
[16,17], column chromatography[18] and solid phase e
traction (SPE) have been applied[19–21]. High performanc
liquid chromatography with UV or evaporative light scat
ing detector (ELSD) have been used for the analysis o
different PLs[22–25]. More recently, HPLC/ELSD metho
applying on line preconcentration, were developed[26].

The aim of this work was to evaluate the performa
of different methods for both the extraction of lipid fro
milk and the isolation of PLs. Two different fat extract
∗ Corresponding author. Fax: +39 037135579.
E-mail address:gcontarini@ilclodi.it (G. Contarini).

procedures were tested to evaluate the influence of the solvent
polarity on the PL recovery. Moreover, the performances of
different SPE cartridges and solvent programs to isolate PLs
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from the other lipids were investigated. The quantification of
PC, PE, PI, PS and SM was performed by HPLC coupled
with ELSD detector.

2. Experimental

Cow milk was sampled from the bulk milk tank of the
dairy herd of the Institute of Dairy Science of Lodi. Cream,
semi-skimmed milk, butter and buttermilk were supplied by
a local creamery.

2.1. Chemicals and reagents

All the reagents for HPLC analysis were HPLC-grade.
Methanol, hexane, diethyl ether and chloroform were pur-
chased from Sigma-Aldrich Chemical Co. (St. Louis, MO,
USA), while the ammonium hydroxide 30% was purchased
from Merck (Darmstadt, Germany). Deionized and bidistilled
water was used.

The following reference phospholipid standards were
supplied by Sigma:l-� phosphatidylethanolamine (PE),
l-� phosphatidylcholine (PC),l-� phosphatidyl-l serine
(PS), sphingomyelin (SM) from bovine brain andl-� phos-
phatidylinositol from soybean. Lipid standards for the syn-
t erol
9 oin
9 ,3-
d

2

our
r as-
s was
w c-
t

2

a ion
w ther
( nhy-
d dure
i

2
eni-

s to
F ted
w of
N nder
v

2.3. Solid phase extraction (SPE)

Lipid sample (400 mg) was dissolved in 1 ml of
chloroform–methanol (2:1, v/v). 0.5 ml of the fat solution
was applied to different SPE cartridges.

A silica gel bonded column (Supelclean LC-SI, 6-ml vol-
ume, 1 g sorbents, Supelco Bellefonte, USA) was used. After
conditioning with hexane, the non-polar lipids were eluted
with 3 ml of hexane–diethyl-ether (8:2, v/v) and 3 ml of
hexane–diethyl-ether (1:1, v/v). The recovery of PLs was per-
formed by using two different conditions: the first with 4 ml
of methanol and the second with 2 ml of methanol plus 2 ml
of chloroform–methanol–water (3:5:2, v/v/v). The recovered
fraction was dried under a gentle stream of nitrogen and it
was re-dissolved in 0.2 ml of chloroform–methanol (2:1, v/v)
before injecting into HPLC system.

An Octyl (C8) phase bonded column (Accubond, 6 ml
volume, 1 g sorbents, Agilent-Technologies Palo Alto, CA,
USA) was used. After conditioning with methanol, PLs were
recovered according to Caboni et al.[29]. Before injecting
into HPLC system, the recovered fraction was treated as de-
scribed above for silica gel column. The performances of the
different SPE columns were tested by using both a synthetic
mixture, including the most important costituents of milk fat
and milk fat samples spiked with known amounts of PE. The
analyses were carried out in duplicate and the results were
e
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hetic milk fat were purchased from Sigma (stigmast
6%, 1-mono lauroyl glycerol 99%, triolein 99%, tricapr
9%) and from Nu-Chek-Prep, Inc. Elysian, MN, USA (1
inonadecanoin 99%).

.2. Fat extraction methods

The methods were tested on 100 ml of milk. F
eplicates were performed for each extraction. To
ure a complete homogeneization of sample, milk
armed to about 37◦C with gentle mixing, before extra

ion.

.2.1. Rose–Gottlieb modified method (RG)
Milk sample was digested with 15 ml of NH3 (25%, v/v)

nd mixed with 50 ml of ethanol (96%, v/v). The extract
as performed with a mixture of diethyl–petroleum e

1:1). The solvent phase was filtered through 30 g of a
rous Na2SO4 and evaporated under vacuum. This proce

s based on the IDF method[27].

.2.2. Folch method
Total lipids were extracted from the samples by homog

ation with chloroform–methanol (2:1, v/v) according
olch et al.[28]. The extract was shaken and equilibra
ith one-fourth its volume of a saline solution (0.05N
aCl). The solvent phase was filtered and evaporated u
acuum.
xpressed in mg/g of fat.

.4. Chromatographic system and conditions

HPLC-ELSD analysis was carried out using an HPLC
adzu (Kyoto, Japan) instrument equipped with two LC
dvp pumps, a SCL-10 Advp gradient system, a DGU
dvp module degasser and a Rheodyne manual injecto
0�l sample loop. The analytical column (250 mm× 4.6 mm

.D., 5�m) was packed with a silica normal-phase Zor
x-SIL (Agilent-Technologies). The chromatographic se

ation was carried out using a linear binary gradient acc
ng to the following scheme:t0 min: 0%B, t14 100%B, and
nally isocratic conditions (100%B) for 9 min. Total ch
atographic run time was 40 min per sample, which

isted of a 23 min analysis, 12 min to restore initial co
ions and 5 min to re-equilibration. Eluent A consisted
hloroform–methanol–ammonium hydroxide (80:19.5:
/v/v) and eluent B of chloroform–methanol–ammoni
ydroxide–water (60:34:0.5:5.5, v/v/v). The flow rate of
luent was 1.0 ml/min. A Sedex (S.E.D.E.R.E., Alfortvi
rance) model 75 ELSD was used; the pressure of neb
as (air) was maintained at 2.2 bar and the drift tube tem
ture was set at 50◦C.

.5. Calibration

Identification of PLs was carried out by comparison w
he retention time of pure standards. Calibration curve
ach compound were calculated from the area value
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tained by injecting 10�l of chloroform–methanol (2:1, v/v)
serially diluted solutions of PE (18–150�g), PI (10–75�g),
PC (26–200�g), SM (12–100�g) and PS (10–75�g). Each
solution was prepared and injected in duplicate. Two dif-
ferent regression equations were applied: linear (y=a+bx)
and power (y=axb) [30–33]. The quadratic equation showed
good performances for concentration ranges lower than those
applied in this research[29,34]; as a consequence it was not
calculated.

3. Results and discussion

3.1. HPLC/ELSD calibration

A chromatogram of a standard PL mixture is shown in
Fig. 1. Phospholipids eluted as well-defined peaks. To obtain
a quantitative evaluation of PLs, five calibration curves were
calculated by applying the equations of both the linear and
the power model to the area and concentration values. Results
(Table 1) showed that the peak areas fitted the linear model
slightly better and demonstrated that, the ELSD response, in
the adopted concentration range, was linear. This result was in
accordance with other authors[30,31,35]who observed poor
linearity for injected masses lower than 5�g. Therefore, the
linear model was applied. As for the sensitivity of ELSD, PS
s .

3
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Table 1
HPLC/ELSD calibration curves

PLs Power model Linear model

Equation R2 Equation R2

PE y= 17007x1.0473 0.995 y= 231075x− 120310 0.997
PI y= 11125x1.1634 0.978 y= 266330x− 164621 0.986
PS y= 39443x1.304 0.984 y= 139110x− 498459 0.988
PC y= 21317x0.9921 0.999 y= 208833x− 272016 0.999
SM y= 12734x1.085 0.999 y= 212388x− 896712 0.998

Table 2
Percentage composition of the synthetic fat sample

Triacylglycerol Triolein + Tricaproin 98%

Diacylglycerol 1,3-Dinonadecanoin 0.3%
Monoacylglycerol 1-Mono lauroyl glycerol 0.2%
Sterol Cholesterol 0.5%

Phospholipids Phosphatidylethanolamine 31.6% 1%
Phosphatidylinositol 5.3%
Phosphatidylcholine 36.8%
Sphingomyelin 26.3%

and applied to both SPE phases, silica and C8. The same
approximate ratio between the milk fat constituents (triglyc-
erides, diglycerides, monoglycerides, sterols and PLs) was
maintained in the composition of this matrix (Table 2).
Each constituent was weighed separately and dissolved in
chloroform–methanol (2:1, v/v). A suitable aliquot of each
solution was mixed with the others and the resulting mix-
ture was dried under a gentle stream of nitrogen. The
synthetic matrix was redissolved in a suitable amount of
chloroform–methanol (2:1, v/v) to obtain the concentration
of 200 mg/0.5 ml and applied to silica gel and C8 SPE car-
tridges.

F hatidyle o
c

howed a lower value in comparison with the other PLs

.2. Isolation of PLs from lipids

In order to investigate the effectiveness of different S
artridges on the PL isolation, a synthetic matrix, contai
he most important lipid classes of milk fat, was prepa

ig. 1. HPLC/ELSD chromatogram of PL standard mixture (PE, phosp
holine; SM, sphingomyelin).
thanolamine; PI, phosphatidylinositol; PS, phosphatidylserine; PC, phsphatidyl-
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Table 3
Recovery of PLs from synthetic fat mixture

SPE column PLs yield (%) Mean (mg) SD RSD%

Silica A 61.1 1.03 7.64 12.5
Silica B 96.0 1.91 7.49 7.8
C8 47.5 0.83 8.60 18.1

Silica A = PL elution with methanol, Silica B = PL elution with methanol
followed by a mixture of chloroform–methanol–water.

Table 3shows the PL recovery obtained with the two car-
tridges; silica gel phase was tested by using two different elu-
tion step programs as well. The best recovery was obtained
by the silica column, eluting the PLs by 2 ml of methanol
followed by 2 ml of a mixture of cloroform–methanol–water
(3:5:2, v/v/v). The incomplete recovery of PLs from the C8
column was probably due to an interaction between the PL di-
acylglicerol group and the alkyl chain of the SPE solid phase.
In the silica normal-phase cartridge polar lipids are strongly
retained by hydrogen bonding and dipolar interactions. The
elution of PLs with methanol provided unsatisfactory results,
particularly for SM recovery. On the contrary, improved re-
sults were obtained by the use of an additional more polar
solvent mixture, according to Christie[21]. The performance
of this SPE procedure, on the PE evaluation, was also demon-
strated by the results obtained from a sample of natural milk
fat. Known amounts of PE were added to a milk sample and
the Standard Addition Method was applied. The PE values
determined in the spiked samples were plotted versus the val-
ues for added PE. Calculating the intercept of the regression
line allowed the natural PE content of milk fat to be esti-
mated. The value calculated (3.09 mg/g of fat) was included
in the range obtained by the PE mean value± standard devi-
ation (3.11± 0.12) found in the unspiked samples. The same
procedure was applied to natural milk fat spiked with bovine
brain SM as standard and it showed less satisfactory results.
T and
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Table 4
PL composition of milk fat extracted by Folch method (four replicates)

PE PI PS PC SM Total

Mean (mg/g fat) 2.92 0.55 0.26 2.98 2.17 8.87
SD 0.16 0.01 0.02 0.21 0.11 0.39
RSD% 5.49 1.08 8.11 6.89 5.22 4.35
Mean (%) 32.9 6.2 2.9 33.5 24.5 100

is concerned, it is worth noting that RG was not able to ex-
tract PS and PI. The presence of ammonia in the RG reagents,
as MFGM dissociating agent, probably increased the water
solubility of PS and PI, due to their acidic characteristics.
Four replicates of the Folch estraction were performed and
the results (mean value and standard deviation) are reported
in Table 4. The repeatability (RSD%) of the entire analytical
procedure, ranging between 1.1 and 8.1, was comparable with
the literature data[20,29]. The PL composition of milk fat,
expressed as percentage, were in accordance with the results
obtained by other authors[10,18,20].

3.4. PL composition of dairy products

The analytical procedure showing the best performance
was applied to dairy products having different fat content.
The results are reported inTable 5.

The cream samples were obtained by both natural cream-
ing (natural) and centrifugation (centr.). The sample indicated
as “milk in vat” was the semi-skimmed milk remaining after
the natural creaming and used for cheesemaking of typical
Italian hard cheeses, such as Grana Padano and Parmigiano
Reggiano.

The PL content of the natural cream was higher than that
of cream obtained by centrifugation. This result can be ex-
p g, of
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b ce, a
h M,
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he large differences of composition between milk fat
ovine brain SM may be one of the reasons of this resu
reviously reported by other authors[26,36].

.3. Evaluation of different fat extraction methods

Compared to other food, milk is a very complex ma
ith a high amount of water, and PLs, in this type of ma

nteract with both lipids and proteins. Therefore, partic
are should be taken during fat extraction from milk and o
airy products, to recover the whole PL fraction. Two fat

raction procedures with different solvents were compa
olch (F) and the Rose–Gottlieb (RG) modified proced

n order to obtain a suitable amount of fat, a proportiona
rease of the original milk portion and reagents was ap
o the RG procedure.Fig. 2reports the HPLC chromatogram
f PLs of milk fat samples extracted by the two procedu
ccording to Karlsson et al.[36], milk fat SM peak was cha
cterised by three sub-peaks due to the presence of a
umber of molecular species than bovine brain SM use
tandard mixture (Fig. 1). As far as the extraction procedu
r

lained by the incorporation, during the natural creamin
large number of small fat globules, having a higher r

etween the MFGM and the fat content. As a consequen
igher concentration of polar lipids, located on the MFG
an be expected. The two types of cream showed impo
ifferences in the percentage composition of PLs as we

The PL composition of milk in vat was closer to cre
btained by centrifugation than to natural cream.

The churning process, usually applied for the butter
uction, is responsible for the disruption of MFGM, result

n an important increase of membranous material in bu
ilk. This behaviour was demonstrated by the high PL

ent of buttermilk and the corresponding low content of

able 5
L composition of different dairy products

ample Fat
(%)

PLs
(mg/g fat)

PE PI PS
(%)

PC SM

ream (natural) 22.0 8.60 42.7 6.8 7.2 14.6 28.6
ream (centr.) 18.0 5.32 29.9 8.6 15.2 25.9 20.4
ilk in vat 2.6 3.59 32.3 9.3 10.5 27.3 20.5
utter 81.7 1.95 31.0 11.9 15.3 24.7 17.1
uttermilk 0.2 44.85 33.5 2.4 10.3 35.5 18.3
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Fig. 2. HPLC/ELSD profiles of milk fat extracted by two different procedures. The peak identities are given inFig. 1.

ter. Moreover, buttermilk showed a lower PI and a higher PC
percentage, in comparison with the PL composition of butter.

4. Conclusions

The isolation of the phospholipids by SPE silica col-
umn followed by HPLC/ELSD analysis has shown to
be a suitable method for the determination of phosphati-
dylethanolamine, phosphatidylinositol, phosphatidylserine,
phosphatidylcholine and sphingomyelin in milk fat. More-
over, from this study, Folch has been demonstrated as be-
ing the most reliable method to extract PLs from the milk
matrix.

The whole analytical procedure, applied to other dairy
products, containing different fat percentages, was able to

determine quantitative differences of PL composition as af-
fected by the technological processes.
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