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In this study, intramuscular phospholipid classes and molecular species in Gaoyou duck meat were deter-
mined. Classes of phospholipids were identified and quantified by normal phase HPLC combined with UV
and evaporative light scattering detectors (ELSD). The main phospholipid classes (phosphatidylcholine
and phosphatidylethanolamine) were prepared on a semi-preparative silica gel column by HPLC. Reverse
phase HPLC was coupled in parallel with both an ELSD and a mass spectrometry in order to characterise
molecular species of phosphatidylcholine (PC) and phosphatidylethanolamine (PE). The results showed
that Gaoyou duck meat had high quantities of PC and PE (64.66% and 28.10% of total phospholipids,
respectively). Arachidonic acid was mainly present in PE and formed molecular species containing a sat-
urated fatty acid, such as stearic or myristic acid; however, oleic acid together with palmitic or stearic
acid formed the main molecular species in PC. The content of the molecular species with polyunsaturated
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fatty acids in PE accounted for 98.33%, while that in PC only 46.20%.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Cooked and dry-cured duck products are well accepted by con-
sumers in China and Southeast Asia due to its delicate flavour and
texture (Xu, Xu, & Zhou, 2008). In Nanjing city alone, about thirty
million ducks are consumed annually (Liu, Xu, & Zhou, 2006). Gao-
you duck is widely used to produce traditional Chinese duck meat
products, including the famous Nanjing cooked duck or Nanjing
dry-cured duck.

The amount of intramuscular phospholipids in the meat is an
important factor (Gray, Gomaa, & Buckley, 1996) for the flavour
and nutritive quality of fresh cocked and dry-cured meat products
such as ham, sausage, and salami. Phospholipids consist of long-
chain fatty acids attached to a phosphoryl group. Because the fatty
acid chains can vary in length and degree of saturation, each
phospholipid class has numerous molecular species with different
chemical and biological properties (Marco, Fabio, & Emanuele,
2004). Several workers have found that fatty acid profiles of phos-
pholipids are correlated with differences in flavour characteristics
of meat (Larick & Turner, 1990). There are two major classes of
phospholipids, the phosphatidylethanolamines (PE) and the phos-
phatidylcholines (PC). In our previous study, we found that PE
and PC decreased by 50% and 30%, respectively during the Nanjing
dry-cured duck processing (Xu et al., 2008). Similar trend was also
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observed while cooking chicken. To explain the mechanism of this
phenomenon, an analysis of the molecular structures of PE and PC
in the meat is necessary. Usually, the analysis of phospholipids in-
volves either the determination of total fatty acids by gas chroma-
tography after purification of phospholipids, or the determination
of the phospholipid classes with thin-layer chromatography (TLC)
or preparative high performance liquid chromatography (HPLC)
(Peterson & Cummings, 2005). However, practically no literature
data are available of phospholipid molecular species in duck meat
which play a pivotal role in the study of nutritional value and fla-
vour of meat. The objective of this study was to determine intra-
muscular phospholipid classes and molecular species in Gaoyou
duck. After purification of the phospholipids by solid phase extrac-
tion (SPE), classes of phospholipids were identified and quantified
by normal phase HPLC combined with UV and evaporative light
scattering detectors, molecular species of the main phospholipid
classes (PC and PE) were characterised by reverse phase HPLC
which was coupled in parallel with both an electrospray ionisation
mass spectrometer and an evaporative light scattering detector.

2. Materials and methods
2.1. Materials

Gaoyou ducks (fed for 10 mouths) from Jiangsu Waterfowl Re-
search and Development Center were slaughtered humanely in a
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commercial meat processing company (Jiangsu Yurun Food Ltd.).
After chilling (2 h), six ducks were selected for analyses of
phospholipid classes, and four of molecular species. One biceps
femoris muscle was removed from each duck.

Phospholipid standards (purity higher than 99%), including
phosphatidylethanolamine (PE), phosphatidylcholine (PC), phos-
phatidylinositol (PI) phosphatidylserine (PS), sphingomyelin
(SPH) and lysophosphatidylcholine (LPC) standards were pur-
chased from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA);
methanol, n-hexane, 2-propanol, acetamide, chloroform and aceto-
nitrile were chromatographic pure grade. Acetic acid, diethyl ether,
NH4Ac, NaCl and CaCl, were analytic pure grade.

2.2. Extraction and purification of phospholipids

2.2.1. Intramuscular lipid extraction

Biceps femoris muscles were removed from duck carcasses and
trimmed of all visible subcutaneous fat and connective tissue. Lip-
ids were extracted from muscle samples according to the method
of Folch, Lees, and Stanley, (1957) with small modifications. Briefly,
3.0 g of muscle sample was homogenised with 60 ml of chloro-
form/methanol (2/1, V/V) solution at 1500 rpm using an Ultra Tur-
rax (T25, IKA, Germany). The homogenate was allowed to stand for
1 h and then pass through a layer of filter. 0.2-fold the filtrate’s vol-
ume of a solution containing 7.3 g/L NaCl, and 0.5 g/L CaCl, was
added to filtrate. The mixture was centrifuged for 15 min at
3000 rpm (Allegra 64R, Beckman, USA) and the lower phase was
dried under vacuum on a rotary evaporator (RE-85C, Yarong, Chi-
na) in a 44 °C water bath and then stored at —20 °C.

2.2.2. Phospholipid purification

Phospholipids were separated from intramuscular lipids accord-
ing to the procedure of Garcia, Gibert, and Diaz (1994). Briefly,
20.0 mg of total lipid extract was dissolved in 1.0 ml of chloroform,
and 0.5 ml of the solution was transferred into an aminopropyl-sil-
ica minicolumn (100MG, VARIAN, USA) that was activated with
1.0 ml of chloroform before transfer. The minicolumn was washed
with 2.0 ml of chloroform/2-propanol (2/1, V/V) to remove hydro-
carbons, cholesterol esters and triacylglycerols, and then free fatty
acids were eluted with 3.0 ml of 2% acetic acid in diethyl ether
(W/W). Finally, phospholipids were eluted with 3.0 ml of methanol.
The solvent was removed by rotary evaporation and the residue
was dissolved in 0.3 ml of mobile phase C solution (hexane/2-pro-
panol/water, 120/80/11, V/V/V) for HPLC analysis.

2.3. Separation and identification of phospholipid classes

The sample was analyzed in an Agilent 1100 HPLC system
(equipped with an autoinjector, HPLC workstation, UV detector,
Palo Alto, CA, USA) using a Lichrosorb SI 60-5 silica gel column
(5 pm, 250 mm x 4.0 mm i.d.) operating at 30 °C. A gradient elu-
tion was carried out at a flow rate of 1.0 mL/min using different ra-
tios of solutions A (n-hexane/2-propanol, 3/2, V/V), B (n-hexane/2-
propanol/25 mmol L~' NH4Ac, 120/80/11, V/V/V), and C (n-hexane/
2-propanol/H,0, 120/80/11, V/V/|V). The best separation was ob-
tained using the following gradient: from 0 to 5 min, B was in-
creased from 0% to 50%; from 5 to 30 min, B was increased from
50% to 100%; from 30 to 45 min, B was kept constant at 100%; from
45 to 50 min, C was increased from 0% to 100%; from 50 to 60 min,
C was kept constant at 100%; from 60 to 62 min, A was increased
from 0% to 100%; from 62 to 70 min, solution A was kept constant
at 100%. Chromatographic peaks were detected with a UV detector
and an ELSD, which were installed in series; the UV absorbance
was measured at 205 nm, and the ELSD was run at 70 °C with N,
at 1.8 L/min. Peaks were identified by comparison with known
standards.

For the quantitative analysis of phospholipids, a calibration
curve for each phospholipid classes was obtained by injecting stan-
dard solutions of PC, PE, PC, PI, PS, SPH and LPC at five different
concentrations, calibration curves were reported in Table 1. Recov-
eries, estimated on the basis of determinations after spiking sam-
ples with known amounts of standards. The intra-day precision,
expressed as the relative standard deviation (RSD, %) of peak area
measurements (n =5), was evaluated through the results obtained
from the method operating over one day under the same condi-
tions, concentration levels of PE and PC were 2.5 mg/mL, PI, PS,
SPH, LPC were 0.05 mg/mL. The inter-day precision was deter-
mined at the same concentration levels, and the analyses were per-
formed for 5 days.

2.4. Determination of PC and PE molecular species

2.4.1. Preparation of PC and PE

The sample of phospholipids was prepared by Agilent 1100
HPLC system using a p-Porasil semi-preparative silica gel column
(10 pm, 300 mm x 10 mm i.d.) operating at 30 °C, with an injec-
tion volume of 200 pL. Chromatographic peaks were identified
using UV absorbance at 205 nm. The programme of gradient elu-
tion was identical to that described in 2.3, but carried out at a flow
rate of 3.0 mL/min. The total separation time was 70 min. The iden-
tification of PC and PE was performed by comparing their retention
times with standard samples. PC and PE were collected five times
from the column outlet and were dried under vacuum with a ro-
tary evaporator at 40 °C. Two portions of 0.5 mL n-hexane were
used to transfer the residues into a glass conical tube, then the n-
hexane was evaporated under N, and 0.5 mL chloroform/methanol
(1/17.5, V/V) was added. Finally, the samples of PC and PE were
kept at —20 °C for further analysis.

2.4.2. Quantitative determination of PC and PE molecular species by
high performance liquid chromatography-evaporative light
scattering—electrospray ionisation mass spectrometry (HPLC-ELSD—-
MS)

A reconstructed HPLC-ELSD-MS (HPLC, Waters 2690; ELSD, All-
tech 2000; MS, Waters Platform ZMD 4000) system was used to
analyze PC and PE molecular species. The separation was per-
formed on the HPLC using a Symmetry C;g RP column (5 pm,
250 x 4.6 mm i.d.) operating at 25 °C. A gradient elution was car-
ried out using various ratios of solvent A (chloroform/methanol,
1/17.5, V/V) and solvent B (acetonitrile/water: 1/1, V/V). The elu-
tion was begun with solvent A, which was maintained at 80% for
5 min, then increased to 100% in 5 min, and maintained at this le-
vel for 45 min. The flow rate was 1.0 mL/min and the injection vol-
ume was 5 pL. The HPLC system was coupled in parallel to both an
electrospray ionisation mass spectrometer and an evaporative light
scattering detector. The HPLC effluent was splitted: 0.25 ml/min
entered the MS detector and 0.75 mL/min were delivered to the
ELSD.

The ELSD was run at 70 °C with N, at 2.0 L/min. The mass detec-
tor was operated in positive ion electrospray ionisation mode. The
nebulizer gas and desolvation gas were nitrogen. The velocity of
the solution entering the MS was 10 pL/min. Typical operating
parameters were as follows: capillary voltage 3.3 kV, cone voltage
30V, source temperature 100 °C, desolvation temperature 400 °C,
gas flow 4.0 L/h, m/z range 200-1000, and multiplier voltage of
700 V.

2.5. Statistical analyses
Results were presented as mean + SD, percentage of phospho-

lipid classes were from six different samples, molecular species
from four, the value for each sample was the average of two
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Table 1

Calibration curves and analytical parameters of phospholipid classes

LOQ® (ng/mL)

=5 LOD" (pg/mL)

RSD (%) n

Calibration curve equations® Correlation coefficients (r) Linear range (pg)

Retention time (min)

Detector

Phospholipids

Intercept

1.96
3.18
1.65
2.54
1.47
293

Slope
2.41
1.32
2.87
3.06
2.34
1.46

14
47

12.5-125
12.5-125
0.2-8.0
0.2-8.0
0.2-8.0
0.2-8.0

0.9986
0.9999
0.9972
0.9963
0.9999
0.9991

628.35X +5018.3

A
A

21.14
41.05
26.87

uv
uv

PE
PC

PI

15

303.27X + 382.61

0.13
0.15
0.14
0.15

0.04
0.05
0.05
0.05

1.4871 IgX + 2.9045

IgA
IgA
IgA
IgA

ELSD
ELSD
ELSD
ELSD

1.1296 IgX + 2.1865

35.13

PS

1.4051 IgX + 2.6118

43.25

SPH
LPC

1.2943 IgX + 2.7736

67.48

2 X: quantity of phospholipids in injection (pg), A: peak area.

b The limit of detection (LOD) is considered to be the quantity yielding a detector response approximately equal to three times the background noise.

D. Wang et al./Food Chemistry 112 (2009) 150-155

€ The limit of quantitation (LOQ) is the lowest amount that can be analyzed within acceptable precision and accuracy approximately equal to ten times the background noise.

replicate determinations of a single extract. Standard and relative
standard deviations (SD and RSD) were evaluated with formulae
of Reddy, Reddy, and Narayana (2008). Precision of measurement
was estimated as the RSD for five determinations from the same
extract.

3. Results and discussion
3.1. Intramuscular phospholipid classes content

PE, P, PS, PC, SPH, and LPC are key components of intramuscular
membrane structure (Folch et al., 1957). But the quantities of PI, PS,
SPH and LPC in the meat samples are very low, and thus most of
previous studies did not determine their quantities by a satisfying
HPLC method (Becart, Chevalier, & Biesse, 1990; Jittrepotch, Ushio,
& Ohshima, 2006; Stith, Hall, Ayres, & Waggoner, 2000; Young &
Horrocks, 1988). The authors therefore designed and optimised a
new HPLC method combined with ELSD to quantify all the above
phospholipids. A chromatography system consisting of a ternary
column with a UV detector at 205 nm could only detect PE and
PC. The same chromatography system with an ELSD could sensi-
tively detect the low quantities of PI, PS, SPH and LPC, but it
seemed not an ideal method to detect the larger quantities of PE
and PC in the duck meat sample. With this method, Table 1 showed
a good linear relationship between the peak area (A) and the con-
tent of phospholipids (X); moreover, the recoveries were 81.0-
99.0% with RSDs of 1.1-2.8%, RSDs of precision and repeatability
were 1.5-3.6% which were lower than that of Quiros, Hernandez,
and Lozano (2002). The intra-day and inter-day precision of the
method was 1.9-2.6% and 4.3-6.2%, considering that regulatory
agencies (Maia, Rath, & Reyes, 2008) recommend that the preci-
sions should be up to 15%, the values obtained by the method were
acceptable.

Under these conditions, contents of intramuscular phospholipid
classes were reported in Table 2. In Gaoyou duck meat, phospho-
lipids accounted for 46.69% of total lipids. PC and PE were the ma-
jor components of the phospholipid fraction while the quantities of
PI, PS, SPH and LPC were very low. This was in agreement with the
study of Boselli, Pacetti, and Curzi, (2007) who reported that PC
and PE accounted for 42.9% and 26.7% of the phospholipid fraction
in pork meat, and 6.8%, 4.9%, 7.5%, 2.9% for PI, PS, SPH, LPC. The role
of intramuscular phospholipids in flavour formation and rancidity
of meat products was reviewed by Chizzolini, Novelli, and Zanardi,
(1998). As PC and PE were such important classes of phospholipids,
the identification and quantification of these becomes a significant
research and development area.

3.2. PC and PE molecular species content

The reconstructed HPLC-ELSD-MS trace of each molecular spe-
cies of PC and PE was reported in Table 3. The use of ELSD can give
a precise relative content of the phospholipid molecular species
(Fig. 1). In contrast, the quantification of the molecular species
with mass detection with an ion trap may be affected by the differ-
ent ionisation potential of the analytes.

Table 2
Phospholipid classes as a percentage of total lipids and total phospholipids (%)
[mean + SD] in Gaoyou duck meat (n=6)

Phospholipid classes Content of total lipids Content of total phospholipids

BE 13.12 £1.07 28.10+2.29
PC 30.19+2.14 64.66 +4.58
PI 0.14 £ 0.01 0.30 +0.02
PS 1.43 £0.07 3.06 £0.15
SPH 1.17 £0.05 2.51+0.11
LPC 0.64 + 0.06 1.37+0.13
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Table 3
Molecular species of PC and PE in Gaoyou duck meat

Phospholipids Retention time (min) [M+H]" m/z Molecular formula Molecular species® Relative contents® (%)

PC 33.57 808.7 C46Hg2NPOg Ci6:0/C22:6 1.21+£0.06
34.16 810.8 C46Hg4aNPOg Ci6:0/Ca2:4 3.21+£0.52
35.13 782.8 C44HgoNPOg Ci6:0/C20:4 10.24+1.97
35.89 704.8 C35H76NPOg Ci6:0/C14:1 7.12 £ 0.86
37.63 730.7 C4oH76NPOg Ci4:0/C1s:2 1.24+0.11
38.92 760.7 C4>HgoNPOg Ci6:0/C1s:1 38.42£4.09
39.85 786.8 Ca4Hg4NPOg C15:0/C1s:2 27.78 £2.43
42.03 758.7 C42HgoNPOg Ci6:0/C1s:2 0.87 +0.15
43.35 788.8 C44HggNPOg Cis:0/Cis:1 8.26+1.14
47.48 756.8 Ca2H7sNPOg C16:0/C1s:3 1.12+0.27
49.36 784.7 Ca4HgzNPOg C15:1/C1s:2 0.53 +0.08

PE 34.92 712.8 C41H74NPOg C14:0/Ca0:4 2.56 £0.25
35.64 740.8 C41H74NPOg Ci4:0/Ca2:4 8.27+1.13
36.58 716.9 C41H74NPOg Ci6:0/Cis:2 6.35+0.97
37.23 714.8 C41H75NPOg Ci6:0/Cis:3 0.69 +0.08
38.90 746.8 C41HgoNPOg C1s:0/C1s:1 1.67 £0.19
39.25 768.8 C43H75NPOg Cis:0/C20:4 42.18 £4.54
41.01 744.9 C41H73NPOg Ci5:0/C1s:2 31.36+£2.12
42.81 734.8 C41HesNPOg C14:1/Ca2:6 1.24+0.11
44.72 742.9 C41H76NPOg Ci5:1/Cis:2 4.85+0.72
46.39 766.8 C43H76NPOg Cy5:1/C20:4 0.83+0.15

@ Fatty acids: C,.,, fatty acids (n = carbon number; m = number of double bounds).

b Relative contents are expressed as mean + SD (11 = 4).

ADC1 A, ADC1 (NJAU\CPPCO0001.D)
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300 -
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B ADC1 A, ADC1 (NJAU\CPPEO0001.D)
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1200
1000
800
600
400
200

T T T
0 20 40 min

Fig. 1. HPLC-ELSD chromatogram of PC and PE molecular species in Gaoyou duck
meat (A) PC; (B), PE.

The mass spectra gave the main [M+H]" and [M+Na]" ions, from
which molecular weight of main species in PE and PC could be
determined. The fragmentation of PC has already been discussed
in previous works (Pulfer & Murphy, 2003) where characteristic
fragment information of [M—RCOO]" (Fig. 2A) was acquired. The
main molecular species of PC in Gaoyou duck were PC Cy6.0/C1s:1
and PC C;3.0/Cy3.2, as was reported in other biological samples, such
as hen egg (Pacetti, Boselli, Hulan, & Frega, 2005), avocado pulp
(Pacetti, Boselli, & Lucci, 2007) or blood cells (Malavolta, Bocci, Bos-
elli, & Frega, 2004). The mass fragmentation pattern of PE showed
fragments due to the loss of the polar group (NHy(CH;),- OPOsH)
and the loss of the fatty acid moieties (RCO), as already described
elsewhere (Pacetti, Boselli, Lucci, & Frega, 2007). Characteristic
fragment iron peaks of [M—C,H;NPO,4]* and [M—C,H,NPO,—RCO]J"
were obtained (Fig. 2B). The preponderant molecular species of PE
in Gaoyou duck was PE Cyg.0/Cz0:4 (1M/z 768.8).

Major molecular species of PC in Gaoyou duck were PC Cyg.o/
Cig:1, PC Cyg:0/Cis:2, PC Cig:0/Ca0:4 and PC Cygi0/Cisin (38.42%,
27.78%, 10.24% and 8.26%, respectively). They were similar to the
pork (Boselli et al., 2007). Major molecular species of PE were PE
Ci8:0/C20:4» PE Cy8:0/Cig:2, PE C14:0/C22:4 and PE Cy6.0/Cy5:2 (42.18%,
31.36%, 8.27%, 6.35%, respectively). Studies done by Boselli et al.
(2007), however, found that main PE molecular species in pork
were PE C18:1/C18;1, PE C]g;o/C20;4 and PE C]g:o/clg;y Nevertheless,
it is well known (Wood, Nute, & Richardson, 2004) that the phos-
pholipids composition of a particular meat sample depends on
many factors, among them are animal species, rearing conditions,
feed compositions and intrinsic factors such as the kind of muscle
and muscle fibre sampled. The differences between our results and
that of Boselli’s are likely due to differences in animal species and
the kind of muscle fibre studied.

According to data in Table 2, the percentage of molecular spe-
cies with polyunsaturated fatty acids in PE accounted for 98.33%,
while that in PC only 46.2%. Yang, Ma, and Qiao (2005) found that
lipolysis in phospholipids was specific to fatty acid unsaturation
during the processing of Xuanwei hams. Hernandez, Navarro, and
Toldra, (1999) also ascribed the greater susceptibility of PE to oxi-
dation due its high content of polyunsaturated fatty acids, which
are very sensitive to oxidation. That could partially explain why
PE decreased more than PC during the Nanjing dry-cured duck pro-
cessing (Xu et al., 2008).

4. Conclusions

The present high performance liquid chromatography separa-
tion for the characterisation of phospholipids was developed using
three detection techniques, UV, ELSD, and MS. This allowed for the
accurate quantification of both the phospholipid classes and the
molecular species in PC or PE.

For the Gaoyou duck meat samples studied, the proportions of
PC, PE, PI, PS, SPH and LPC in phospholipids were 64.66%, 28.10%,
0.30%, 3.06%, 2.51% and 1.37%, respectively. PC and PE were the
main phospholipid classes. The molecular species of PC was differ-
ent from PE. There were more than 10 single molecular species in
both PC and PE. Main species in PC were PC Cy4.0/C1s:1, PC Cys:0/
C18;2, PC C16:0/C20;4 and PC C18;0/C1g;], while those in PE were PE
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Fig. 2. Positive ion mass fragmentation pattern of PC and PE in Gaoyou duck meat (A) PC (Cy6.0/C1s:1); (B) PE (C18:0/C20:4)-

Ci18:0/C20:4, PE Cy8:0/C18:2, PE C14:0/C22:4 and PE Cy6.0/C1s:2. The con-
tent of the molecular species with polyunsaturated fatty acids in PE
was more than that in PC. Further studies should be carried out in
order to understand mechanism of hydrolysis and oxidation of
phospholipids during the Gaoyou duck processing.
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