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Changes of Phospholipids in Duck Muscle by Different Heating Methods
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Abstract

We studied the changes in intramuscular phospholipids on boiling and roasting duck meat. Intramuscular lipids were distilled
using chloroform and methanol. The phospholipids were separated using solid phase extraction (SPE) and analyzed with high
performance liquid chromatography(HPLC). The fatty acid composition of phosphatidylethanolamine (PE) and phosphatidylcholine
(PC) was determined using gas chromatography-mass spectroscopy(GC-MS), and the molecular species were analyzed using
HPLC-MS. The results showed that the phospholipid content decreased on cooking, and the decrease was greater with roasting. The
decrement in PE was greater than that in PC, primarily because the former contains more polyunsaturated fatty acids. The relative
polyunsaturated fatty acid content and the PE and PC molecular species with polyunsaturated fatty acids all decreased.
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Introduction

Phospholipids comprise the main constituent of membranes,
and are thus one of the chemical foundations of life [1]. They are also
important in nutrition and as flavor precursors. Phospholipids are
formed from one molecule of glycerol, one molecule of a phosphorylated
alcohol, and two molecules of a characteristic fatty acid [1]. They have
a high hydrolyzable capability due to their molecular structure and are
prone to oxidation due to the high unsaturated fatty acid content in the
fatty acid component [2].

Phospholipids and triacylglycerol are the major substrate of lipid
oxidation. The degree of phospholipid hydrolyzation varies with animal
species and muscle type and affects the storability of meat and cooking
methods [2]. The high oxidation activity of phospholipids is due to the
component long-chain polyunsaturated fatty acids, which are easily
oxidized. In addition, as membrane components, phospholipids are
in close contact with lipid oxidation catalysts in the cytoplasm [3].
Phosphatidylethanolamine is especially susceptible to oxygen because of
its high content of long-chain polyunsaturated fatty acids [1,4] studied
the change in the carcass phospholipids of chicken while cooking.
They showed that cooking damaged phosphatidylethanolamine more
seriously than phosphatidylcholine. Cooking oxidized some of the
polyunsaturated fatty acids in phospholipids. Since the increase in the
degree of oxidation was accompanied by an increase in the number of
double bonds in the fatty acid carbon chains, a small amount(0~45%)
of linoleic acid was lost, while 50~70% of the arachidonic acid was
lost and the loss of docosapentaenoic and docosahexaenoic acids
was 70~100%. No domestic or foreign reports about the change of
phospholipids in duck on cooking were found. We analyzed the
changes in intramuscular phospholipids in duck muscle with different
cooking methods, especially the main phospholipids phosphatidyl
choline (PC) and phosphatidylethanolamine (PE).

Materials and Methods
Instrumentation

The analyses were performed using a Waters 600 HPLC
system(equipped with a Waters DC 2487 UV detector), Agilent 1100
high-performance liquid chromatography(HPLC) system(equipped
with an autoinjector, HPLC workstation, UV detector, etc.), Alltech
2000 evaporative light scattering detector(ELSD), Waters Platform
ZMD 4000 HPLC-mass spectroscopy(MS) system, TRACE gas
chromatography(GC)-MS, Ultra Turrax T 25 homogenizer(IKR),

Allegra 64R refrigerated centrifuge(Beckman), RE-85C vacuum rotary
evaporator(Shanghai Yarong), and 100 mg Bond Elut LRC-NH2
cartridges (Varian).

Materials

Eighteen samples of biceps femoris were obtained from salted
ducks. The raw duck meat was either boiled in water for 30 min or
roasted by hanging in a tunnel oven at 90°C for 1.0 h. Standard
samples of phosphatidylcholines(PCs, from vitellus), phosphatidyleth
anolamines(PEs, from bovine brain), phosphatidylinositols(PIs, from
vitellus), phosphatidylserines(PSs, from vitellus), sphingomyelin(SPH,
from bovine brain), lysophosphatidylcholine(LPC, from bovine
brain), phosphatidic acid(PA, from vitellus), C14:0, C14:1, C16:0,
C18:0, C18:1, C18:2, C20:4, C22:4, C22: 6, and C24:2 fatty acids were
purchased from Sigma Chemical. The chloroform, acetic acid, diethyl
ether, 2,2-dimethoxypropane, BF, NaCl, and CaCl2 were of analytical
grade and the methanol, n-hexane, 2-propanol, and acetonitrile were of
chromatographic grade.

Lipid extraction

Duck biceps femoris muscles were trimmed carefully to remove
any adipose tissues and minced in a blender. The lipids were extracted
from 3.0 g of muscle according to the method of Folch et al. [5].
The method consists of homogenizing the tissue with a chloroform/
methanol (2:1, V:V ) mixture and washing the extract by adding 0.2
times its volume of an appropriate salt solution (7.3 g-L"* NaCl, 0.5
gL CaCl,). The resulting mixture was centrifuged for 15 min at 4°C
at 3,000 rpm to separate it into two phases. The lower phase was the
total pure lipid extract. The lipid extract was dried under a vacuum in a
rotary evaporator at 40°C. The 20.0 mg residue was dissolved in 1.0 mL
of chloroform for lipid fractionation.
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Lipid fractionation

Fractionation was used to obtain the phospholipids. Thelipid classes
were separated using the method of [6]. Briefly, 0.5 mL of dissolved
extract(10.0 mg lipids) was percolated through an aminopropyl
silica mini-column(100 mg, Varian) and washed in turn with 2.0 mL
chloroform/2-propanol(2:1, V:V) and with 3.0 mL of 2% acetic acid
in diethyl ether(W:W). Finally, the phospholipids were eluted with 3.0
mL of methanol. The solution was evaporated under N, using a water
bath at 40°C, and the residue was redissolved in 0.3 mL n-hexane/2-
propanol/water(120:80:11, V:V:V). The samples were kept at -20°C.

HPLC analysis of phospholipids

The sample was analyzed in an Agilent 1100 HPLC system using
a Lichrosorb SI 60-5 silica gel column(5 um, 250 mm X 4.0 mm i.d)
operating at 30°C. A gradient elution was carried out at a flow rate of
1.0 mL-min" using different ratios 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/H20, 120:80:11, V: V: V). The best
separation was obtained using the following gradient: from 0 to 5 min,
B was increased 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 ELSD,
which were installed in series; the UV absorbance was measured at 205
nm and the ELSD was run at 70°C with N2 at 1.8 L-min™".

Preparation of the PCs and PEs

The samples were prepared using the Waters 600 HPLC
system using a p-Porasil semi-preparative silica gel column(10
um,300mmx10mm i.d) operating at 30°C, with an injection volume
of 200uL. Chromatographic peaks were identified using the UV
absorbance at 205 nm. A gradient elution was carried out at a flow
rate of 3.0 mL-min"' using different ratios of solutions A (n-hexane/2-
propanol, 3:2, V:V) and B(n-hexane/2-propanol/25 mmol-L-1 NH,
120:80:11, V:V:V). The best separation was obtained using the
following gradient: from 0 to 5 min, B was increased from 0 to 50%;
from 5 to 30 min, B was increased from 50 to 100%; from 30 to 60 min,
B was kept constant at 100%; from 60 to 62 min, B was reduced from
100 to 0%; from 62 to 70 min, solution A was kept constant at 100 %.
The PCs and PEs were identified by comparing their retention times
with standard samples [7]. PCs and PEs were collected five times from
the column outlet; the collected solution was dried under vacuum in a
rotary evaporator at 40°C. Two aliquots of 0.5 mL n-hexane were used
to transfer it into a glass conical tube; the n-hexane was evaporated
under N2, and 0.5 mL chloroform/methanol(1:17.5,V: V) was added.
The samples of PC and PE were kept at -20°C until analyzed.

HPLC-MS identification of the molecular species of PCs and
PEs

The Waters ZMD 4000 Platform HPLC-MS system was used to
analyze the molecular species of PC and PE [8,9]. The species were
separated by HPLC with a Symmetry RP-C18 column(5 pm, 250 mm X
4.6 mm i.d)kept at 25 °C, at a flow rate of 1.0 mL-min’and an injection
volume of 5.0uL.For gradient elution, solutions A(chloroform/
methanol,1:17.5,V:V) and B(acetonitrile/water, 1:1, V:V): from 0 to 5
min, A was kept constant at 80 %; from 5 to 8 min, A was increased
from 80 to 100 %; from 8 to 30 min, A was kept constant at 100 %.

The instrument was operated in positive ion electrospray ionization
mode [9]. The nebulizer gas and desolvation gas were nitrogen [10,11].
The velocity of the solution entering the MS was 10 pl-min'. Typical
operating parameters were as follows: capillary voltage 4.37 kV, cone
voltage 47 V, source temperature 100°C, desolvation temperature
250°C, gas flow 4.0 L-h', m/z range 200-1000, and multiplier 700 V.
These conditions were optimized with a standard sample of C18:2 /
C16:0 PC.

GC-MS analyses of the fatty acid composition of PCs and PEs

Samples of PCs and PEs were placed in 0.1 mL and dried under N,
The residues were analyzed by GC after the methyl ester reaction [12].

Phospholipid methyl esters: A 2.0 -mL volume of 14% BF3 in
methanol(W:W) was added to samples of PC and PE to obtain methyl
esters(30 min at 60°C, 2,2-dimethoxypropane was used to scavenge
the water of reaction), together with 1.0 mL of water and 1.0 mL of
n-hexane. This was shaken, and after cooling, the resulting mixture
separated into two phases; the upper phase contained the fatty acid
methyl esters;. The upper solution was decanted and evaporated under
N2, and the residues were dissolved in 0.4 mL n-hexane.

GC-MS analysis of the methyl esters of PC and PE: The volatile
compounds were identified and quantified usinga GC/MS system(Trace
GC/MS; Finnigan). The fatty acid methyl esters were separated on a
PEG20M capillary chromatographic column(30 x 0.25 x 0.25). The
injection port of the GC was heated at 250°C, and the transfer line to
the mass spectrometer was maintained at 250°C. The oven temperature
was initially held at 180°C for 1 min, and then heated at 3°C/min to
230°C for 10 min. The detection temperature was maintained at 230°C.
The carrying gas was He at a flow of 0.8 L-h"'. Mass spectra were
obtained using a mass selective detector with electron impact at 70 eV,
an ion source temperature of 200°C, emission current of 150 UA, scan
range of 33 to 450 m/z, and a detector voltage of 350 V.

Results and Discussion

Change in the intramuscular phospholipid component
content

Figure 1 shows the phospholipid content of duck meat cooked
using different methods. All the phospholipids decreased during
heating. The decrement in phospholipids was greater in roasted meat
than in boiled meat, and the phospholipids were strongly oxidized
and hydrolyzed under the more intense processing condition. Figure
1 show that the phospholipid content decreased in accord with the PE
and PC levels. PC decreased more slowly than PE because it is more
stable. The unstable PI and PS decreased quickly, while SPH and LPC
decreased more slowly.

Change in the PE and PC composition

PE and PC were the main phospholipid components of duck meat.
PE decreased faster than PC on cooking, as shown in Figure 2 and 3.
The changes in PE and PC were closely related to their composition.
The relative saturated fatty acid content increased markedly, while the
relative polyunsaturated fatty acid content dramatically decreased, and
the monounsaturated fatty acids decreased slightly. Arachidonic acid
was reduced markedly, while linoleic acid decreased slightly.

Change in the molecular species of PE and PC

A marked difference was observed in the changes of the PE and PC
molecular species. The relative C18:0/C20:4 content decreased more in
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Figure 2: Influence of fatty acids composition in PE by different heating methods.
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Figure 3: Influence of fatty acids composition in PC by different heating methods.

PEs than in PCs, while the C18:1/C16:0 in PCs increased slightly, in
accord with the fatty acid composition. The change in the PE molecular
species was more marked than in PCs, reflecting the greater stability
of PCs. Figure 4 and 5 showed that the relative polyunsaturated fatty
acid content decreased, while the relative monounsaturated fatty acid
content increased. Therefore, the change in polyunsaturated fatty acids
was the reason for the changes in the phospholipids.

Lipolysis of phospholipids

The phospholipids in duck meat were strongly hydrolyzed on
heating. Figure 6 showed that several phosphatidic acids were produced
during the heating process. The phosphatidic acid content was low in
the raw meat but increased in the boiled and roasted product. The
roasted meat contained more phosphatidic acid than the boiled meat.
To an extent, the amount of phosphatidic acid reflected the degree of

phospholipid lipolysis, indicating that the phospholipids in duck meat
are strongly hydrolyzed during the heating process.

Discussion

The main possible causes of the decrease in phospholipids in
duck meat during cooking include the enzymatic degradation of
phospholipids, heating degradation, the oxidation of phospholipids,
the reaction between phospholipids and the decomposition products of
fatty acid peroxide, the reaction between phospholipids and reducing
sugars, and the brown stain reaction of phospholipids [13].

Since most enzymes are destroyed by heating, only a small amount
of the decrease in phospholipids was due to enzymatic degradation.
On heating, phospholipids break down to produce glycerol, inositol,
phosphoric acid, phosphatidic acid, and so on. Phosphatidic acid was
found in the heated samples on chromatographic analysis, indicating
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Figure 6: HPLC chromatogram of phospholipids.

that some of the phospholipids were degraded. Since phospholipids
contain several polyunsaturated fatty acids, it is believed that a large
proportionoftheirreductioniscaused by oxidation and thereaction with
oxidation products [14]. The extreme complexity of a biological system
makes it difficult to determine the main oxidation reaction involving
intramuscular phospholipids [15]. In most studies on the organization
of membranes, several conditions cannot be strictly controlled [1].
The biosystem is inhomogeneous, and includes a hydrophilic water
phase and a hydrophobic lipid phase [3]. Lipid oxidation always begins
at the start site of membranous internal unsaturated fatty acids and
most of the factors triggering lipid oxidation are located in the water
phase [1]; thus, the triggering stage of lipid oxidation can only take
place on the membrane, at the lipidosis position between muscle
fibers(if active molecular diffusion occurs to the surface of aggraded
fat), and on or in the double molecular layer. Iron is released from
high-molecular-weight protein molecules at the point where iron

bonds to the protein surface and to the lecithoid phosphoric site,
which accelerates lipid oxidation [2]. The dissociated iron can chelate
with organic acids and phosphoric acid, and the chelates might be the
main catalysts of the lipid oxidation in muscle. Although the reaction
between phospholipids and reducing sugars takes place mainly on
heating, muscle has a low reducing sugar content, so this reaction
has little effect on the loss of phospholipids. The brown stain reaction
is an aldehyde /alcohol condensation reaction, catalyzed by basic
substances. The phosphatidylcholine in phospholipids catalyzes the
condensation reaction. The amidocyanogen in the brown stain reaction
might be equivalent to the phosphatidylcholine of phospholipids and
free sugars, and the bound sugar might provide the aldehyde needed in
the brown stain reaction [2]. The aldehyde produced in the oxidation of
phospholipid unsaturated fatty acid is a factor in the aldehyde/alcohol
condensation reaction, so the brown stain reaction should result in the
loss of a large proportion of the phospholipids.
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Conclusions

The phospholipid content of muscles decreased on heating duck
meat, and roasting caused a greater lost of phospholipids than boiling.
More PE was lost than PC. The loss of PE and PC was reflected in the
relative decrease in the content of polyunsaturated fatty acids. The
main reasons for the loss of phospholipids include heating degradation,
phospholipid oxidation, and the brown stain reaction of phospholipids.
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