J OURNAL O

AGRICULTURAL AND

FOOD CHEMISTRY

pubs.acs.org/JAFC

Characterization of Phospholipid Molecular Species in the Edible

Parts of Bony Fish and Shellfish

Emanuele Boselli” Deborah Pacetti,* Paolo Lucci,* and Natale G. FregaT

TDepartment of Agricultural, Food, and Environmental Sciences, Universita Politecnica delle Marche, Via Brecce Bianche,

60131 Ancona, Italy

T'Department of Nutrition and Biochemistry, Faculty of Sciences, Pontificia Universidad Javeriana, Bogota D.C., Colombia

ABSTRACT: The phospholipid molecular species of freshwater (pangasius, Nile perch, trout), marine fish fillets (horse
mackerel, European hake, common sole, European anchovy, European pilchard, Atlantic mackerel) and the edible muscle foot of
bivalves (clam, mussel, oyster) commonly available in the Italian market during spring and summer were characterized by means
of normal-phase high performance liquid chromatography coupled online with positive electrospray ionization ion-trap tandem
mass spectrometry. From principal component analysis (PCA), it was observed that the total fatty acid profile was not suitable to
differentiate among the shellfish genera. The fatty acid molecular combinations of phosphatidylcholine, the main phospholipid
class, as well as phosphatidylinositol and phosphatidylethanolamine allowed for the differentiation of shellfish from the bony
fishes. Phosphatidylserine and phosphatidylethanolamine plasmalogen profile allowed for the discrimination of each bony fish or
shellfish genus since PS and pPE classes included a large number of fatty acid combinations that were specific for a fish genus or

group.
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B INTRODUCTION

The positive effects of the consumption of fishery products on
certain chronic diseases’ are well-known since several decades
and are due to the abundant concentration of long chain (LC)
@3 PUFAs, such as eicosapentaenoic acid (C20:5w3, EPA),
docosapentaenoic acid (C22:5w3, DPA), and docosahexaenoic
acid (C22:6w3, DHA). The inability of some subjects (e.g,
elderly people) to efficiently desaturate and chain elongate
linolenic acid (C18:3w3, In) to EPA, DPA, and DHA makes the
@3 LC-PUFAs dietarily important.®

Polar lipids of fish include phospholipids (PLs), which are
richer in 3-PUFAs than neutral lipids (NL)** due to their
functional role. The lipid composition of fish depends on several
factors, such as the species, the environmental conditions of growth,
the feeding composition, and the freshness of the product.” Con-
sequently, the characterization of the phospholipid classes is a
powerful tool in order to evaluate the nutritional properties of the
fish products and of the nutraceutical or functional foods containing
fish ingredients® or liposomes.” Moreover, the increased commercial
use of phospholipids as ingredients for functional food, baby food,
and pet food has led to the development of specific analytical
methods in order to separate and identify phospholipids.*~"® PLs
extracted from fish products can play a pivotal role as an innovative
food ingredient.""'* Recently, a lipid extract rich of w3-containing
PLs from krill (Euphausia superba) has been authorized by the
European Commission as a novel food/food ingredient."

The PL amount and the percentage of each PL class in fish
have been already reported by several authors.'*'® Instead, the
characterization of the molecular species of each PL class is a
still unexplored subject for many fish species.

In the present work, the molecular species of phosphatidyl-
ethanolamine (PE), plasmalogen of phosphatidylethanolamine

-4 ACS Publications  © 2012 American Chemical Society

3234

(pPE), phosphatidylinositol (PI), phosphatidylserine (PS), and
phosphatidylcholine (PC) were characterized in some fresh-
water, marine fish and shellfish commonly found in the Italian
retails’ market during spring and summer. The total lipid extract
was directly analyzed by using high performance liquid chro-
matography coupled online with electrospray ionization ion-
trap tandem mass spectrometry (HPLC-ESI-MS/MS) without
a preseparation step. The fragmentation of phospholipids pro-
duced the ion resulting from the loss of the polar headgroup
and the ion corresponding to one of the fatty acid moieties.
The phospholipid composition of different fish species and the
presence of chemical markers for a peculiar species of fish was
evaluated with the approach of the multivariate statistical
analysis (PCA).

B MATERIALS AND METHODS

Materials. Chloroform and methanol were HPLC grade from Lab-
Scan (Dublin, Irland); ammonia solution (30%) of analysis grade was
from Carlo Erba (Milano, Italy). All other chemicals, with noted
exceptions, were obtained from Sigma Chemicals Co. (St. Louis, MO,
USA). PL standards (purity greater than 99%) included phosphatidyl-
ethanolamine (PE), phosphatidylinositol (PI), phosphatidylserine
(PS), and phosphatidylcholine (PC) and were purchased from Sigma.

Samples. Three farmed freshwater fish species (Nile perch, Lates
niloticus, n; trout, Salmo trutta, t; pangasius, Pangasius hypophthalmus,
g), six fish species from the Adriatic sea (horse mackerel, Trachurus
trachurus, m; European hake, Merluccius merluccius, h; common sole,
Solea vulgaris, s; European anchovy, Engralius encrasicolus, a; European

Received: December 15, 2011
Revised:  February 19, 2012
Accepted: February 27, 2012
Published: February 27, 2012

dx.doi.org/10.1021/jf205159a | J. Agric. Food Chem. 2012, 60, 3234—3245



Journal of Agricultural and Food Chemistry

pilchard, Sardina pilchardus, p; Atlantic mackerel, Scomber scombrus, k),
and three types of marine molluscs (clam, Venus gallina, c; mussel,
Mpytilus galloprovincialis, u; oyster, Ostrea edulis, y) were selected and
purchased in local fish markets in Ancona (Italy).

The sampling was conducted in three different months: May, June,
and July 2007. For each month, three individuals of g, n, t, m, h, s, and
k were sampled together with ten individuals of p and a. The edible
part of the fishes was isolated (except g, which was already purchased
as fish fillet). The marine molluscs were also sampled in May, June,
and July 2007; an amount of 100 g of edible part of each species was
isolated each of the three months.

Lipid Extraction. The edible parts of the fishes and molluscs
belonging to the same species and purchased each month were
combined. An aliquot (30 g) of the edible part of each fish (fillet) and
shellfish (muscle) was homogenized in chloroform—methanol (1:2, v/v)
and used for lipid extraction according to Bligh and Dyer.'®

Total Fatty Acid Analysis. Fatty acids methyl esters (FAMEs)
were obtained from total lipids according to Suter at al.'” The analysis was
performed by means of gas chromatography using a CP-9002 apparatus
(Chrompack, NL), equipped with a flame ionization detector (FID) and a
CP-Sil 88 fused silica capillary column (100 m X 025 mm id, film
thickness 0.2 ym, Chrompack). The sample was injected on a split—
splitless system. The carrier gas was helium at a flow rate of 1.6 mL min™".
The temperature of the detector was 230 °C; the injector temperature
was maintained at 60 °C for 6 min and then raised to 225 °C at a rate of
20 °C min™~". Temperature programming started at 55 °C for 3 min, then
raised to 140 °C at a rate of 4 °C min’, was held for 1 min, increased
again to 225 at 2 °C min~", and was held at 225 °C for 30 min. Peaks
were identified by comparison with known standard mixtures by Sigma
(PUFA No. 1, Marine Source, Supelco 37, C4—C24 Unsaturates and
C4—C24 Saturates FAMESs).

HPLC-MS/MS Conditions. The total lipid fraction was dissolved
in chloroform—methanol (2:1, v/v), in order to obtain a 2—3 mg/mL
solution, which was analyzed by means of HPLC. The HPLC-ESI-MS/
MS method has been already reported in a previous work.'® The
HPLC system consisted of a pump module (Jasco PU-980) and a
ternary gradient module (Jasco LG-980-02, Tokyo, Japan). The
column was a Polaris Si-A 3 ¢ 150 mm X 4.6 mm (Varian, Middelburg,
NL) protected with a Silica precolumn (4 mm X 3.0 mm id.) from
Phenomenex (Torrance, USA). A gradient of solvent A [CHCl;/
MeOH/NH,OH (30%) 70:25:1, v/v] and solvent B [CHCl;/MeOH/
H,0/NH,OH (30%) 60:40:5.5:0.5, v/v] was used. The gradient
started at 100% of A, decreased to 0% A (100% B) in 10 min, then was
held for 15 min; and then reached back 100% A in S min. The flow
rate was 1.0 mL/min and the injection loop was 5 yL. The HPLC
system was coupled to an LCQ_ion-trap mass spectrometer (Finnigan,
San Jose, CA, USA). The mass detector was equipped with an elec-
trospray ionization source (ESI). The steel ionization needle was set at
5.0 kV, and the heated capillary was set to 200 °C. The sheath gas flow
was approximately 90 arbitrary units. The ion source and the ion optic
parameters were optimized with respect to the positive molecular
related ions of the phospholipids standards. The molecular mass
peaks from the HPLC effluent were detected using positive ion full-
scan ESI-MS analysis. Mass resolution was 0.1 Da. Tandem mass
(MS?* or MS/MS) experiments were carried out with a relative collision
energy of 45%. The integration was performed with the Interactive
Chemical Information System (ICIS) peak detection algorithm software
provided by Finnigan after correction for the contribution from the *C
isotope effect.

Statistical Analysis. The statistical analysis was performed by using a
multivariate statistical approach (Principal Component Analysis, PCA)
through The Unscrambler software (CAMO, Corvallis, OR, USA). This
has enabled to get an overall overview of the differences in the fatty acid
composition among the different fish groups (marine, freshwater fish and
shellfish) and fish genus. Successively, the data were statistically analyzed
by using ANOVA carried out with GraphPad InStat ver3.0 system
(GraphPad Software, San Diego, CA, USA) in order to point out signi-
ficant differences among the samples. Since the homogeneity of variance
was confirmed, the Tukey—Kramer’s test was used for comparison of the
means among different fish species. Significance was accepted at a
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probability of 0.0S (P < 0.05), according to the MSD (minimum signi-
ficant differences) test.

B RESULTS AND DISCUSSION

Fatty Acid Profile. The fat content and the total fatty acid
composition of each fish and mollusc species are reported in
Table 1. The mean value and standard deviation (SD, n = 3)
are given for each component.

Figure 1 shows the biplot reporting the loadings of the fatty
acids and the scores of the samples collected in three different
months (5 = May, 6 = June, 7 = July). The first principal
components (PC1 and PC2) accounted for 76% (60 and 16%,
respectively) of the total variance of the model.

The distribution of the fish samples in the biplot showed that
the fatty acids pattern is strictly related to the environment
(marine or freshwater). The fatty acids profile of freshwater fish
showed high variability and was different from the fatty acid
composition of sea fish and shellfish; the samples of freshwater
fish were more spread in the plot than sea fishes and shellfishes.
Pangasius (g5, g6, and g7) was located in the bottom/left quadrant
away from the axes origin; however, Nile perch (nS, n6, and n7)
was located in the same quadrant as g but near the origin. The
trout (tS, t6, and t7) samples were positioned in the top/left
quadrant, while European hake (hS, h6, and h7), horse mackerel
(mS, m6, and m7), Buropean anchovy (a5, a6, and a7), and
Atlantic mackerel (kS, k6, and k7) were placed in the top/right
quadrant. European pilchard (pS, p6, and p7) and common sole
(sS, $6, and s7) were the marine fish with a fatty acid pattern more
similar to that of n and molluscs and were clustered in an inter-
mediate area of the biplot. All the mollusc samples (c, u, and y)
were located in bottom/right quadrant.

To the authors’ best knowledge, the fish species combination
of the present experimental plan has never been analyzed so far
and obviously influenced the overall PCA results.

The distribution of the variables (Figure 1) showed that EPA
(e), DHA (d), oleic (o), and linoleic (1) acid explained most of
the variance of the model.

The fatty acid profile of pangasius was markedly different from
all the other fishes because it had the highest content of oleic acid
and the lowest content of EPA and DHA (Table 1). The trout
resulted richer in linoleic acid (1) than all the other fishes and poor
of DHA. The samples of n and g showed a relative high content of
saturated fatty acids (palmitic and stearic acids).

The sole (s) was characterized by a lower amount of DHA
with respect to all the other sea fish and was richer of EPA, as
well as the molluscs.

The results obtained by PCA analysis were confirmed with
ANOVA (Table 1). Pangasius resulted significantly richer in
MUFA, particularly in oleic acid (35.3 + 1.6%), and poorer in
DHA (2.0 + 0.4%) than all the other samples.

The samples of n, p, and s displayed a content of DHA equal
to palmitic acid, whereas the other sea fish species and molluscs
showed that the DHA was the preponderant fatty acid. In
addition, sea fish species, except s and p, resulted in being signi-
ficantly richer in DHA with respect to all freshwater and mol-
luscs species. Conversely, the EPA level in most of the molluscs
resulted higher (significantly higher in oysters and mussels)
than the bony fish species.

European anchovy presented the amount of @3 PUFA (512 +
2.2%) significantly higher than all the other species, except h and k.

Separation of the Phospholipid Classes. The total lipid
fraction was injected in HPLC-MS/MS without prior cleanup
in order to reduce the analysis time and the solvent amount and
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Figure 1. Principal component analysis (PCA) of the total fatty acid composition of fish fillet and shellfish edible parts. Each fish sample is marked
with a dot (-) and abbreviated as follows: gS-g7, pangasius; nS-n7, Nile perch; t5-t7, trout; c¢5-c7, clam; uS-u7, mussel; yS-y7, oyster; kS-k7, Atlantic
mackerel; s5-s7, common sole; a5-a7, European anchovy; h5-h7, European hake; pS-p7, European pilchard; mS-m7, horse mackerel. Each variable
(fatty acid) is marked with a triangle (A) and abbreviated as follows: p, C16:0; po, C16:1A9; s, C18:0; o, C18:1A9; 1, C18:26; In, C18:3w3; em,
C20:1; ed, C20:2A11,14; a, C20:4w6; dd, C22:2; e, C20:5w3; dp, C22:5w3; d, C22:6w3.
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Figure 2. Positive HPLC-ESI-MS trace of PL from European anchovy with the MS operating in scanning mode.

to keep the manipulations to a minimum. The HPLC flow was
directed to the waste during the first 4 min in order to prevent
plugging of the heated capillary since the triacylglycerol fraction
is eluted in the first 3 min from the HPLC column. Then, a
switching valve automatically shifted the flow into the injection
port of the mass detector. The separation of the six main phos-
pholipid classes from fish and molluscs is reported in Figure 2.
The pseudomolecular mass peaks from the different phospholipid
classes were detected using positive ion full-scan ESI-MS analysis.
All classes were detected as [M + H]* except for phosphatidy-
linositol that was detected as an ammonium adduct [M + NH,]*.
The fragmentation of the PL classes has already been discussed in
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previous studies by different groups.'®>° The retention time for
the different classes increased in the following order: pPE < PE <
PI < PS < PC. All classes eluted within 14 min.

Characterization of the Phospholipid Molecular
Species. The identification of the PL molecular species was
confirmed by using standard PL solutions and comparing the mass
spectra with those reported in the literature.”!

The relative abundance of individual molecular species within a
phospholipid class was calculated from the single ion current
responses since the peak intensity with ESI-MS among PL species
of the same class is considered similar.”*>* The molecular com-

position of the glycerophospholipid classes is discussed below.
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Figure 3. PCA biplot of the pPE (a) and PE (b) molecular species of the fish fillet and shellfish edible parts. Abbreviations of the fish samples are the
same as those in Figure 1; abbreviations of the fatty acids (same as those in Figure 1) of the PL molecular species are reported in small characters
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Plasmalogen of Phosphatidylethanolamine. The pre-
ponderant pPE molecular species (Table 2) were different
among the various bony fishes and shellfish. Shellfish did not
contain pPE (p16:0/C22:6), which was preponderant in h,
t, and g. The main species in shellfish was p18:0/C22:6 in
c and y, whereas it was p18:0/C20:2 in u; the latest was
curiously absent in all marine or freshwater fishes. Fresh-
water fishes were the only species containing p16:0/C20:4
and p16:0/C20:3. The most abundant molecular species in
European anchovy contained octadecanoic alcohol and DPA
acid. The preponderant species in s contained a monounsatu-
rated alcohol (p20:1/C22:6). PCA showed (Figure 3a) a clear
clustering of the fishes and molluscs according to the genus, unlike
other phospholipid classes. Marine fishes were practically all

3240

clustered in the first quadrant due to the high fraction of p18:1/d.
Among freshwater fishes, perch was localized in an opposite direc-
tion with respect to pangasius and trout due to the high presence
of p18:0/d. Among molluscs, the mussel samples were localized
far from the other two species due to the high percentage of pPE
containing 18:0 and an unsaturated C20 (mono or diunsaturated)
fatty acid.

Phosphatidylethanolamine. The molecular species com-
position of PE (Table 2) was a good marker of the fish and
mollusc genus, as it can be observed from the biplot of PCA
(Figure 3b); the preponderant molecular species depended on the
fish genus. Sea fishes are clustered at positive values of PC1 due to
the high content of PE molecular species containing DHA. The a
and p samples were significantly richer of C16:0/C22:6 than all

dx.doi.org/10.1021/jf205159a | J. Agric. Food Chem. 2012, 60, 3234—3245
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Table 3. continued

molluscs

freshwater fish

sea fish

fatty acid

ion (m/z)

818.6
830.4
832.4
834.4
852.4
854.4
878.5

12 + 0.1b,cd 1.7 + L0ab,c,d 1.5 + 0.4b,cd

0.6 + 0.1c
3.5+ 0.5b,cde 3.8 + 1.0b,c,d 2.8 + 0.8¢cde 4.4 + 0.3ab,c

1.0 + 02¢,d
12 + 02¢

1.1 + 03¢d
6.6 + 0.7a

0.6 + 0.1d

2.6 + 0.3a

1.5 + 0.4b,cd 1.8 + 0.1ab,c 1.6 + 0.3a,b,c,d 0.9 + 0.2¢c,d

22 + 0.1ab
1.0 + 0.2¢

18:0/20:0
18:2/22:6
18:1/22:6
18:0/22:6
20:5/22:6
20:5/22:5
22:6/22:6

22:6/22:5
Values are given as the average internal percentages + standard deviation (n = 3). n.d. = not detected; values in the same row with different letters are significantly different (P < 0.05).

0.9 + 0.1c

0.5 £ 0.1c

1.1 + 0.5¢ 0.8 + 0.3¢ 2.1 + 0.4c 3.9 + 1.5b
4.5 + 0.8a,b,c 3.1 +0.7b,c,de 4.8 + lab

1.2 + 0.3c

1.0 £ 0.4c¢

2.5+ 0.3de

4.2 + 0.4ab,cd 3.7 + 0.2b,c,d 1.7 + 0.1e

5.9 + 0.5a

49 + 0.3a

4.1 + 0.5abc 44 + 0.8ab

23+ 05def 3.1 + 04cde 34 + 04bcd 2.0 + 0.6ef 3.1 + 0.3cde

43 + 0.6abc 3.3 + 0.lbcd 1.4 + 0.If
4.3 + 0.8b

3.1 + 0.4cde
4.6 + 1.0b

12 +02d
0.5 + 0.1c

n.d.
n.d.

1.1 + 02b,c

0.8 +0.3d
1.1 + 0.6e

n.d.
n.d.

4.1 + 1.8bc
2.5 + L.5ab
6.0 + 0.7¢,d
1.6 + 0.6b,c

1.8 + 0.5¢,d
2.6 + 0.2ab

10.7 + 0.3ab 4.0 + 0.6d,e

44 £+ 0.7b
32 £ 0.1a

85 + 1.1a

28 + 04b,cd 5.1 + 1.0b

23 +05ab 3.1+ 0.35a 1.9 + 0.6ab,c 3.0 + 0.1bc 3.4 + 0.6a
12.8 + 2.2a

2.7 + 09ab
8.1 + 14b,c

29 + 0.3a

0.6 + 0.4c,d

+ 0.2 + 0.1e 1.1 + 0.2e

0.5 + 0.1cd

1.0 = 0.7

13.0 + 3.3a
3.3 +0.7a

102 + 0.5ab 29 + 0.3de

3.5 £0.3a

0.2 + 0.0d

0.9 + 02¢d

34 + 0.1a

2.8 + 0.7ab

3.7 £ 0.9a

880.5

a
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other species. On the contrary, molluscs were clustered at the top/
left of the score plot because of the low content of w-3 LC-PUFA
(the only @-3 LC-PUFA was EPA).

Freshwater fishes were splitted into opposite quadrants. The
trout had a composition close to a and p, whereas g and n were
characterized by C18:0/C20:4, C18:0/C18:1, C18:0/C20:3,
and C16:0/C20:4 (or C18:2/C18:2).

The PE species containing DHA/DHA was only present
in marine fishes, in n and t, and was the preponderant spe-
cies in h. PE with C16:0/C18:2 was significantly higher in
c than all the other fish and mollusc samples. Some of the PE
molecular species were typical of a particular genus, such as
C18:0/C22:4 for y and C18:3/C22:6 and C18:2/C22:6 for t,
respectively.

Phosphatidylinositol. The fish samples could be
classified through the PI molecular species (Table 3) into
separated groups according to the fish class with the excep-
tion of t, which was similar to the marine fishes (Figure 4a).
The main molecular species of marine fishes and t contained
DHA. The main molecular species of molluscs contained DPA and
stearic acid, which was significantly higher than all the other fishes.
Freshwater fish, such as g and n contained stearic combined with
arachidonic acid, as the predominant molecular species. In con-
clusion, the preponderant PI species always contained stearic acid
combined with different LC-PUFAs according to the fish classes. In
molluscs and in g C16:0/C22:6 was absent, whereas it reached
254% in a.

Phosphatidylserine (PS). The profile of the molecular
species of PS (Table 3) were homogeneous within a fish genus;
however, the clustering of the samples (Figure 4b) did not
follow a predictable distribution. Freshwater fish clustered both
in the top/right (t), in the bottom/left quadrant (g), or along
the negative values of the PC1 axis (n). Also marine fish genera
were spread in three different quadrants. The molluscs were
distributed in the two quadrants with positive values of PCI.
The main molecular species was C18:0/C22:6 in all fishes
except a, g, and y, where the main species were C16:0/C22:6,
C18:0/C22:S, and C18:0/C20:S, respectively. Only freshwater
fishes contained C16:0/C18:1 and C18:0/C18:2. The molec-
ular species C18:0/C22:4 was only present in s and freshwater
fishes. The molecular species containing C20:1 were only
present in molluscs. Mussel and oysters were the only genera
containing C18:1/C20:1, whereas oysters and clams were the
only genera containing C18:2/C22:2. Moreover, only clams
contained C18:0/C20:1. Pangasius and Nile perch were the
only genera lacking of C16:0/C22:6.

Phosphatidylcholine (PC). The PC molecular species com-
position of fish and shellfish samples was reported in Table 3. The
main PC molecular species contained palmitic and docosahexaenoic
acid (PC 16:0/22:6) in all fish and shellfish samples except in sole,
Nile perch and pangasius where the preponderant PC molecular
species resulted the PC (C16:0/C18:1). The molecular species
containing exclusively stearic acid (C18:0/C18:0) was detected only
in freshwater fish.

The PCA biplot obtained using the molecular species profile of
PC (Table 3) is reported in Figure 4c. PC1 and PC2 accounted
for 77% of the total variance of the model; the majority of the
variance was explained by PC1 (58%).

The PC molecular species composition of molluscs (particularly
oysters) was markedly different from that of all the fish species
since it resulted being richer of PC 16:0/20:5. The fish species can
be clustered in two groups: the first group was formed by t and all
marine fish species except common sole (s). These fish species

dx.doi.org/10.1021/jf205159a | J. Agric. Food Chem. 2012, 60, 3234—3245
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were rich of 16:0/22:6 and 22:6/22:6. The second group was
formed by the common sole and the remaining freshwater fish
(g and n), which were rich in 16:0/18:1. The ANOVA confirmed
these results (Table 3). The PC 16:0/18:1 amount in g (34.0 =
2.5% of total PC molecular species) was significantly higher than
all the other samples, including common sole and Nile perch. The
opposite trend was shown by PC 16:0/22:6 content; it resulted in
being significantly low in g and high in t, a, and c.

Moreover, marine fish species (except common sole) showed
the highest significant amount of PC 22:6/22:6 with respect to
all freshwater fish and molluscs. The exception was detected in
common sole where PC22:6/22:6 (2.9 + 0.3% of PC molecular
species) resulted in being weakly lower than n and t (4.0 +
0.6% and 6.0 + 0.7%, respectively) and weakly higher than g
and molluscs.

Molluscs were characterized by a high content of PC 16:0/
20:5, which resulted in being significantly greater in the oyster
(22.1 £ 0.6%) than all the other samples, including clam and
mussel.

In addition, the phosphatidylcoline composition of the
mussel was characterized by a significantly high content of
PC 16:0/16:1 with respect to all the other species of fish and
molluscs. Curiously, PC 20:5/22:6 and PC 20:5/22:S were
absent both in g and u.

General Remarks. In summary, a HPLC-ESI-MS/MS method
previously developed for the characterization of pork meat and
egg phospholipids'®** was successfully applied to the qualitative
and quantitative analysis of the phospholipid molecular species of
marine and freshwater fish and shellfish collected in different
periods without prior separation of the polar lipid fraction.

Freshwater fishes showed the highest heterogeneity of the
fatty acid combinations in the PL; moreover, the composition
of the trout was more similar to marine fish. This can be due to
the different geographical origin of the freshwater fish samples
since phospholipids are considered the lipid fraction less
affected by the seasonal and dietary variability®® with respect to
triacylglycerols. While pangasius was of Asian origin and Nile
perch was from Africa, the trout came from Italian fish farms.

Common sole was distanced from marine fishes probably
due to the different living conditions; while sole is a benthic
fish, all the other bony fishes swim in the water column above
the bottom.

Regarding the identification of chemical markers for peculiar
species of fish it must be reported that the phospholipid classes
could be subdivided in two categories. For PC, the main
phospholipid class, the fatty acid combination was the tool for
differentiating shellfish from the bony fishes. The same
conclusion can be drawn for PI and PE. Conversely, PS and
pPE allowed for the discrimination of the several bony fish or
shellfish genus because these PL classes include a large number
of fatty acid combinations, which were specific for a fish genus
or a group of genera, as previously discussed. Freshwater fishes
were the only species containing the pPE combinations p16:0/
C20:4 and p16:0/C20:3.

From the comparison of the different PCA models, it can be
concluded that the differentiation among the shellfish genera is
achievable only through the profile of pPE and PS and not by
using the total fatty acid profile. However, the PC molecular
profile was partially similar to that of total fatty acids,
presumably because PC is the main PL in animal fat.
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B ABBREVIATIONS USED

ANOVA, analysis of variance; DHA, docosahexaenoic acid; DPA,
docosapentaenoic acid; EPA, eicosapentaenoic acid; FAME, fatty
acid methyl ester; HPLC-ESI-MS/MS, electrospray ioniza-
tion ion-trap tandem mass spectrometry; LC-PUFA, long chain
polyunsaturated fatty acids; NL, neutral lipids; PC, phosphatidyl-
choline; PCA, Principal Component Analysis; PE, phosphatidyl-
ethanolamine; PI, phosphatidylinositol; PL, phospholipids; pPE,
plasmalogen of phosphatidylethanolamine; PS, phosphatidyl-
serine; SD, standard deviation
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